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Executive summary 

Seven out of ten of the fastest growing countries in the world are Sub-Saharan countries (van 

Dijk, et al., 2014; World Bank Group, 2015), as such it can be seen as one of the important 

emerging markets in the world.  With just under 900 million inhabitants that want and have 

growing access to luxury goods Sub-Saharan Africa is becoming an increasingly attractive 

market for fast fashion retailers (van Dijk, et al., 2014). “Fast fashion describes the retail strategy 

of adapting merchandise assortments to current and emerging trends as quickly and effectively 

as possible” (Sull & Turconi, 2008). 

However, it is not possible to just copy the well-known fast fashion strategy of for example Zara 

and H&M, implement it in Africa and expect positive results. There are many challenges that 

first have to be faced. Some examples are the absence of demand management, financial 

instability of suppliers or the lack of appropriate information systems in place (Naude & 

Badenhorst-Weiss, 2011). These challenges lead to uncertainty and poor information 

management in processes, which in their turn can lead to higher inventory and thus higher 

costs. 

This master’s thesis discusses the possibilities and challenges for a firm to operate a fast fashion 

distribution system in an African context, specifically it investigates a fast fashion company in 

West Africa. It discusses the possible difficulties and suggests an inventory allocation model 

that lowers the inventory costs while maintaining a given fill rate to the customers.  In short, the 

following research question is answered:  

How can a retail organization effectively manage the inventory of a fast fashion distribution 

network in Sub-Saharan Africa? 

 

The method that was used to answer this question is called the reflective cycle (van Aken, 1994). 

As required by the reflective cycle a case study was used in order to draw general conclusions. 

In this thesis a fast fashion brand active in West Africa, named Woodin, was chosen for this 

purpose. Woodin is a part of the Vlisco Group and was established in 1985. Since then it has 

been working on the design and fabrication of trendy African fabrics for the mid-market 

segment. Woodin is an independently operating brand that currently has a turnover of around 

20 million euros.  

The supply chain and the consumers are based in West Africa. The manufacturing facilities are 

based in Côtes d’Ivoir and Ghana. Woodin uses production capacity from these facilities. The 

central warehouses are located near these facilities. From there on, two sales paths exist. The 

first route to market is sales to local warehouses where goods are sold to wholesalers or traders, 

which make up around 50% of the turnover. From the point where the wholesalers buy the 

products Woodin loses the control and the overview of the products’ route to market. Normally 

the wholesalers reach the end-customers through open-air markets. The second route to market 
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is through Woodin’s own retail channel. For example, Woodin owns twelve retail shops in 

Ghana and more shops in other countries.  

The challenges that Woodin faces are similar to the ones characteristic for the Sub-Saharan 

context. Therefore, the company is illustrative for companies trying to operate a fast fashion 

distribution network in Sub-Saharan Africa. The existing distribution network structure and 

performance of the company were analyzed and a plan for improvement of the inventory 

management was suggested. This plan contains a mathematical model that optimizes the 

inventory control in the distribution network.   

In the current situation a push system is in place, where all the goods are sent to the stores with 

a predetermined frequency and quantity. The supply chain lacks detailed knowledge about the 

performance and relies heavily on human perception and experience. Moreover, it considerably 

lacks flexibility after allocation decisions have been made. Together, this results in a lack of 

control and possibly to inefficiencies which in their turn result in high inventory.  

When implementing the suggested model it can be concluded that it is possible to operate the 

fast fashion strategy in the own retail channel. This however, is not the case for the wholesale 

channel. It seems that wholesale stores act more as cross-docking stations where the inventory 

stays for a short period and is then sold to the customers. This would mean that the customer 

order decoupling point lies further upstream in the supply chain. A fast fashion strategy would 

therefore make no sense because it assumes that demand is only known when a customer 

arrives at the most downstream stock point and has to be fulfilled immediately. This results in 

the first conclusion:  

Conclusion 1:   

Fast fashion strategy in a Sub-Saharan context is promising in the direct retail channel, but 

controlling inventory in the wholesale channel using this strategy is not effective.  

 

Results of the optimal inventory control model show that the actual observed inventory of 

Woodin’s core products, depending on the targeted service level, is 18% (𝛽 = 0,99) to 29%(𝛽 =

0,9) higher than what is optimal. Therefore the second conclusion is drawn.  

Conclusion 2:  

Inventory in fast-fashion retail companies in Sub-Saharan Africa is likely not optimal, and can be 

improved significantly using the suggested model. 

 

From the sales data considered it became clear that seasonality plays a large role in the 

operations of the company. At the end of the year there are two major spikes in sales. The 

inability of production to quickly adapt to the seasonality pattern is a major factor of the huge 

inventory buildup during the year. A solution, might be to invest in extra production facilities 

or to outsource the seasonal production. Another subject that has been found to be of 

importance in the management of inventories in the distribution network is the availability of 
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data and the capability to deduce management implications from it. This is a factor that is a 

difficult task in Africa but it is critical for the success of fast fashion (Barnes & Lea-Greenwood, 

2006). This results in the third conclusion.  

Conclusion 3: 

With  regards to inventory management in a Sub-Saharan context, two factors are important: 1) 

production has to be agile to cope with seasonality, and 2) detailed sales data is needed and has to 

be acted on. 

 

The most important management implications following the conclusions are:  

1. When both the traditional (wholesale) and the own retail channel are utilized it is advisable 

to differentiate them accordingly. In the own retail channel fast fashion can be implemented 

with success. However, in the traditional channel this is much more difficult to do. The 

recommendation is to serve both channels with differentiated products. This means that for 

the own retail channel a fast fashion strategy is implemented with many collections and 

short product lifecycles. And through the wholesale channel products with less seasons, that 

can still be in fashion after a couple of months are sold.  

2. In order to be able to cope with the seasonality in demand and keep inventory at an 

acceptable level, it is important to have a supply chain that can quickly scale the output up or 

down. In other words agile supply chains are a very important characteristic when 

effectively operating a fast fashion supply chain. An agile supply chain can be achieved by 

either increasing internal production capacity or by partly outsourcing the production for the 

seasonal peak.  

3. When operating a fast fashion distribution network it is advisable to pick the level of 

aggregation on which the inventory is managed carefully. When this is done the data to 

support management decisions in this field should be available. Data on sales, inventory and 

shipments should be reliable and available on the level of aggregation that is chosen.  
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1 Introduction 

Seven out of ten of the fastest growing countries in the world are Sub-Saharan countries (van 

Dijk, et al., 2014; World Bank Group, 2015), as such it can be seen as one of the important 

emerging markets in the world. A consequence of a fast growing emerging market with an 

increasingly richer population is the change in customer wishes and desires. This means that 

when consumers’ wealth increases, their focus on quality, design and choice when buying 

products increases (D'Andrea, et al., 2011), in short they require more “fashionable” products. 

With just under 900 million inhabitants that want and have growing access to luxury goods 

such as mobile phones, Sub-Saharan Africa is becoming an increasingly attractive market for 

fast fashion retailers (van Dijk, et al., 2014). “Fast fashion describes the retail strategy of 

adapting merchandise assortments to current and emerging trends as quickly and effectively as 

possible” (Sull & Turconi, 2008). 

However, it is not possible to just copy the well-known fast fashion strategy of for example Zara 

and H&M, and implement it in Africa and expect positive results. There are many challenges 

that first have to be faced. It is commonly acknowledged that when expanding to developing 

countries, companies are often unable to transfer their strategic supply chain advantages from 

their home market to the emerging market (Cuervo-Cazurra, et al., 2007). Some examples are 

the absence of demand management, financial instability of suppliers or the lack of appropriate 

information systems in place (Naude & Badenhorst-Weiss, 2011). These challenges lead to 

uncertainty and poor information management in processes, which in their turn can lead to 

higher inventory and thus higher costs. 

This master’s thesis discusses the possibilities and challenges for fashion retailers to operate a 

fast fashion distribution system in an African context, specifically it investigates a fast fashion 

company in West Africa. It discusses the possible difficulties and suggests an inventory 

allocation model that lowers the inventory costs while maintaining a given fill rate to the 

customers.  In short, the following research question is answered:  

How can a retail organization effectively manage the inventory of a fast fashion distribution 

network in Sub-Saharan Africa? 

 

The remainder of this thesis is organized as follows: Chapter two is a review of the relevant 

literature about the concepts and models for this thesis. This is followed by the research 

approach in chapter three, which elaborates on the models and methods used. Chapter four 

describes the focal company that functions as a business case to draw conclusions from. Chapter 

five illustrates the policy used to optimize the inventories of the focal company. In chapter six, 

the results from this inventory control policy are elaborated on. Finally, chapter eight entails 

discussion of the results, the conclusions that follow and mentions the limitations of this thesis.  
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2 Literature review 

In this chapter a literature review is presented. First, in section 2.1 the fast fashion industry is 

defined, followed by a discussion of fast fashion in Africa in section 2.2. After this, and 

following from the challenges defined in the previous section, in section 2.3 the literature on 

inventory control models is reflected upon. This chapter ends with a summary and conclusion 

in section 2.4. 

2.1 Fast fashion 

“The fashion industry is characterized by short product life cycles, volatile and unpredictable 

demand, tremendous product variety, long and inflexible supply processes, and a complex 

supply chain” (Şen, 2008, p. 571). In the US, three different categories are recognized as apparel 

goods: “basic products”, “fashion” and “seasonal products” (following the US Office of 

Technology Assessment in Şen, 2008). Basic products are sold throughout the year. Companies 

that manufacture these basic products tend to be large and focus mainly on cost reduction 

strategies. Fashion products on the other hand have a relatively short life cycle (around ten 

weeks) and companies that focus on fashion products tend to be smaller and prioritize on 

flexibility. Seasonal products are positioned in between basic products and fashion products 

and generally have two seasons a year (Şen, 2008).  

There is, however, another supply chain strategy and apparel category by itself that has become 

very successful in the past years which is called “fast fashion” (Barnes & Lea-Greenwood, 2006; 

Cachon & Swinney, 2010; Ghemawat & Nueno, 2006; Sull & Turconi, 2008).  In this strategy the 

traditional push model (based on designer output) with long and inflexible lead times has been 

replaced with a pull model, in which retailers react and change to shift in the demand in less 

than a month rather than half a year which is the industry standard (Sull & Turconi, 2008; 

Cachon & Swinney, 2010). Table 1 shows an overview of the different categories of apparel and 

their average turnaround. 

Category Type Turnaround 

Fast Fashion Non-traditional Up to 20 seasons per year 

Fashion Traditional 4-5 seasons per year 

Seasonal products Traditional 2 seasons per year 

Basic products Traditional Whole year 

Table 1: apparel categories 
 

Barnes & Lea-Greenwood (2006) define fast fashion as “a business strategy which aims to 

reduce the processes involved in the buying cycle and lead times for getting new fashion 

product into stores, in order to satisfy consumer demand at its peak”; Sull & Turconi (2008) use 

a higher-level definition: “adapting merchandize assortments to current and emerging trends as 
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quickly and effectively as possible”. In practice this means that where traditional “fashion” as 

mentioned before has four to five seasons a year, the fast fashion model, with Zara as its most 

well-known business case, can realize a very fast turnover with new designs arriving in stores 

every two weeks (Barnes & Lea-Greenwood, 2006). This can among others result in a much 

higher customer visit rate (17 times a year versus three or four times a year) in traditional 

retailing (Ghemawat & Nueno, 2006). Following Cachon & Swinney (2010), a fast fashion 

system combines short production and distribution lead times (“quick response technique”) on 

the one hand and highly fashionable product design on the other. From this it is obvious that in 

order to maintain and achieve fast fashion, effective supply chain management is needed. As 

mentioned before, lead time reduction is one of the defining factors of fast fashion. Therefore, it 

is often linked with a quick response strategy (Cachon & Swinney, 2010). Quick response can be 

defined as follows: 

“A state of responsiveness and flexibility in which an organization seeks to provide a highly diverse 

range of products and services to a customer in the exact quantity, variety and quality, and at the 

right time, place and price as dictated by real-time customer/ consumer demand. QR provides the 

ability to make demand information driven decisions at the last possible moment in time ensuring 

that diversity of offering is maximized and lead times, expenditure, cost and inventory minimized” 

(Lowson, et al., 2004). 

 

In this system the availability and sharing of information in order to be able to make decisions 

about the supply chain is a very important driver (Barnes & Lea-Greenwood, 2006).  

2.2 Fast fashion in Africa as an emerging market 

The fast fashion strategy could also be profitable in Africa. seven out of ten of the fastest 

growing countries in the world are in Sub-Saharan Africa (World Bank Group, 2015). The 

overall GDP grows with an average of six percent per year, which results in the fact that the 

people are increasingly wealthy and a middleclass that want and can afford more luxury is 

rising (van Dijk, et al., 2014). D’Andrea, Silvestri, Costa, Fernandes & Fossen (2011) explained 

the needs of the consumers of emerging markets in their “needs ladder”, also shown in Figure 

1.  
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Figure 1: needs ladder (D'Andrea, et al., 2011) 

 

In Figure 1 it can be seen that passing the threshold of getting access to certain goods or services 

through for example affordable price is the first step in the ladder. From there on consumers 

will want the goods and services to be closer to easy reachable places such as their homes 

(D'Andrea, et al., 2011). Once this desire has been completed consumers will require more 

choice, better quality and design when deciding on whether to buy a product. Fast fashion can 

provide these last steps through trendy products (design) and many products per season 

(choice). Fast fashion companies can therefore profit greatly from the current trend in Sub-

Saharan Africa.  

As mentioned in the previous section the key enablers of a fast fashion system are information 

availability, decision making based on information and effective supply chain management. 

These are still major challenges in Africa. Moreover there are other aspects of the African 

market and channels that are not similar to European ones. Jaffe & Yi (2007) elaborated on the 

three stages in channel length evolution. The first is the stage where the channels are production 

driven, this is because demand exceeds supply. Producers in this stage often do the distribution 

themselves which leads to short distribution channels. In the second stage, the supply begins to 

meet the demand which leads to intermediaries to do distribution or other tasks more 

efficiently. This lengthens the channel significantly. In the third stage it is possible for the 

channels to shorten again due to the necessity of vertical integration, in order to improve 

efficiency, in fast fashion this is the case (Jaffe & Yi, 2007).   

In Africa the demand is still rising but the distribution channels are also long and have many 

intermediaries. This is because the infrastructure is not sufficient and personal connections play 

a big role when doing business in Africa. Next to that is the fact that traditional retail options 

still are the dominating force in sales, even among the richer middle class (van Dijk, et al., 2014). 

“Around 90 percent of commerce in Africa still goes through the traditional retail channel 
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including small independent stores, kiosks, open-air markets which are unorganized” (van Dijk, 

et al., 2014). This results in the need for long and complex distribution channels where 

information sharing and collaboration are not on the top of the priority list or simply not 

possible (Vlisco Group, 2014).  

As mentioned in the previous section the key enablers of a fast fashion system are information 

availability, decision making based on information and effective supply chain management. 

This however is a big task when trying to succeed in Sub-Saharan Africa with a fast fashion 

strategy. Because of the way of doing business in Africa through informal distribution channels 

with limited information availability and low collaboration possibilities it is apparent that there 

has to be some kind of aggregation and estimation when optimizing inventories. Therefore, it is 

necessary to look at models that can deal with this kind of aggregation and can cope with 

estimation. 

2.3 Inventory control models 

An example of an inventory control policy for a fast fashion distribution network is explained in 

Caro & Gallien (2010). This paper discusses the improvement of the inventory management of a 

large fast fashion chain operating in Europe. The model that is suggested allocates a quantity of 

central inventory to multiple stores. It is based on analyzing information of the products per 

size and applies rules that consider the availability on the most detailed level possible  (Caro & 

Galien, 2010). Since an inventory policy of this kind would not be possible to operate in the 

typical Sub-Saharan African supply chain the need for alternative inventory control policies is 

apparent.  

When operating an inventory control policy the goals are usually to minimize the costs. These 

costs are built up by holding costs for keeping inventory, ordering costs and costs that are 

indirectly derived from low customer servicing (Axsäter, 2003; Bijvank, 2014). This section 

elaborates on different models in the literature that can be used to optimize the inventory in a 

fast fashion distribution network. Firstly, the general decisions that have to be taken when 

designing an inventory control policy are discussed. Secondly, the focus will be on policies for 

divergent multi-echelon systems with periodic review periods and order up-to-levels.  

2.3.1 Inventory control policy decisions 

Supply chains for production or distribution often consist of different stages and physical 

locations. “These different stages can be viewed as nodes in a network, with arcs connecting the 

nodes (stages) in the network” (Geunes, 2015). Three different network structures are identified: 

serial, assembly and divergent. In a divergent system each node has at most one predecessor. 

The opposite is true for assembly systems where they have at most one successor. A serial 

system is a network structure where there are both at most one successor and one predecessor 
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at each node. In practice however, these structures are often combined to so called general 

systems, these systems are more difficult to handle by scientific methods (Axsäter, 2003).  

When the identification of the supply chain network is done the order policy can be chosen. 

One of the first decisions to be taken is whether the inventory is continuously or periodically 

reviewed. In continuously monitored systems decisions can be taken at any moment. On the 

other hand in periodic systems the decisions are taken only on discrete intervals in time. 

Periodic systems might, generally speaking, be slightly less efficient but are in practice less 

expensive to operate (Axsäter, 2003). It is apparent that the decision on continuous or periodic 

review periods depends on the supply chain under consideration. For example, when 

shipments can only be done on fixed intervals in time it might not be necessary to utilize a 

continuous review model.  

Another division in the literature concerns the decision on an installation stock or echelon stock 

policy. When an installation stock policy is being used, ordering decisions are based solely on 

the inventory position at the installation or stage under consideration. Alternatively, Echelon 

stock policies consider the stock at the stage and the inventory at all the down-stream stages, 

also called echelon inventory position (Axsäter & Juntti, 1996). For distribution systems it 

depends on the structure of the system which policy performs better. Generally, in a 

configuration where the lead time for the central warehouse is long the echelon stock policy is 

better (Axsäter & Juntti, 1996).  

This thesis will focus on a distribution network. Because of the difficulties of gathering live data 

when operating supply chains in emerging markets it is apparent that the focus also lies on 

periodic review systems.  

2.3.2 Multi-echelon, distribution and periodic review systems 

As mentioned by Beamon (1999), the performance parameters that are optimized to in supply 

chain modeling research are twofold. Either cost is the determinant of optimization or a 

combination of cost with service requirement restrictions. This section will elaborate on the 

literature about divergent multi-echelon systems with periodic review.  

Costs 

The costs consist of a “fixed cost for each order, holding costs for keeping inventory and penalty 

costs in case of excess demand” (Bijvank, 2014).  

Eppen and Schrage (1981) modeled a periodic review, two-echelon system with a depot that 

does not hold inventory and local stock points where the demand is independent normally 

distributed. The costs of holding and backordering are identical at the different local stock 

points, and there are no transshipments. The “allocation assumption” is an important 

assumption that is made, it means that each time an allocation is done, the depot receives 

enough material from its supplier to be able to allocate the material to each warehouse so that 
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an equal fractal point is achieved on an appropriately chosen demand distribution. The model 

of Eppen and Schrage is used as starting point for many other research papers. For example, 

Fedegruen & Zipkin (Federgruen & Zipkin, 1984) and Bollapragada, Akella & Srinivasan (1998) 

extended this study by allowing non-identical local stock points and random demand that does 

not have to be normally distributed. Diks & de Kok (1998) also considered a divergent multi-

echelon system and determined a cost optimal replenishment policy where all stock points are 

allowed to hold inventory. Moreover, this study also allowed non-normally distributed 

demands. The suggested procedure is very time-consuming but gives exact results. 

Furthermore, this study is again extended by the suggestion of a more approximate algorithm 

that can be used to easily and fast optimize the inventory incurred costs (Diks & de Kok, 1999). 

Erkip, Hausman, & Nahmias (1990) differed from the model by Eppen and Schrage (1981) by 

allowing correlated demands both across warehouses as well as in time.  

Service level 

The studies focusing on the service level constraint as an input parameter are smaller in number 

than those focusing solely on cost optimization. There are three main groups of service level 

definitions, defined as: α, β and γ. α refers to the probability of not being out of stock in a given 

period, the fraction of demand satisfied directly from stock on hand is the β service level, also 

called fill rate. (1-γ) refers to the fraction of demand being on backorder each period (Bijvank, 

2014). This literature review will only focus on studies where the fill rate (i.e. 𝛽) is used as a 

performance parameter because in practice this service criterion is often used (Verrijdt & de 

Kok, 1996).  

Several research papers were written on the topic of optimizing inventory when target service 

levels are implemented. Verrijdt & de Kok (1996), for example, discuss a two-echelon 

distribution network with one central depot that holds no stock, which allocates the incoming 

goods to a number of end stock points. They also generalize the concept of imbalance, which is 

the occurrence of negative allocation quantities after application of a straightforward allocation 

policy. This model is later extended by van der Heijden (1997), where central stock is allowed 

and more than two echelons are possible in the network. The result of holding central stock in 

the depot is that in total the system needs less inventory to reach the same fill rate requirement 

(van der Heijden, 1997). The total allocation problem was split into two sub problems: firstly, 

the rationing fractions that minimize the total system imbalance were considered and secondly, 

the optimization of the order-up-to levels such that the fill rate required was achieved. It is 

concluded that the extension of the topic of balanced stock rationing mentioned by van der 

Heijden (1997) is considered to be the most accurate model determined through an extensive 

numerical experiment by van der Heijden & de Kok (1997). This approach for optimal 

inventories in multi-echelon distribution networks is extended by adding the possibility for 

different shipping frequencies at the different levels in a two-echelon network. This resulted in 

the reduction of inventory imbalance and is often practically valid (van der Heijden, 1999).  
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2.4 Conclusion Literature review 

Concluding, there is a great opportunity for fast fashion companies to move their business to 

Sub-Saharan Africa because of the increase in wealth and the changing consumer preferences 

because of this. However there are challenges to be faced concerning the implementation of fast 

fashion in Sub-Saharan Africa, because of the business culture and structure. Examples are long, 

complex supply chains in the traditional retail channel, non-availability of information and 

informal business relations. In order to be able to effectively manage the inventory under these 

circumstances a suitable inventory control policy that fits the company and circumstances 

under consideration has to be chosen.  
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3 Research approach 

This chapter elaborates on the models and methods used to complete this master’s thesis. In 

section 3.1 the research strategy is explained. This results in the need for a case study to draw 

conclusions from. In section 3.2 the method used for analyzing the chosen case study is 

elaborated on. In the final section, the model chosen to optimize inventories is described.   

3.1 Research strategy 

In order to answer the research question the reflective cycle is used (van Aken, 1994). This 

approach is useful to validate instrumental hypotheses in applied sciences where it is difficult to 

verify whether a specific means is effective to reach a required end (Kerssens- van Drongelen, 

2001). The reflective cycle is a research approach that uses case studies in which the cases 

concern problems solved with the regulative cycles. These regulative cycles are then combined 

and reflected on in order to draw conclusions about the general theory (Kerssens- van 

Drongelen, 2001). In Figure 2 the reflective cycle is shown.  

 

Figure 2: Reflective cycle overview (van Aken, 1994) 

 

The regulative cycle is basically a problem solving strategy (van Strien, 1986). Firstly, it starts 

with a set of problems. Secondly from this set a problem has to be chosen to create a problem 

definition. Thirdly, the diagnosis of the problem and its context is done. Fourthly, an 

improvement plan or solution is designed. Fifthly, this plan is implemented. Finally, an 

evaluation of the improvement is done. From this regulative cycle the reflective cycle adds the 

steps of reflection and determining design knowledge in order to generalize the findings of the 

single regulative cycle.   
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3.2 Case selection and analysis 

As required by the reflective cycle a case study was used in order to draw general conclusions. 

In this thesis a fast fashion company active in West Africa has been chosen to be the business 

case. The challenges that this company faces are similar to the ones laid out in the previous 

chapters. Therefore, this focal company is representative for companies trying to operate a fast 

fashion distribution network in Sub-Saharan Africa. The company was analyzed in order to 

provide knowledge about the existing distribution network structure and performance, and a 

plan for improvement of the inventory management was suggested. This plan contains a 

mathematical model that optimizes the inventory control in the distribution network. The 

results from this model were analyzed and conclusions that answer the research question were 

drawn.  

In order to find a representative case study it is important to check whether the challenges and 

improvements made at the company can indeed be combined to draw general conclusions. 

Also, when starting a supply chain improvement process it is important to have a clear view of 

company, the structure of the existing supply chain and its performance (Sürie & Wagner, 

2008). For these reasons a thorough analysis of the current situation of the supply chain and its 

performance was necessary. This consists of six parts and can be found in chapter 4:  

1. Focal company description 

2. Fast fashion brand 

3. Product hierarchy 

4. Supply chain structure 

5. Current situation and challenges 

6. Performance measurement 
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3.3 Data collection 

In order to gather the necessary data, several methods were applied. Firstly, several 

unstructured interviews with employees of the focal company in the Netherlands were 

conducted. Secondly, the information system and various internal strategy documents were 

consulted. Thirdly, a research trip to the production and distribution facilities in Ghana 

provided validation, additional information and data to be able to conduct the performance 

analysis and the inventory optimization 

On this research trip in order to get a full understanding of the processes concerned, several 

unstructured interviews with employees of the company were performed. Moreover, raw data 

was acquired that allowed more in depth and objective insights in the processes. Table 2 

presents an overview of the collection methods, including the accompanied sources and goals 

(also see appendix A for more information on the fruits of the research trip). 

Type of data 
collection 

Source Goal 

Unstructured 
interviews 

Employees in the Netherlands and 
Ghana (see Appendix A) 

General information and background on company 
(strategy, history, etc.) 

Understanding the supply chain structure 

Sales data (Ghana) Production data (Ghana) 

Inventory positions 

Import- & export data 

Reporting Strategy documents and the information 
system 

General information and background on company 
(strategy, history, etc.) 

Understanding the supply chain structure 

Information on product hierarchy 

Table 2: Summary of data collection 
 

The level of aggregation of the data was in some cases too high to use for the analysis or in the 

model. Therefore, some of the data that was used was estimated according to other available 

information or estimates from employees of the company that work every day with the 

information that is required.  
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4 Company analysis 

In this chapter the focal company, Vlisco Group, and its fast fashion brand Woodin – which 

forms the business case for this master’s thesis – is described. The history, the mission and the 

strategy of Vlisco Group are discussed in section 4.1. In the second section a more in depth 

description of Woodin is given. Here, the product hierarchy is given in order to clarify the levels 

of aggregation that are being used. This is needed because of the expected lack of data, which 

makes it impossible to control the supply chain on a detailed level. After that, Woodin’s 

distribution network inside the scope of this thesis is elaborated on. Section 4.3 elaborates on the 

current situation and problems that are faced in Woodin’s supply chain. These are similar to the 

challenges of doing business in an emerging market as described in the literature review in 

chapter 2.2. In the fourth section the scope of the performance analysis is elaborated on. The 

fifth and sixth sections entail a performance analysis regarding the supply chain with an 

emphasis on inventory.  

4.1  Company description1 

In 1846 Vlisco was founded by Pieter Fentener van Vlissingen. Its purpose was to produce 

hand-printed batik fabrics and supply them to the Dutch East Indies (Indonesia). Due to African 

soldiers stationed in Indonesia who brought the Vlisco fabrics to Africa, a new market was 

born. Around 1900, the decision was made to fully focus on West Africa and retire from the 

Indonesian market. By the time of 1954, already more than 50% of total production was 

destined to go to West Africa. Since then the West African market continued to grow more 

important and currently more than 80% of sales is realized in West African countries. There are 

four brands in the Vlisco Group: Vlisco, Woodin, Uniwax and GTP. Vlisco is produced in the 

Netherlands and the other brands in Ghana and Côtes d’Ivoir.  

The Vlisco Group designs, produces and distributes fashion fabrics for the West African market 

and African consumers in metropolitan cities like New York, Paris and London. Its mission is to 

inspire and connect the world through design. Vlisco’s management recognizes Africa as the 

main emerging market economically as well as a source of inspiration. As a result of their 170 

year old heritage with Africa they are in an ideal position to capitalize on this. Therefore, the 

company’s ambition is to become the leading fashion brand in Africa and become a recognized 

player in the global fashion industry in the long term (Vlisco Group, 2014). 

In order to facilitate this mission a strategy has been created. The strategy contains the goals to 

both grow in the wholesale channel as well as in the retail channel in the coming years. The 

performance of the supply chain is a strategic focal point. In order to increase the performance 

                                                      

1 Statements made in this section are based on internal strategy documents from the Vlisco Group B.V. 
(Vlisco Group, 2014). 
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of the company the supply chain strategy envisions aligning the globally operating supply 

chain to satisfy customers demand, “To make, buy and sell everything everywhere” (Vlisco 

Group, 2014). A second strategic change that the Vlisco Group is going through is the change 

from a 100% push to market strategy to a design which relies on the customer demand to 

indicate distribution. In order to facilitate these strategic decisions major alterations to the 

physical organization and the management of the supply chain have to be made. Although 

major improvements were made in the past, it is presumed that the distribution network is far 

from ideal and it would be valuable to know the current performance of the current distribution 

network and look for room for improvement.  

4.2 Woodin  

The case considered in this thesis is the distribution network of the brand Woodin. Woodin is a 

part of the Vlisco Group and was established in 1985. Since then it has been working on the 

design and fabrication of trendy African prints for the mid-market segment. Its vision is to 

translate fashion trends to wax fabrics to celebrate the iconic status and highlight accessible 

African elegance with the ambition to be the undisputed leader for Ivorian prints in Africa. It is 

defined by four key values that drive the brand, namely: Elegance, Open minded, Reliability 

and African “joie de vivre”. The style of the products can also be defined by four key words, 

which are: diversity, proud, vibrant and confident. It strives to be a fast fashion brand with 

accessible and affordable products.  

4.2.1 Woodin product hierarchy 

The product hierarchy for the Woodin brand is based on two pillars as shown in Figure 3. The 

first is fabrics products, the second is non-fabric products which are also referred to as Ready to 

Wear (RTW). Fabrics are pieces of dyed cloth that are sold as they are. The measurement units 

of RTW and fabrics are different, RTW is measured per piece while the fabrics are measured per 

yard (i.e. approximately 91 cm). Fabrics are sold through wholesale and retail channels. RTW 

are garments that are ready made and wearable on purchase, for example shirts or trousers, 

which are only sold in the retail stores. The RTW segment has six different product groups 

which are based on target consumer groups, namely: men’s wear, ladies wear, T-shirts, kids 

wear, accessories and others. The rest of the product hierarchy for RTW is consistent with the 

hierarchical groups for the fabrics segment. The fabrics segment also consists of six product 

groups: metallic 100% cotton (metallic), non-metallic 100% cotton (non-metallic), institutions, 

other – not 100% cotton, plain dyed and fents/tabs (F/T). Metallic, non-metallic, and plain dyed 

cloth are sold in all store types. The names are based on the production type metallic has parts 

of metallic paint on it and plain dyed is only dyed in one color. The group ‘institutions’ consists 

of all products that are exclusively made for one customer, for example cloth for school 

uniforms for one particular school. The group fents and tabs are second choice products, fents 

are products with quality issues and tabs is cloth shorter than two yards; they are often sold at a 
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discount. This thesis will consider only the fabrics sales for metallic 100% cotton and non-

metallic 100% cotton because it consists of the majority of the sales and these products are the 

core business of Woodin.  

One level lower is the collection level, one collection consists of more than one design which are 

produced in different color styles. Every design and color combination is normally only 

produced once. This means that there are no repeated orders, although it does happen that a 

very similar design replaces the previous design. The remaining lower levels are only 

interesting for product coding and the production process, therefore these levels are not 

considered in this thesis. 
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Figure 3: Woodin product hierarchy 

 

4.2.2  Woodin supply chain 

Woodin is an independently operating brand which currently uses two production facilities 

owned by the Vlisco Group, namely the facilities where the other brands GTP and Uniwax are 

produced. Annually Woodin has a turnover of around 20 million euros. The annual sales are 

built up by approximately 7 million yards of fabric and 185,000 pieces of RTW.  
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Figure 4 depicts a general overview of Woodin’s supply chain. The supply chain and the 

consumers are based in West Africa. Manufacturing is done at the Uniwax factory based in 

Côtes d’Ivoir and the GTP factory in Ghana. Woodin uses production capacity from these 

facilities. The central warehouses are located near these facilities. From there on, two sales paths 

exist. The first route to market is sales to local warehouses where goods are sold to wholesalers 

or traders, which consists of around 50% of the turnover. From the point where the wholesalers 

buy the products Woodin loses the control and the overview of the product’s route to market. 

Normally the wholesalers reach the end-customers through open-air markets where mostly 

saleswomen sell the fabrics. The second route to market is through Woodin’s own retail 

channel. For example, Woodin owns 12 shops in Ghana and more shops in other countries.  

Manufacturing
RCI/GH

Central 
Warehouses

RCI/GH

Own 
Retail

Traders / 
whole-
salers

ConsumersSource

Local 
ware-

houses

 

Figure 4: general overview Woodin supply chain 

 

The supply chain from manufacturing to sales to either wholesalers or through own retail is 

owned and operated by the Vlisco Group, though several parties within the Vlisco Group are 

involved. The planning and execution of the production is done by the Woodin product 

management, but the distribution- and retail sales in countries other than Ghana and Côtes 

d’Ivoir and all wholesale sales are done by Vlisco owned local sales companies (VACs) which 

are operating in the name of the Vlisco Group (Vlisco, Woodin, GTP and Uniwax). The division 

of this supply chain into separate independently operating sub-companies leads to an inefficient 

information flow and supply chain process. In appendix B a more detailed figure is given which 

elaborates on the precise flows and nodes in the supply chain of Woodin.  
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4.3 Current situation and problems 

Woodin’s goal is to be a fast fashion brand. However, it is presumed that there is inefficiency in 

processes in Woodin’s supply chain which prohibits the supply chain to be a good fast fashion 

supply chain. Figure 5 depicts an Ishikawa (or: fish bone) diagram explaining the reasons for 

the presumption of inefficiency in supply chain processes. This section will elaborate on these 

reasons and give an understanding of the current situation.  

Lack of data availability

Strategic and Organisational Initiatives

Brand/Sales Strategy

Lack of system Support

Vlisco-Group Organisation

High level product 
codes used
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Reallocation of goods
in Ghana internally
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Figure 5: reasons for the presumption of inefficiency in Woodin’s processes 

 

Currently the strategic and tactical planning is made by the product management team (PMT). 

The PMT is responsible for the yearly planning concerning production, supply and sales. They 

act based on present knowledge and on aggregate information. Because of the lack of detailed 

data it is not possible to adjust the tactical planning for short term (operational) planning. There 

is a lack of such information in many parts of the supply chain. Moreover, no detailed sales data 

is available. The most detailed sales data is information on the weekly sales per product group. 

This means that for example in the RTW segment it is only known how many pieces of men’s 

wear are sold each week but not whether this was a trousers or a shirt, this also true for data on 

fabrics. Next to sales data no detailed information about shipments, ordering and inventory 

positions are available. This lack of information leads to dependency on tacit knowledge, 

experience and estimations.  

This lack of information, combined with the fact that there are currently no demand based 

processes in place results in the fact that the tactical planning is leading for decisions on the 

operational level. This results in a push system where all the goods are sent to the stores with a 

predetermined frequency and quantity. This push strategy lacks detailed knowledge about the 

performance and relies heavily on human perception and experience. Moreover, it considerably 

lacks flexibility after allocation decisions have been made. Together, this results in a lack of 

control and possibly to inefficiencies. An example of a possible fault in a process of this sort is 

given by Caro & Galien (Caro & Galien, 2010), where store managers request more products 
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than they would actually need based on personal compensation and career prospective; this 

implies that they have the wrong incentives to request replenishment of their inventory.  

In conclusion, the current impossibility to accurately measure the performance of the supply 

chain results in a lack of control. This lack of control raises the presumption that the processes 

could be inefficient.  

4.4 Scope performance analysis 

In order to do a detailed analysis on the distribution network but to still be able to generalize 

the solution, the scope will not include the whole supply chain of Woodin. Firstly, the company 

is active in most of the West African countries but more than 66% of total sales is done in 

Ghana. Also in Ghana the own retail to end consumers is largest, a total of 12 retail stores is 

operating in Ghana alone, compared to eight stores in the other countries combined. The 

distribution across borders is a different matter than inside one country because of loss of time 

and extra effort related dealing with customs borders. Therefore the scope is restricted to 

Ghana. Secondly, since the target of this thesis is to evaluate how to effectively manage 

inventory in a fast fashion distribution network the scope will be restricted to only the 

distribution network with finished goods from production as input. Thirdly, the core business 

of Woodin is the sales of fabrics, with metallic and non-metallic fabrics as its core product 

groups. The available production-, inventory- and sales data on these product groups is much 

more detailed. Therefore, the focus of this analysis lies on the product groups metallic and non-

metallic fabrics.  

4.5 Performance analysis 

In this section the performance of the distribution network is analyzed. The sales are elaborated 

on. The responsiveness and the agility of the supply chain are also considered, because they can 

influence the inventory greatly.  

4.5.1 Sales 

As mentioned before there are, on the most aggregated level, two types of products. Those 

types are ready to wear (RTW) and fabrics. The products are either sold through the wholesale 

channel (only fabrics) or the retail channel (fabrics and RTW). In Figure 6 the volume sales and 

turnovers per product segment and shop type are presented. It seems that the fraction of sales 

per product category and per store type stayed steady over 2013 and 2014. This is important 

because this means that the results for the year 2013 are generalizable.  
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Figure 6: share of total sales volume (left) and turnover (right) for product segments and store types 

 

However, in the scope of this project as mentioned previously not all products are included. 

The focus lies on the segment fabrics, especially the product groups metallic 100% cotton and 

non-metallic 100% cotton are considered because they are, on the fabrics side, the core business 

of Woodin, from here on out the word fabrics will mean only these two product groups.  

Seasonal peak 

From conversations with employees of the company in the Netherlands as well on the research 

trip to the company in Ghana it became clear that seasonality plays a large role in the operations 

of the company. This was confirmed using the gathered weekly sales data, which is 

summarized in Figure 7. 

 

Figure 7: sales volumes 2013  
 

From this figure it can be seen that in the last weeks (week 49 to 53) the sales are much higher 

than in the rest of the year. Also in week 41 a peak can be seen. This end of year sales is most 

likely affiliated to the holiday season where people buy gifts for their relatives. The normal sales 

level can be described as the sales in the period of week 2 until week 48, excluding week 41. The 

average sales in that period is 50,434 yards of fabrics per week. 
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Sales per store type 

From Figure 8 and Figure 9 it can be concluded that the fabrics and non-fabrics goods follow the 

same sales and seasonality pattern, namely the end of year boost in sales. Interestingly, the rest 

of the year’s retail sales look stationary. According to the employees, the sales of the Vlisco 

brand are subject to many seasonal peaks and troughs. It is very interesting to see that, except 

for a very small peak for mother’s day in May, this is not the case for the Woodin brand where 

only one seasonal peak at the end of the year is experienced.  

 

Figure 8: fabrics retail sales in 2013 

 

 

Figure 9: fabrics wholesale sales in 2013 
 

When looking at the wholesale sales it can be seen that there is much more fluctuation in the 

sales. This could be the Bullwhip effect (Fransoo & Wouters, 2000), which is calculated below 

compared to the variance of demand of the customer at the retail stores. 

𝐵𝑢𝑙𝑙𝑤ℎ𝑖𝑝 =

𝜎𝑤ℎ𝑜𝑙𝑒𝑠𝑎𝑙𝑒
𝜇𝑤ℎ𝑜𝑙𝑒𝑠𝑎𝑙𝑒

𝜎 𝑟𝑒𝑡𝑎𝑖𝑙
𝜇 𝑟𝑒𝑡𝑎𝑖𝑙

⁄ = 1.83 

This means that the standard deviation of the wholesale sales is 1.83 times as large as the 

standard deviation at the retail stores. This has been measured for 2013 and only the off season 

(weeks 1, 41 and 49-53 not included). Another matter is that there are two peaks in the graph 

around the end of the year. The last peak is the same end of year peak as in the retail sales 

graph. The one before that (week 41) is most likely because of the delay to market for the 

wholesale buyers to their own customers. 
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4.5.2 Responsiveness 

Responsiveness measures the speed at which repeated tasks are performed (Supply Chain 

Council, 2012). Cycle time is the mayor performance indicator of responsiveness. In the case of 

Woodin, the total lead time for a product is the measure for responsiveness. The lead times are 

shown in Table 3.  

Fabrics  

Design 6-7 weeks 

Sourcing/production 6 weeks 

Delivery 1 day 

Table 3: Lead times 

4.5.3 Agility 

The agility category contains two performance indicators, namely: adaptability and flexibility. 

Adaptability deals with the range of change in output that can be realized within a fairly short 

period, the SCOR model takes a period of 30 days for this. The flexibility on the other hand 

concerns the time it takes to increase or decrease the output volume to a certain level. The 

outcomes of this for Woodin are qualitative and described next.  

Adaptability 

Manufacturing facilities in Ghana are currently producing at maximum capacity. The bottleneck 

machines, for example the ones for pre-treatment, are running seven days a week, resulting in a 

production upside supply chain adaptability of zero. This means that within a short time (30 

days) it is not possible to increase production output. It is however possible to decrease the 

production at the plant in Ghana. According to the production manager it is possible to 

decrease production capacity by 4 million yards per year, by only reducing overtime and not 

having to fire staff. For transportation the adaptability is large. Transportation is done by a third 

party. It is assumed that this third party can up- and downscale their transportation capacity by 

any amount within a very short period.  

Flexibility 

As discussed above it is not possible to increase the production output within a short time. If it 

would be required to increase the production capacity however this would require new 

production resources (e.g. machines, personnel etc.). This would require large investments 

which take a long time to get approved. Moreover, the time it takes to buy new machines and to 

hire new personnel will take at least one year to complete. The transportation is planned 

weekly. This means that the time it would take to increase or decrease transportation capacity is 

one week.  
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4.6 Inventory analysis 

This section elaborates on the performance of the inventory management at Woodin.  

4.6.1 Inventory development 

Figure 10 shows the graph of the total inventory and sales of fabrics. 

  

Figure 10: fabrics inventory & sales 
 

It can be seen that the inventory at the beginning of the years 2013 and 2014 is lower than at 

other points in the year. This is mainly because of the end of year peak in sales that is 

experienced and explained in the sales section of this chapter. Furthermore, in 2013 the 

inventory grows in the first half year and then is much lower for the rest of the year. This is 

mainly because the exports are higher in the second half year with a peak around week 26, 

probably as preparations for the end of year sales peak.  

4.6.2 Inventory identification 

Before optimizing the inventory in the system it is interesting to know whether the current 

average inventory in the system is too high or whether it is correct. In order to do this separate 

kinds of stock components can be identified according to the motives of stock keeping (Sürie & 

Wagner, 2008). There are five components that are important for the analysis of the Woodin 

network, the components and their motives are explained in Table 4.  

Component Benefits 

Cycle stock Reduced setup time and cost 

Transportation lot-sizing stock Reduced transportation cost 

Inventory in transit Reduced transportation cost 

Seasonal stock Reduced cost for overtime and investments 

Safety stock Increased service level, reduced costs for emergency shipments and 
lost sales.  

Table 4: stock components and their benefits (Sürie & Wagner, 2008) 
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The one component that is not taken into account is the component of work in process 

mentioned in Sürie & Wagner (2008). This is because the scope of this thesis takes only the 

finished goods after production in to account.  

The sales pattern suggests that there is seasonality at the end of the calendar year and that the 

rest of the year is fairly stationary. So in order to find the “normal” stock components we will 

use the average sales based on this stationary demand. The seasonal component will add to this 

stationary the necessary amount to hedge for the end of year sales.  

Cycle stock 

The cycle stock is the inventory that is used to cover the demand between two consecutive 

production runs of the same product (Sürie & Wagner, 2008). This means that if a product is 

produced every two weeks, the amount that it has to be produced in (lot-size) has to be enough 

to cover two weeks of demand. The average cycle stock is then: 𝐶𝑆 =
𝑞𝑝

2
, where 𝑞𝑝 is the average 

lot-size. The average lot size can be calculated from the total number of production setups (𝑠𝑢) 

and the total demand in a period (𝑑𝑝): 𝑞𝑝 = 𝑑𝑝/𝑠𝑢.  

In the case of Woodin the demand for fabrics and in the time period under consideration is 

51,510 yards of fabrics per week.  

𝒑𝒆𝒓𝒊𝒐𝒅 = 𝟏 𝒘𝒆𝒆𝒌 
𝑑𝑝 = 50,434 

𝑠𝑢 =
1

3.5
= 0.286 

 

𝑞𝑝 =
50,434

0.286
= 176,343 

 

𝐶𝑆𝑓𝑎𝑏𝑟𝑖𝑐𝑠 =
176,343

2
= 88,172 yards 

Lot-sizing stock 

The same principle of reducing the amount of fixed costs per lot as with the cycle stock applies 

to transportation links. Each truck causes some amount of fixed costs which arise for a transport 

from warehouse A to warehouse B. If this truck is only loaded partially, then the cost per unit 

shipped is higher than for a full truckload. The average transportation quantity 𝑞𝑡 is the number 

of shipments (𝑠). In this aspect again only the stationary demand outside of the end of year peak 

will be considered. For details on the separate TLS values of the local stock points see appendix 

C.  

𝒒𝒕 = 𝑻𝑳𝑺 = 𝑻𝒓𝒂𝒏𝒔𝒑𝒐𝒓𝒕 𝑳𝒐𝒕𝑺𝒊𝒛𝒊𝒏𝒈 𝑺𝒕𝒐𝒄𝒌, 
𝑑𝑡 = 𝑑𝑒𝑚𝑎𝑛𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡, 
𝑡 = 46 𝑤𝑒𝑒𝑘𝑠 
𝑠 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠ℎ𝑖𝑝𝑚𝑒𝑛𝑡𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡 (1, 2 𝑜𝑟 5 𝑡𝑖𝑚𝑒𝑠 𝑎 𝑤𝑒𝑒𝑘) 
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𝑞𝑡 = 𝑑𝑡/𝑠 
𝑞𝑡𝑜𝑡𝑎𝑙

𝑡 = 16,266 𝑦𝑎𝑟𝑑𝑠 

Inventory in transit 

The inventory in transit is calculated by multiplying the average transportation time by the 

average demand. This results in a total inventory in transit of:  

𝐼𝑇 = 3,831 𝑦𝑎𝑟𝑑𝑠 

For more details on the inventory in transit to the different locations see appendix C.  

Seasonal stock 

The assumption is that, because the lead times to the points of sales are short (i.e. one day), the 

capacity of transportation is sufficient and the bottle neck of the supply chain is the production 

of finished goods. The seasonal stock will only affect the warehouse which is directly after the 

production. Because production has to work the whole year round (all 53 weeks) to produce 

enough for the seasonal spike at the end of the year the inventory throughout the whole year is 

affected by this “seasonal stock”. Because the production capacity, imports and exports are all 

on the total fabrics level all the product groups are considered in the calculation of the seasonal 

stock. 

Seasonal stock is the stock that has to be on stock because of capacity restrictions in production. 

The capacity of total production for Woodin is 4.36 million yards of fabrics. This capacity cannot 

be increased and it does not have to be decreased since there is sufficient demand (Employees 

Vlisco Ghana, 2014).  

This 4.36 million yards has to be decreased by the number of yards that is used for exports 
(which is 1,310,042 yards) and increased by the number of yards imported from Ivory Coast 
(which is 41,933 yards). Also the capacity used for production of Fabrics for RTW is reduced 
from the total capacity: 

𝐹𝑎𝑏𝑟𝑖𝑐𝑠 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝐺ℎ𝑎𝑛𝑎 = 𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 − 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 + 𝑖𝑚𝑝𝑜𝑟𝑡𝑠 − 𝑓𝑎𝑏𝑟𝑖𝑐𝑠 𝑓𝑜𝑟 𝑅𝑇𝑊  

𝐹𝑎𝑏𝑟𝑖𝑐𝑠 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝐺ℎ𝑎𝑛𝑎 = 4,360,000 − 1,310,042 + 41,933 − (4,360,000 ∗ 2.85%) = 3,091,766 

This is based on a year with 53 weeks so the weekly average of production is:  

3,091,766

53
= 58,335 𝑦𝑎𝑟𝑑𝑠 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 

 

It can be noted that the demand volume is very close to and even a little over the maximum 

production capacity which means that currently the factory in Ghana is producing at maximum 

capacity. This will have an impact on the capability to cope with seasonal demand and will 

increase the average amount of inventory sizably because variability in demand cannot be 

coped with.  
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Because the production is always at maximum capacity, the output of the factory can be 

calculated quite easily. Also, because the demand for every week is known, the weekly 

inventory can be calculated. In Figure 11 the stock buildup for the last few weeks in the year is 

simulated with the current fixed production capacity and demand. This assumes that the 

exports are evenly divided over the course of the year. This results in an average inventory of 

195,276 yards. 

  

Figure 11: estimated inventory course fabrics, with exports and imports evenly divided over the year (2013). 
 

Because the majority of the exports occur before the few weeks leading up to the sales jump at 

the end of the year, the inventory is looks more like is shown in Figure 12 with an average 

amount of 176,607 yards on stock.  

 

Figure 12: total expected inventory based on production, exports and sales (Woodin fabrics Ghana) 
 

The seasonal stock is the main cause of the huge amount of inventory that is needed to supply 

the customers. Normal “off season” demand is close to the total production capacity, therefore 

it is very difficult to buffer for seasonal variance which causes a huge amount of stock build up  

which is depleted only at the end of the year.  
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Observed safety stock  

Safety stock has to protect against any uncertainty that might arise. Because this is very hard to 

identify exactly, the stock that cannot be identified by the other components is called the 

“observed safety stock”. The other components and their values are shown in Table 5.  

Variable Notation Value 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑠𝑡𝑜𝑐𝑘 𝐴𝑂𝑆 395,884 

𝐶𝑦𝑐𝑙𝑒 𝑠𝑡𝑜𝑐𝑘 𝐶𝑆 88,172 

𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑙𝑜𝑡 𝑠𝑖𝑧𝑒 𝑠𝑡𝑜𝑐𝑘 𝑇𝐿𝑆 16,266 

𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑖𝑛 t𝑟𝑎𝑛𝑠𝑖𝑡 𝐼𝑇 3,831 

𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 𝑆𝑆 176,607 

𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑠𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑂𝑆𝑆          

Table 5: Inventory identification 
 

𝑂𝑆𝑆 = 𝐴𝑂𝑆 − 𝐶𝑆 − TLS − IT − SS 

𝑂𝑆𝑆 = 395.884 − 88.172 − 16.266 − 3.831 − 176.607 = 𝟏𝟏𝟏, 𝟎𝟎𝟖 𝐲𝐚𝐫𝐝𝐬 
 

This number is the observed safety stock. The safety stock protects against uncertainty. The 

observed safety stock seems high, since it is almost 30% of the total stock.  Therefore, to find out 

how much stock should actually be in the system, an optimization of the inventory that takes 

variability into account has to be done. From this optimization an inventory control policy can 

be derived. This will be done in the following chapter.   

4.7 Conclusion company analysis 

It can be stated that Woodin is a fast fashion brand which has established an own form of fast 

fashion management. Normally fast fashion brands are very information driven and rely on 

very detailed and integrated information systems in order to support decision making in the 

supply chain. Woodin however gets similar results, like quick responsiveness, supply of more 

than 20 stores and many unique products coming in stores on a regular basis according to the 

latest fashion, with a push system that pushes the products on to the market without detailed 

sales, shipment or inventory information. The price to pay for this approach is the lack of 

control and in this case a buildup of inventory. 
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5 Inventory control model 

This section discusses the inventory model used for the improvement step. The mathematical 

equations are numbered for ease and cross referencing purposes. The model used is similar to 

the model discussed in Van der Heijden (1999). This was found to be the most appropriate 

model considering the combination of African and company specific characteristics. Firstly, it 

concerns a divergent network consisting of one central depot and multiple non-identical local 

stock points. This is very common in fast fashion distribution networks. Secondly, the 

inventories at all the stock locations are controlled by a periodic review order-up-to (𝑅, 𝑆0) 

policy. When having problems with gathering live sales and inventory data it is easier to use a 

periodic review system, so this is also consistent with reality (Axsäter, 2003). Thirdly, it is 

possible to have more than one shipment to the local stock points in between two 

replenishments in the replenishment cycle of the central depot. This characteristic of the model 

is one that has not been found in other papers and which is thought to be an important attribute 

of the supply chain considered. For the calculations necessary for this model Matlab R2013b 

was used.  

5.1 Model description2 

When considering an inventory allocation policy, two main issues have to be considered:  

1. The balancing between central and local stocks 

2. What to do when there is not sufficient inventory to satisfy all local stock points 

(rationing) 

The model answering these questions and fitting the distribution network under consideration 

is based on Van der Heijden (1999). In this paper the focus lies on a divergent network, 

including different demand, service, and lead time characteristics at the nodes in the network. 

Another characteristic of the model is the possibility for different shipping frequencies between 

replenishments for the central and local stock points. This results in the possibility to benefit of 

both risk pooling during common lead time and during the replenishment time. So the 

allocation of stock to the local stock points is postponed until the order arrives at the central 

depot and it is possible to not allocate the replenishment entirely at once, but to keep part of it 

back to rebalance stock later in time.  

The replenishment of the system is done following a periodic review, order-up-to (𝑅, 𝑆0) policy. 

In every R periods an order is placed raising the echelon inventory position to the level 𝑆0. Then 

it has to be decided how to allocate the inventory to the local stock points. In this allocation 

                                                      

2 This section is based on the model in “Multi-echelon inventory control in divergent systems with 
shipping frequencies” (van der Heijden, 1999). 
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imbalance is avoided as much as possible. “Imbalance is the situation where negative quantities 

should have to be allocated to a local stock point after application of a straight forward 

allocation rule” (van der Heijden, 1997). The model optimizes the allocation policy such that 

costs are minimized while having a minimum target service level. The fill rate (β) is used for the 

measurement of the service level in this case, as was explained in section 2.3.1.  

In short, the model considers a divergent network with one central depot and multiple (𝑁) local 

stock points. The inventories are controlled by a periodic review, order-up-to (𝑅, 𝑆0) policy. This 

means that every R time units a central replacement order is placed at the outside supplier 

which raises the echelon inventory position to a certain level 𝑆0. The echelon inventory position 

is the sum of all central, local and pipeline stocks plus the amount of goods on order at the 

production facility minus the sum of backorders at the local stock points. The assumption is that 

the review period (𝑅) is a given. When the replenishment arrives at the central depot (after a 

deterministic lead time, 𝐿0), three decisions have to be made:  

1. How the replenishment quantity should be allocated to the local stock points.  

2. Which part of the replenishment should be kept at the central depot for later allocation.  

3. At which point in time the remaining inventory should be shipped to the local stock 

points.  

For the first decision, the “balanced stock” rationing rule is used (van der Heijden, 1997). This 

rule consists of two parts: local order-up-to levels 𝑆𝑖 (𝑖 = 1, … , 𝑁) and rationing fractions 

𝑝𝑖  (𝑖 = 1, … , 𝑁). When there is enough inventory available at the central depot, the inventory 

position of each local stock point is raised to the level 𝑆𝑖 and the remaining inventory is kept at 

the depot. However, when there is not enough inventory available at the central depot to raise 

all the local inventory positions to the required level, the inventory is rationed according to the 

rationing fractions. The second decision is modeled by a decision variable ∆0. This represents 

the maximum amount of stock in the central depot immediately after the first allocation to the 

local stock points, when there has been no demand during the lead time of the central 

replenishment order (𝐿0).  

 
∆0 = 𝑆0 − ∑ 𝑆𝑖

𝑁

𝑖=1

 
 ( 1 ) 

The third decision is the choice of the times of the shipment opportunities 𝜏𝑚 (𝑚 = 1, … , 𝑛). 

Both the number of shipment opportunities (𝑛) and the timings (𝜏𝑚) are the decision variables. 

The first two decisions are made at each of the shipment timings using the same rules. Where 

the local inventory positions are raised to either their order-up-to levels 𝑆𝑖 − 𝑝𝑖𝑥, where x 

denotes the total shortage at the central depot.  
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5.2 Assumptions 

The assumptions made in the model are there in order to make the problem an understandable 

and generalizable problem, which can be optimized using mathematical procedures. They are 

the same as in Van der Heijden (1999): 

Firstly, when looking at the demand outside the seasonal peak the demand seems stationary 

(see section 4.5.1, Figure 7). This combined with the results from the Augmented Dickey-Fuller 

test, Phillips-Perron test, KPSS test and the variance ratio test on the sales data outside the 

seasonal peak result to the conclusion that the demand per period over the considered time is 

stochastic and stationary in time. Secondly, generally the distance between the stores is quite 

large. This results in the fact that the demand can be assumed to be independent. Some 

wholesale stores are near to retail stores. However, they serve different customers which will 

not buy from other retail channels than their own. Therefore this assumption still holds. 

Thirdly, normally in apparel sales demand will not be backlogged but a lost sales model will be 

used. However, in the wholesale business, which is around 50% of total sales, it is quite normal 

to backlog demand of customers. Also on the level of aggregation (collection) that is used in this 

thesis this assumption can hold for the retail. Since customers that come to the store and find 

that the collection they wanted to buy from is out of stock, can easily come back another time 

when the item is back in inventory. Fourthly, the actual lead times are not constant. However, 

the company has the policy that the goods that are sent on one day have to be in store on the 

next. Therefore this assumption can be made. Fifthly, shipment is outsourced. As mentioned in 

section 4.4.3 the transportation can scale up and down very far, thus it is assumed that any 

quantity can be ordered and delivered. Also the items can be cut into any quantity needed. 

Sixthly, the shipments are all done on Wednesday (Employees Vlisco Ghana, 2014), therefore it 

can be assumed that the shipments from the central depot occur simultaneously to all local 

stock points. Finally, it can be assumed that the capacity of transportation is infinite. The storage 

in the central depot is also assumed to be infinite. It was noticed that the capacity at the local 

stock points plays a role in the current inventory management. However, it is believed that 

when using the model suggested, capacity will not be a restricting factor. Reasons for this are 

that the capacity is much larger than the average demand per review period and it is likely that 

there are more than one shipment per review period which is considered to bring the local 

inventory down. When there is only one shipment per collection per review period it is very 

unlikely that the shipments for all collections take place in the same week. Therefore this 

assumption is made. However, during the seasonal peak at the end of the year where more 

inventory is needed since demand is much higher, capacity might still be a problem, this is 

however not considered in this thesis.  

In conclusion, the following assumptions are made:  

1. Customer demand will only occur at the local stock points 

2. Demand per period is stochastic and stationary in time 



29 
 

3. Demand is independent across local stock points, across time and across product 

collections.  

4. Demand that cannot be satisfied is backlogged.  

5. Lead times are constant.  

6. Any quantity can be ordered and delivered. 

7. Shipments from the central depot occur simultaneously to all local stock points (i.e. 𝜏𝑚 is 

the same for all local stock points).  

8. There are no capacity constraints on production, storage or transport.  

5.3 Model formulation 

The model consists of three parts: the rationing fractions (𝑝𝑖), the order-up-to levels (𝑆0) and the 

physical stocks in the system.  

5.3.1 The rationing fractions 

In order to find the fitting rationing fractions that minimize the system imbalance many policies 

can be chosen from. The best performing of these policies is the BS rationing policy (van der 

Heijden, 1997). An adaption to this BS rationing policy (BS2 policy) is suggested by van 

Donselaar (van der Heijden, 1997), which performs almost as good as the real BS rationing 

policy and is much easier to implement and compute (van der Heijden, et al., 1997). Therefore, 

this BS2 policy will be used in order to compute the rationing fractions for when there is not 

enough inventory in order to ship a sufficient quantity to the local stock points in order to raise 

all the order-up-to levels (𝑆𝑖) to the required level. The BS2 policy does not minimize the mean 

imbalance as much as possible like the normal BS policy, but minimizes the sum of the 

variances of imbalance caused by the regional warehouses with respect to the rationing 

parameters (which add up to 1):  

Minimize ∑ 𝜎𝑖
2𝑁

𝑖=1  subject to ∑ 𝑝𝑖 = 1𝑁
𝑖=1  

Using the Lagrange multiplier technique this results in:     

 
𝑝𝑖 =

𝜎𝑖
2

2 ∗ ∑ 𝜎𝑖
2𝑁

𝑖=1

+ (
1

2𝑁
)  ( 2 ) 

5.3.2 The order-up-to levels  

In order to determine the order-up-to levels the assumption of no imbalance is made. The 

rationing policy makes sure that the imbalance is minimized therefore this assumption can be 

made. Van der Heijden (1997) mentions that this is a common assumption in the literature. The 

following presents the basic formula that calculates the expected fill rate in a local stock point 𝑖 

from Van der Heijden (1999) based on Clark & Scarf (1960).  
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∑

𝐸[𝑠ℎ𝑜𝑟𝑡𝑎𝑔𝑒 𝑗𝑢𝑠𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 (𝑚 + 1)𝑡ℎ 𝑠ℎ𝑖𝑝𝑚𝑒𝑛𝑡 𝑎𝑟𝑟𝑖𝑣𝑎𝑙
− 𝑠ℎ𝑜𝑟𝑡𝑎𝑔𝑒 𝑗𝑢𝑠𝑡 𝑎𝑓𝑡𝑒𝑟 𝑚𝑡ℎ 𝑠ℎ𝑖𝑝𝑚𝑒𝑛𝑡 𝑎𝑟𝑟𝑖𝑣𝑎𝑙]

𝑛
𝑚=1

𝐸[𝑑𝑒𝑚𝑎𝑛𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑅]
= 1 − 𝛽𝑖 

( 3 ) 

 

The expected demand during 𝑅 is 𝑅𝜇𝑖 for stock point 𝑖. Which results in the equation below:   

 
∑ 𝛾𝑚𝐴𝑖𝑚 + ∑ 𝛼𝑚𝐵𝑖𝑚

𝑛

𝑚=1

= 1 − 𝛽𝑖

𝑛

𝑚=1

  ( 4 ) 

Where: 

𝛼𝑚 probability that rationing occurs at the 𝑚th shipment opportunity 𝜏𝑚 

𝛾𝑚 probability that rationing has not yet occurred at 𝜏𝑚 

𝐴𝑖𝑚 difference between the expected shortage just before the (𝑚 + 1)th shipment arrival and 

just after the 𝑚th shipment arrival at local stock point 𝑖, if rationing is not required yet at 

𝜏𝑚 

𝐵𝑖𝑚 difference between the expected shortage just before the (𝑚 + 1)th shipment arrival and 

just after the 𝑚th shipment arrival at local stock point 𝑖, if rationg occurs at 𝜏𝑚 

In this case:  

 𝛼𝑚 = 𝑃{𝐷0[0, 𝜏𝑚−1] ≤ ∆0< 𝐷0[0, 𝜏𝑚]}  ( 5 ) 

 
𝛾𝑚 = 1 − ∑ 𝛼𝑘

𝑚

𝑘=1

= 𝑃{𝐷0[0, 𝜏𝑚] ≤  ∆0}  ( 6 ) 

 

If rationing is not yet required at 𝜏𝑚, the local inventory position can be raised to 𝑆𝑖. Therefore 

the inventory level just after the 𝑚th shipment arrival is equal to 𝑆𝑖 − 𝐷𝑖[𝜏𝑚, 𝜏𝑚 + 𝐿𝑖] and just 

before the (𝑚 + 1)th shipment arrival it is equal to 𝑆𝑖 − 𝐷𝑖[𝜏𝑚, 𝜏𝑚+1 + 𝐿𝑖]. It can be possible that 

𝜏𝑚 = 𝜏𝑛 in this case equals 𝜏𝑛+1 = 𝑅 + 𝜏1. This results in the following formula for 𝐴𝑖𝑚:  

 𝐴𝑖𝑚 = 𝐸(𝐷𝑖[𝜏𝑚, 𝜏𝑚+1 + 𝐿𝑖] − 𝑆𝑖)+ − 𝐸(𝐷𝑖[𝜏𝑚, 𝜏𝑚 + 𝐿𝑖] − 𝑆𝑖)+  ( 7 ) 

 

For 𝐵𝑖𝑚, where rationing is required at 𝜏𝑚, the local inventory can only be raised to the level 

𝑆𝑖 − 𝑝𝑖(𝐷0
𝑐[0, 𝜏𝑚] − ∆0) and then the next shipment occurs at 𝑅 + 𝜏1. This results in the formula:  

 𝐵𝑖𝑚 = 𝐸 (𝐷𝑖[𝜏𝑚, 𝑅 + 𝜏1 + 𝐿𝑖] + 𝑝𝑖(𝐷0
𝐶[0, 𝜏𝑚] − ∆0)

+
− 𝑆𝑖)

+

− 𝐸 (𝐷𝑖[𝜏𝑚, 𝜏𝑚 + 𝐿𝑖] + 𝑝𝑖(𝐷0
𝐶[0, 𝜏𝑚] − ∆0)

+
− 𝑆𝑖)

+
 

 ( 8 ) 

 

Where 𝐷0
𝐶[0, 𝜏𝑚] = 𝐷0[0, 𝜏𝑚]|𝐷0[0, 𝜏𝑚−1] ≤ ∆0< 𝐷0[0, 𝜏𝑚]  
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Equation 4 can be calculated using equations 5-8. The various random variables are 

approximated by using a two-moment fit. The phase-type distributions (Erlang mixtures) can 

be used to make approximations of the random variables considered (Tijms, 1994).  

Equations 7 and 8 are however not approximated like in van der Heijden (1999), but they are 

calculated exactly. This is because the calculation power of computers has increased 

significantly and the calculations that previously could not be done within a reasonable time are 

now doable. This leads to the translation of equations 7 and 8 to the following:  

Translation of equation 7:  

 
𝐴𝑖𝑚 = ∫ (𝑥1 − 𝑆𝑖) 𝑓𝑥1

(𝑥1)𝑑𝑥1

∞

𝑆𝑖

− ∫ (𝑥2 − 𝑆𝑖)
∞

𝑆𝑖

 𝑓𝑥2
 𝑑𝑥2  ( 9 ) 

𝑥1 = 𝐷𝑖[𝜏𝑚, 𝜏𝑚+1 + 𝐿𝑖] 

𝑥2 = 𝐷𝑖[𝜏𝑚, 𝜏𝑚 + 𝐿𝑖] 

Which are random variables and are approximated by mixed Erlang distributions (Tijms, 1994).  

Translation of equation 8:  

 𝐵𝑖𝑚 = 𝐸(𝑥1 + 𝑝𝑖(𝑦 − ∆0)+ − 𝑆𝑖)+ − (𝑥2 + 𝑝𝑖(𝑦 − ∆0)+ − 𝑆𝑖)+ 

= (∫ ∫ (𝑥1 + 𝑝𝑖(𝑦 − ∆0) − 𝑆𝑖)𝑓𝑥1
(𝑥1)𝑓𝑦(𝑦)𝑑𝑥1𝑑𝑦

∞

𝑆𝑖−𝑝𝑖(𝑦−∆0)

∞

∆0

 

+ ∫ ∫ (𝑥1 − 𝑆𝑖)
∞

𝑆𝑖−𝑝𝑖(𝑦−∆0)

∆0

0

𝑓𝑥1
(𝑥1)𝑓𝑦(𝑦) 𝑑𝑥1𝑑𝑦) 

− (∫ ∫ (𝑥2 + 𝑝𝑖(𝑦 − ∆0) − 𝑆𝑖)𝑓𝑥2
(𝑥2)𝑓𝑦(𝑦)𝑑𝑥2𝑑𝑦

∞

𝑆𝑖−𝑝𝑖(𝑦−∆0)

∞

∆0

 

+ ∫ ∫ (𝑥2 − 𝑆𝑖)
∞

𝑆𝑖−𝑝𝑖(𝑦−∆0)

∆0

0

𝑓𝑥2
(𝑥2)𝑓𝑦(𝑦) 𝑑𝑥2𝑑𝑦) 

 

 ( 10 ) 

Where:   

𝑥1 = 𝐷𝑖[𝜏𝑚, 𝑅 + 𝜏1 + 𝐿𝑖] 

𝑥2 = 𝐷𝑖[𝜏𝑚, 𝜏𝑚 + 𝐿𝑖] 

𝑦 = 𝐷0
𝐶[0, 𝜏𝑚] = 𝐷0[0, 𝜏𝑚]|𝐷0[0, 𝜏𝑚−1] ≤ ∆0< 𝐷0[0, 𝜏𝑚] 

The service level can be calculated by equation 4. The target service level is reached by finding 

the first 𝑆𝑖 that brings the network above the target service level. In Van der Heijden (1999) this 

is done by a nested bi-section. For this thesis an easy procedure has been used, namely first 

calculating 𝛽 with 𝑆𝑖 in steps of 100, then when 𝛽 > 𝛽𝑡𝑎𝑟𝑔𝑒𝑡 reducing 𝑆𝑖 with 100 and increase 

with steps of 10 and after that steps of 1. This results in a fairly quick approach to the right 

order-up-to level 𝑆𝑖.  
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5.3.3 Physical stocks in the network 

This section deals with the mean physical stocks in the network. For the average inventory is 

divided for the three different parts of the distribution network when using this inventory 

control policy. This section’s stock calculations take into account: the cycle stock, the lot-sizing 

stock, the pipeline stock and the safety stock. Because this model does not take the seasonality 

into account this has to be added to the outcome of the calculations of the calculations in this 

section when comparing the actual stock to the optimal (average) inventory levels.  

The stocks at the different locations are calculated separately. Firstly, the average central stock 

level (Ψ0) is given by:  

 
Ψ0 =

1

𝑅
{𝑟1(𝐸(∆0 − 𝐷0[0, 𝜏𝑛])+ + 𝑅𝜇0) + ∑ 𝑟𝑚𝐸(∆0 − 𝐷0[0, 𝜏𝑚−1])+

𝑛+1

𝑚=2
}  ( 11 ) 

 

𝑟𝑚 denotes the interval length of the 𝑚th interval which is the interval before 𝜏𝑚.   

𝑟1 = 𝜏1 − 𝐿0,    𝑟𝑛+1 = 𝑅 + 𝐿0 − 𝜏𝑛,   𝑟𝑚 = 𝜏𝑚 − 𝜏𝑚−1 (it can be that 𝜏1 = 𝐿0 then 𝑟1 = 0).  

Secondly, when calculating the average local stocks the intervals between the shipments are 

also considered. The average inventory in a local stock point 𝑖 can be calculated as:  

 
Ψ𝑖 =

1

𝑅
∑ (𝜏𝑚+1 − 𝜏𝑚) Ψ𝑖,𝑚

𝑛

𝑚=1

  ( 12 ) 

 

Where Ψ𝑖,𝑚 denotes the mean physical stock of local stock point 𝑖 in the 𝑚th interval. In order to 

approximate these values, an approximation called the Simpson’s rule is used (van der Heijden 

& de Kok, 1997).  In this approximation the expected physical stock at the start, halfway and at 

the end of a sub cycle is calculated. This results in the following formula:  

 
Ψ𝑖 =

1

6𝑅
∑ (𝜏𝑚+1 − 𝜏𝑚) (𝐼𝑖,𝑚1

+ 4𝐼𝑖,𝑚2
+ 𝐼𝑖,𝑚3

)

𝑛

𝑚=1

  ( 13 ) 

 

𝐼𝑖,𝑚1
, 𝐼𝑖,𝑚2

𝑎𝑛𝑑 𝐼𝑖,𝑚3
 are given as:  

𝐼𝑖,𝑚1
= 𝛾𝑚𝐸(𝑆𝑖 − 𝐷𝑖[𝜏𝑚, 𝜏𝑚 + 𝐿𝑖])+

+ (1 − γm)𝐸(𝑆𝑖 − 𝑝𝑖(𝐷0[0, 𝜏𝑚] − ∆0)+ − 𝐷𝑖[𝜏𝑚, 𝜏𝑚 + 𝐿𝑖])+  ( 14 ) 

  

𝐼𝑖,𝑚2
= 𝛾𝑚𝐸 (𝑆𝑖 − 𝐷𝑖 [𝜏𝑚,

1

2
(𝜏𝑚+1 + 𝜏𝑚) + 𝐿𝑖])

+

+ (1 − γm)𝐸 (𝑆𝑖 − 𝑝𝑖(𝐷0[0, 𝜏𝑚] − ∆0)+ − 𝐷𝑖 [𝜏𝑚,
1

2
(𝜏𝑚+1 + 𝜏𝑚) + 𝐿𝑖])

+

 

 

 ( 15 ) 



33 
 

𝐼𝑖,𝑚3
= 𝛾𝑚𝐸(𝑆𝑖 − 𝐷𝑖[𝜏𝑚, 𝜏𝑚+1 + 𝐿𝑖])+

+ (1 − γm)𝐸(𝑆𝑖 − 𝑝𝑖(𝐷0[0, 𝜏𝑚] − ∆0)+ − 𝐷𝑖[𝜏𝑚, 𝜏𝑚+1 + 𝐿𝑖])+  ( 16 ) 

 

 

Finally, the average stock in the pipeline between the central depot and local stock points is 

found with the Little’s Law: 

 
Ψ𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒 = ∑ 𝐿𝑖𝜇𝑖

𝑁

𝑖=1

  ( 17 ) 

5.3.4 Demand approximation 

The demand in a specific time frame 𝐷𝑖[𝑡1, 𝑡2] is approximated using a two-moment fit with 

phase type distributions. A mixture of Erlang distributions (𝐸𝑘−1,𝑘) is commonly used in 

literature (Adan & Resing, 2010), with the probability density function:  

 
𝑓(𝑥) = 𝑝𝑓𝑘−1,𝜇(𝑥) + (1 − 𝑝)𝑓𝑘,𝜇(𝑥) = 𝑝𝜇

(𝜇𝑥)𝑘−2 

(𝑘 − 2)!
𝑒−𝜇𝑥 + (1 − 𝑝)𝜇

(𝜇𝑥)𝑘−1 

(𝑘 − 1)!
𝑒−𝜇𝑥 

 
 ( 18 ) 

 

And the cumulative distribution function:  

 {1 − 𝐹(𝑥)} = 𝑝{1 − 𝐹𝑘−1,𝜇(𝑥)} + (1 − 𝑝){1 − 𝐹𝑘,𝜇(𝑥)} 

= ∑
(𝜇𝑥)𝑖𝑒−𝜇𝑥

𝑖!
+ (1 − 𝑝)

(𝜇𝑥)𝑘−1𝑒−𝜇𝑥

(𝑘−1)!
 𝑘−2

𝑖=0   

 

 ( 19 ) 

When the coefficient of variation (𝑐𝑋) is: 0 < 𝑐𝑋 < 1 the parameters are given as:  

1

𝑘
≤ 𝑐𝑋

2 ≤
1

𝑘 − 1
 

𝑝 =
1

1 + 𝑐𝑋
2 [𝑘𝑐𝑋

2 − √𝑘(1 + 𝑐𝑋
2) − 𝑘2𝑐𝑋

2 ] 

𝜇 =
𝑘 − 𝑝

𝐸(𝑋)
 

However, when 𝑐𝑋 ≥ 1 then the hyperexponential distribution is used with the following 

parameters:  

𝑝1 =
1

2
(1 + √

𝑐𝑋
2 − 1

𝑐𝑋
2 + 1

) , 𝑝2 = 1 − 𝑝1 
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𝜇1 =
2𝑝1

𝐸(𝑋)
, 𝜇2 =

2𝑝2

𝐸(𝑋)
 

This is a common method when approximating demand, for more information on this please 

see Thijms (2003). In appendix F a visual representation of the fit of the approximation on a 

sample of the real data is shown. It is concluded that the approximation can be used.  

5.4 Validation 

The assumption is made that the inventory control policy formulated in van der Heijden (1999) 

is validated properly and that it is correct. However, in order to be sure that the model is 

implemented correctly in this thesis it is necessary to do some sort of validation. Therefore, the 

two steps that are the basis of the model have to be checked. These are:  

1. Estimating the fill rate 

2. Calculating average stock  

In order to do this, one of the network configurations used in the paper (van der Heijden, 1999) 

is taken as the configuration for validation. This is depicted in Table 6. 

Notation Value Addition 

𝑅 = 5  

𝐿𝑖 = 1, 𝑖 = 1, … , 𝑁 

𝑁 = 6  

𝜇𝑖 = 100, 𝑖 = 1, … , 𝑁 

𝛿𝑖
2 = 900, 𝑖 = 1, … , 𝑁 

𝛽𝑖 = 90%, 𝑖 = 1, … , 𝑁 

𝐿0 = 5  

∆0= 𝑐𝐿0𝜇0, 𝑐 = 𝑎𝑟𝑏𝑖𝑡𝑟𝑎𝑟𝑦 

𝜏𝑚 = 𝐿0 + (𝑚 − 1), 𝑚 = 1, … ,5 

Table 6: configuration network for validation inventory control model 

5.4.1 Fill rate 

In order to look at whether the optimal 𝑆𝑖 is calculated correctly it is important to calculate the 

fill rate properly. In Figure 13 the expected fill rates when changing the order-up-to levels 𝑆𝑖 are 

given. The different curves represent the fill rates for different values of ∆0.  
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Figure 13: Fill rate for given ∆0 (𝐷 = ∆0, 𝐵𝑒𝑡𝑎 = 𝛽) 
 

The graph shows the required results, namely S-shaped curves. It is apparent that the fill rate 𝛽𝑖 

can never be 1 or 0. Also it has been shown that when ∆0 is lower, thus when there is less central 

stock, the order-up-to levels 𝑆𝑖 are higher. It can therefore be concluded that the calculation of 

formula 4 is done correctly.    

5.4.2 Physical stock levels 

In Figure 14 it is shown that when ∆0 increases the local order-up-to levels 𝑆𝑖 decrease. The 

curve is presumed to have a horizontal asymptote, it can never be smaller than the appropriate 

𝑆𝑖 for one period (given 𝛽𝑖 = 90%).  

 

Figure 14: Optimal order-up-to levels for given ∆0= 𝐷𝑒𝑙𝑡𝑎0 
 

This change in order-up-to levels also has an effect on the fraction of stock that is being kept at 

the central depot. Figure 15 shows the tradeoff between central and local stocks with different 

∆0. When 𝑆𝑖 goes down the central stock increases, this is the same as expected.  
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Figure 15: tradeoff between central and local stocks 
 

The behavior of the different parts of the model seems to be in order.  

5.4.3 Estimation of data 

Since the demand data on the level of aggregation needed is not available it will have to be 

estimated. This section elaborates on the robustness of this inventory control policy to deal with 

estimation errors. Two types of errors are identified: 1), errors in estimating the mean of the 

demand and 2) errors in estimating the variance of the demand. However, it is presumed that 

the sum of the means and the variance is estimated correct, since the demand on the aggregate 

level is known. In the first case the same configuration of the model for validation is used, only 

the demand has changed for the half of the local stock points the demand has decreased by 50 

and for the other half it has increased by 50 (see Table 7). The order-up to levels are the same as 

when optimal for 𝜇𝑖 = 100 𝑓𝑜𝑟 𝑖 = 1, … , 𝑁.   

𝝁𝟏 𝝁𝟐  𝝁𝟑 𝝁𝟒 𝝁𝟓 𝝁𝟔  

50 50 50 150 150 150 

Table 7: Error in demand estimation for sensitivity 
 

 

Figure 16: sensitivity fill rate for a 50% change in demand (upwards and downwards) 

 

It can be seen in Figure 16, when the demand has a change of 50% to either sides such that the 
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total demand remains the same, the total fill rate drops with 10 to 30 percent depending on the 

∆0. It is interesting to see that the amount of central stock has a positive impact on the total 

service level when errors in estimation are likely. When the difference is not that big (5%) the 

change in fill rate is considerably less (between 1% and 4%), as can be seen in Figure 17.  

 

Figure 17: sensitivity fill rate for a 5% change in demand (upwards and downwards) 
 

When changing the variance 60% to either side in the start configuration it can be seen that as 

expected the group where the variance is lower the fill rate is higher and where the variance is 

higher the fill rate drops (see Figure 18). The total fill rate remains around 90%.  

 

Figure 18: fill rate for a 60% change in variance 

5.5 Input 

In order to get representative outcomes of the optimal values of the distribution network, it is 

important to use the right input parameters. This results in the need to define the right level of 

aggregation on which the system is optimized. One has to take into account the assumptions 

made for the inventory control policy. For example with Woodin, all products are produced 

only once. One production run produces a batch of products, that batch is only produced once 

and is therefore unique. These products are not identical but often very similar to products from 

the same collection (i.e. same pattern, same style, and same color). Therefore, it can be assumed 

that the products in the same collection are from a customer point of view the same and are 
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therefore behaving in the same way, also a product’s demand is replaced by demand for the 

succeeding product. 

This assumption allows to group the demand of these products to the collection level. This is 

needed because the inventory control policy has an assumption of infinite horizon. From 

interviews with the sales department this is recognized as assumable, since when customers go 

to the store to buy a Woodin product they do not have a specific product in mind but more an 

idea of which style or collection they want (Employees Vlisco Ghana, 2014). So when one color 

of a collection is sold out the demand for that product will be fully substituted by another 

product in the same collection.  

5.5.1 Demand estimation 

Because the inventory is presumed to be incredibly high it can be said that the sales data 

represents the demand. The sales data obtained had a very high level of aggregation. Therefore, 

an estimation of the demand on a lower level was needed using the production as a 

determinant. Since the distribution network is based on a push system it is assumed that on the 

collection level (see product hierarchy) the production numbers are representative for the sales 

proportions. It is also assumed that the sales in all stores have equal sales proportions on the 

collection level. This is because the ratio of metallic versus non-metallic sales is in every store 

almost 50-50. Therefore, the data about collections is estimated based on production. Only the 

collections that are running in the year 2013, that have more than 5 yearly production runs (i.e. 

𝑅 < 10) and a total production quantity of more than 90,000 yards are considered as input. This 

represents approximately 81% of the total production volume. The inventory policy and all its 

outcomes are based on this 81%.  

This leads to the inclusion of the collections stated in Table 8.    

Product Group Collection names R 
Share of total 
production 

Non-Metallic AFRIK 3 6% 

Metallic AFRIKOR 4 4% 

Metallic AMBITION 4 4% 

Non-Metallic BASSAM 2 8% 

Non-Metallic BATIK 2 9% 

Non-Metallic BOGOLAN 3 4% 

Metallic CELEBRATION 6 3% 

Non-Metallic COOL 8 3% 

Metallic FASCINATION 3 5% 

Non-Metallic FASHION 4 6% 

Metallic ILLUSTRATION 5 4% 
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Metallic INNOVATION 3 6% 

Metallic MAXIOR 6 5% 

Non-Metallic NOIR ET BLANC 6 3% 

Non-Metallic PERLES 4 5% 

Metallic ROYAL 7 2% 

Metallic SUCCESS 5 4% 

Metallic TRADITION 4 4% 

Total   81% 

Table 8: unique parameters of collections 
 

Since the weekly sales per store are known and the sales fraction per collection is estimated it is 

simple to calculate the sales per collection per store. Just as in the rest of the chapter only 

metallic and non-metallic fabrics outside of the seasonal peak are considered in the model. 

5.5.2 Other input parameters 

The remaining input parameters are configured according to what is shown in Table 9.  

Parameter Value Addition  

 𝑁 23  

𝛽 90% and 99%  

∆0 𝑐𝐿0𝜇0 𝑐 = 1.0, 1.25, 1.5 

𝐿0 6 𝑤𝑒𝑒𝑘𝑠  

𝐿𝑖 1

7
 𝑤𝑒𝑒𝑘 

 

𝑛 𝑅 𝑠ℎ𝑖𝑝𝑚𝑒𝑛𝑡 𝑜𝑛𝑐𝑒 𝑎 𝑤𝑒𝑒𝑘 

Table 9: other input parameters 
 

These input parameters lead to six different settings for the inventory model.   
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6 Results 

This chapter elaborates on the results calculated using the mathematical model for the 

optimization of inventory levels. Section 6.1 entails the results of the model on the collection 

level.  In section 6.2 the results are combined to the product group level on which the inventory 

is currently managed. In section 6.3 the optimization is compared to the current inventory 

levels.  

6.1 Collection level 

Table 10 shows the sum of the local order-up-to levels (𝑆𝑖, 𝑖 = 1, … , 𝑁) and the echelon order up 

to level (𝑆0) for different values of ∆0 in the system with a fill rate (𝛽) of 90%. It can be seen that 

when ∆0 increases the total local order-up-to level 𝑆𝑖 decreases. This has to do with the fact that 

there is more central stock and therefore less need for local stock. The echelon order-up-to level 

(𝑆0) however does not necessarily increase or decrease with the increase of ∆0.   

 𝒄 = 𝟏 𝒄 = 𝟏, 𝟐𝟓 𝒄 = 𝟏, 𝟓 

 
∑ 𝑺𝒊

𝑵

𝒊=𝟏

 
∆𝟎 𝑺𝟎 

∑ 𝑺𝒊

𝑵

𝒊=𝟏

 
∆𝟎 𝑺𝟎 

∑ 𝑺𝒊

𝑵

𝒊=𝟏

 
∆𝟎 𝑺𝟎 

AFRIK 3771 6678 10449 2067 8347 10414 1739 10017 11756 

AFRIKOR 3885 5372 9257 2388 6715 9103 1478 8058 9536 

AMBITION 5056 6998 12054 3107 8747 11854 1923 10497 12420 

BASSAM 4976 11971 16947 3128 14964 18092 3109 17956 21065 

BATIK 5878 14158 20036 3694 17697 21391 3674 21236 24910 

BOGOLAN 3540 6265 9805 1943 7831 9774 1635 9397 11032 

CELEBRATION 4310 4218 8528 3160 5272 8432 2033 6326 8359 

COOL 3392 2645 6037 2767 3306 6073 2065 3968 6033 

FASCINATION 3249 5664 8913 1778 7080 8858 1496 8496 9992 

FASHION 6266 8783 15049 3845 10979 14824 2374 13175 15549 

ILLUSTRATION 5018 5751 10769 3424 7189 10613 1991 8627 10618 

INNOVATION 5046 8798 13844 2752 10997 13749 2312 13197 15509 

MAXIOR 4750 4645 9395 3479 5806 9285 2238 6967 9205 

NOIR ET BLANC 4533 4476 9009 3316 5595 8911 2132 6713 8845 

PERLES 5923 8302 14225 3637 10378 14015 2246 12453 14699 

ROYAL 2846 2425 5271 2191 3032 5223 1539 3638 5177 

SUCCESS 5502 6307 11809 3757 7884 11641 2185 9461 11646 

TRADITION 3717 5138 8855 2286 6423 8709 1412 7707 9119 

Table 10: central order-up-to level per collection 𝛽 = 90% 



41 
 

The echelon order-up-to levels (𝑆0) in 𝑐 = 1 and 𝑐 = 1.25 are quite similar. As shown in section 

5.4 at some point 𝑆0 starts to increase. This is happening when 𝑐 = 1.5. These results are 

consistent with what was found in the validation and what was noticed in Van der Heijden 

(1999). The detailed results per store for 𝛽 = 90% and 𝛽 = 99% can be found in appendix G and 

H.  

In Table 11 the average stock per collection is shown. It is apparent that when ∆0 increases the 

average central stock Ψ0 also increases and the average local inventory Ψ𝑖 decreases. The 

inventory in the pipe Ψ𝑝𝑖𝑝𝑒 is constant and not influenced by Δ0. Similar as with the order-up-to 

levels goes for the average inventory. The total average inventory is similar when 𝑐 =

1 and 1.25 and it goes up when 𝑐 = 1.5. 

 𝒄 = 𝟏 𝒄 = 𝟏. 𝟐𝟓 𝒄 = 𝟏. 𝟓 

 𝚿𝟎 𝚿𝒑𝒊𝒑𝒆  ∑ (𝚿𝒊
𝑵
𝒊=𝟏 ) Total 𝚿𝟎 𝚿𝒑𝒊𝒑𝒆  ∑ (𝚿𝒊

𝑵
𝒊=𝟏 ) Total 𝚿𝟎 𝚿𝒑𝒊𝒑𝒆  ∑ (𝚿𝒊

𝑵
𝒊=𝟏 ) Total 

AFRIK 321 159 1951 2431 1126 159 1202 2488 2405 159 1048 3612 

AFRIKOR 231 128 2006 2365 775 128 1400 2303 1670 128 904 2702 

AMBITION 241 167 2609 3016 923 167 1821 2910 2100 167 1175 3442 

BASSAM 523 285 2675 3483 2315 285 1888 4488 5024 285 1871 7181 

BATIK 552 337 3157 4046 2680 337 2228 5246 5927 337 2210 8475 

BOGOLAN 316 149 1833 2298 1075 149 1132 2356 2268 149 987 3405 

CELEBRATION 156 100 2192 2448 483 100 1836 2419 1030 100 1252 2383 

COOL 124 63 1694 1881 314 63 1557 1934 608 63 1266 1938 

FASCINATION 296 135 1711 2141 984 135 1046 2165 2059 135 911 3105 

FASHION 262 209 3177 3649 1098 209 2226 3534 2584 209 1435 4229 

ILLUSTRATION 190 137 2565 2892 674 137 2004 2814 1513 137 1196 2846 

INNOVATION 327 209 2656 3193 1364 209 1615 3189 3091 209 1404 4705 

MAXIOR 157 111 2416 2684 508 111 2021 2640 1108 111 1378 2597 

NOIR ET BLANC 165 107 2266 2537 511 107 1901 2519 1093 107 1301 2500 

PERLES 260 198 3003 3461 1056 198 2106 3360 2458 198 1359 4014 

ROYAL 132 58 1445 1635 326 58 1262 1646 623 58 957 1638 

SUCCESS 192 150 2812 3155 713 150 2199 3062 1632 150 1313 3096 

TRADITION 229 122 1919 2271 753 122 1341 2217 1608 122 863 2593 

Table 11: average stock per collection (𝛽 = 90%) 
 

The results in Table 10 and Table 11 show that it is not predefined what the best option is when 

choosing the central versus local inventory ratios. Next to the fill rate (𝛽𝑖) constraint which is 

the parameter that is most important for the model, the choice of the parameter 𝑐 is largely 

based on preference and other decision variables. For example, if the holding costs in the local 

stock points (ℎ𝑖) are much higher than the costs in the central depot ℎ0 it would be wise to have 
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a higher central inventory. On the other hand if the fixed cost for a shipment is very high the 

preference of fewer shipments would probably be the apparent choice. The amount of expected 

shipments can be deduced from the probability that rationing is occurring in the 𝑚th shipment 

opportunity (𝛼), since after rationing is occurring there will be no more shipments in that 

review period (𝑅). An example is given in Table 12, where the probability of rationing is shown 

for every shipment opportunity. It is apparent that the expected number of shipments that is 

being used is dependent on how much stock there is in the central warehouse. 

𝐸[𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠ℎ𝑖𝑝𝑚𝑒𝑛𝑡𝑠] = ∑ 𝛼𝑚 ∗ 𝑚
𝑛−1

𝑚=1
+ (1 − ∑ 𝛼𝑚

𝑛−1

𝑚=1
) ∗ 𝑛 

For Afrikor the example is as follows:  

  𝜶𝟏  𝜶𝟐 𝜶𝟑 𝜶𝟒 𝑬[# 𝒐𝒇𝒔𝒉𝒊𝒑𝒎𝒆𝒏𝒕𝒔] 

𝑐 = 1 0,493 0,506 0,002 0 1,51 

𝑐 = 1,25 0 0,0832 0,831 0,093 3,00 

𝑐 = 1,5 0 0 0,006 0,491 3,99 

Table 12: expected number of shipments in a review period for different values of  ∆0 for Afrikor 

6.2 Product group level 

The results of the calculations for a fill rate (𝛽) of 90% are presented in Table 13. Table 14 shows 

the results for 𝛽 = 99%. When a higher service level (𝛽) is targeted it is obvious that the 

inventory should rise accordingly. From the validation (section 3.3.4) it seems that when the 

beta goes to 1 the order-up-to level goes to infinity. Therefore the average inventory also grows. 

The difference in average inventory between a high service level (𝛽 = 99%) and a low service 

level (𝛽 = 90%) is between 55% and 65% depending on the value of 𝑐.  

 𝒄 = 𝟏 𝒄 = 𝟏, 𝟐𝟓 𝒄 = 𝟏, 𝟓 

 𝚿𝟎 𝚿𝒑𝒊𝒑𝒆 
∑(𝚿𝒊

𝑵

𝒊=𝟏

) 
Total 𝚿𝟎 𝚿𝒑𝒊𝒑𝒆 

∑(𝚿𝒊

𝑵

𝒊=𝟏

) 
Total 𝚿𝟎 𝚿𝒑𝒊𝒑𝒆 

∑(𝚿𝒊

𝑵

𝒊=𝟏

) 
Total 

Metallic 2150 1317 22332 25800 7503 1317 16545 25365 16434 1317 11355 29106 

Non-Metallic 2524 1507 19756 23787 10177 1507 14241 25924 22368 1507 11478 35353 

Grand Total 4674 2824 42089 49586 17680 2824 30785 51289 38802 2824 22833 64459 

Table 13: average inventory per product group 𝛽 = 90% 
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 𝒄 = 𝟏 𝒄 = 𝟏, 𝟐𝟓 𝒄 = 𝟏, 𝟓 

 𝚿𝟎 𝚿𝒑𝒊𝒑𝒆 
∑(𝚿𝒊

𝑵

𝒊=𝟏

) 
Total 𝚿𝟎 𝚿𝒑𝒊𝒑𝒆 

∑(𝚿𝒊

𝑵

𝒊=𝟏

) 
Total 𝚿𝟎 𝚿𝒑𝒊𝒑𝒆 

∑(𝚿𝒊

𝑵

𝒊=𝟏

) 
Total 

Metallic 2150 1317 39660 43127 7503 1317 31207 40027 16434 1317 22965 40716 

Non-Metallic 2524 1507 36174 40205 10177 1507 27389 39072 22368 1507 22733 46608 

Grand Total 4674 2824 75834 83331 17680 2824 58596 79099 38802 2824 45699 87324 

Table 14: average inventory per product group (𝛽 = 99%) 

 

Table 14 shows that for non-metallic collections the average inventory is smallest when 𝑐 = 1 

and 𝛽 = 90%. In the other cases the optimum is when 𝑐 = 1.25. The “optimum” value is 

however only based on minimum average stock in the system. It does not take any holding 

costs, shipment costs or risk pooling for estimation mistakes into account. For results in the next 

sections the optimum has been chosen to be 𝑐 = 1.25 for both product groups. The reason for 

this is that it has the benefits of a high central stock without increasing the total amount of stock 

significantly. Also, holding inventory in the local stock points might be more expensive to keep 

and it results in the assurance that the inventory capacity at the local stock points will not be 

reached.  

6.3 Comparison to current situation 

In order to compare the results with the current situation the actual inventory (observed stock) 

of the stock points under consideration will be compared with the optimized inventory values. 

The optimal values are based on 81% of the total sales, since collections that could not be 

considered because of the constraints of the model were not included. Therefore for comparison 

the observed inventory levels were also decreased with 19% (the assumption is that the other 

collections take up inventory according to the sales percentage). In real life this might be 

different since collections that are not produced as often as other collections are probably not in 

demand as much, which leads to higher inventories of production runs that are not sold.    

Comparing the results to the actual inventory levels that are recorded (as mentioned in section 

4.5.4) the inventories can be reduced significantly. The maximal quantity of inventory in the 

system is the total echelon order-up-to level (𝑠0) for both the product groups.  

Table 15 and Table 16 show that the optimal inventory resulting from the inventory model can 

be much lower than the current inventory levels. Overall it can lead to a reduction of more than 

20% on the total inventory. 
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 𝜷 = 𝟗𝟎% 𝜷 = 𝟗𝟗% Observed inventory 

Inventory 49152 79099 123189 

Percentage 40%  64% 100% 

Table 15: Optimal inventory compared with actual inventory without seasonal stock 

 
 

 𝜷 = 𝟗𝟎% 𝜷 = 𝟗𝟗% Observed inventory  

Inventory 192294 222151 285241 

Percentage 67% 78% 100% 

Table 16: Optimal inventory compared with actual inventory with seasonal stock 

 

However, since the production is always running at full capacity and overproduction is kept for 

the seasonal peak in the end of the year it is very interesting to see whether the inventory at the 

local stock points can be reduced as much as the overall inventory. Therefore, the measured 

local inventory levels are compared to the optimal levels resulting from the model (see 

appendix N). Table 17gives an overview of the results of this comparison per retail channel.  

 

Optimal avg. 

local inventory 

𝜷 = 𝟗𝟎% 

Optimal avg. 

local inventory 

𝜷 = 𝟗𝟗% 

Real local  

inventory 

Retail 16,545 33,417 83,859 

Wholesale 14,241 25,179 6,598 

Grand Total 30,786 58,596 90,457 

Table 17: comparison of the optimal inventory in the channels and the real inventory 𝛽 = 99%   

 

It is very interesting to see that the stores in the retail channel have inventory levels that are 

much higher than the optimal levels calculated whereas the stores in the wholesale channel 

have much less inventory. Several reasons for the low inventory in the wholesale channel can be 

identified. Firstly, it is possible that the weekly moment that the inventory is checked is the 

moment that there is very little inventory on stock, for example just before new shipments 

arrive. Secondly, a more likely scenario, it can be that the stores in the wholesale channel merely 

act as throughput or cross dock warehouses where very little inventory is kept. This means that 

the customer order decoupling point (CODP) lies further backwards in the distribution chain, 

for example in the central warehouse or even before manufacturing. So since the demand is 

known before the allocation decision to the stores is taken, this leads to the conclusion that a fast 

fashion strategy would not fit the wholesale channel.  
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7 Conclusion 

Seven out of the ten fastest growing countries in the world are located in Sub-Saharan Africa 

(World Bank Group, 2015). The overall GDP grows with an average of six percent per year, 

which results in the fact that the people are increasingly wealthy and a middleclass that wants 

and can afford more luxury is rising (van Dijk, et al., 2014). Therefore, the fast fashion strategy 

could be profitable in Africa.  

Based on the characteristics of emerging markets and the Sub-Saharan African context the need 

for research on the inventory management of a fast fashion supply chain is clear. The common 

inventory allocation policies of fast fashion distribution networks in Western countries such as 

for example in Caro & Gallien (2010) cannot simply be copied to the African context and expect 

positive results. Namely, the level of aggregation and the availability of data is totally different 

in Sub-Saharan Africa. Therefore, a model that is more suitable is suggested. This section 

discusses the lessons learned and the conclusions drawn about inventory management using 

the fast fashion strategy in Sub-Saharan Africa with this inventory control policy.  

7.1 Wholesale vs. retail channels 

From Woodin it can be concluded that it is possible to operate the fast fashion strategy in the 

own retail channel, since they have quick responsiveness to the market in the sense that they 

can actively follow the fashion trends. Additionally, the policy suggested for fast fashion 

retailers in Sub-Saharan Africa as seen in the previous chapter, can improve the inventory 

management. This however, is not the case for the wholesale channel.  

It has been shown that the inventories in the wholesale channel are very low (see section 6.1.3). 

The wholesale stores act more as cross-docking stations where the inventory stays for only a 

short period and is then sold to the customers. It seems that the customer order decoupling 

point lies further upstream in the supply chain, for example in the central warehouse or even 

before production. A fast fashion strategy would therefore make no sense because it assumes 

that demand is only known when a customer arrives at the most downstream stock point and 

has to be fulfilled immediately. Since this eliminates demand uncertainty at the local stock 

points, it is not needed to have a demand based inventory system in place and therefore the fast 

fashion inventory policy for Woodin’s wholesale channel is not necessary. It could however be 

rewarding to have a fast fashion strategy in place for the total wholesale supply chain. For this, 

information about the demand and inventory of the downstream retailers and wholesalers all 

the way to the end consumers has to be available. However, the supply chains after sales are 

very long and complex, and cannot be controlled or monitored. The wholesale channel is part of 

the traditional retail channel that is unorganized and informal (van Dijk, et al., 2014). Gathering 

information in this traditional channel is a big problem since is consist of many intermediaries 
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that are all “kings of their own kingdom” with not much incentive or ability to share 

information (Employees Vlisco Ghana, 2014).  

In summary, the wholesale channel is a long complex and intransparant supply chain where it 

is really difficult to control the time to market. Also, the customers (wholesalers) order goods in 

advance which results in the possibility to make-to-order instead of make-to-stock, the bull-

whip effect does however play a role which causes high variability. 

Conclusion 1:   

Fast fashion strategy in a Sub-Saharan context is promising in the direct retail channel, but 

controlling inventory in the wholesale channel using this strategy is not effective.  

7.2 Inventory 

Inventory is basically a cost for a company. These costs are built up by holding costs for keeping 

inventory, ordering costs and costs that are indirectly derived from low customer servicing 

(Axsäter, 2003; Bijvank, 2014). Results of the optimal inventory control model show that the 

actual observed inventory of Woodin’s core products, depending on the targeted service level, 

is 18% (𝛽 = 0,99) to 29%(𝛽 = 0,9) higher than what is optimal. This optimal inventory level is 

based on the stocks that have to be kept when applying the inventory control policy and the 

seasonal stock. It is assumed that other fast-fashion companies in the Sub-Saharan African 

context also deal with the same inventory challenges, since the underlying factors (seasonality 

and lack of data) are generalizable for Sub-Saharan Africa.   

Conclusion 2:  

Inventory in fast-fashion retail companies in Sub-Saharan Africa is likely not optimal, and can be 

improved significantly using the suggested model. 

 

From the literature it has been found that seasonality is a common occurrence in the apparel 

and fast-fashion business. The company analysis affirms this statement to be true in apparel 

sales in Ghana. The sales analysis (section 4.4.1) shows that in the end of the year there is a 

significant spike in demand. This is likely caused by the extra demand arising from the 

holidays. The inability to quickly adapt to the seasonality pattern by increasing and decreasing 

the production output is a major factor. This results in the fact that throughout the whole year 

the production has to run at full capacity in order to produce goods that are then reserved for 

the surge in sales at the end of the year. This is the cause for a big part of the average inventory 

throughout the year. A solution might be to invest in extra production facilities or to outsource 

the seasonal production. These solutions are however cost intensive and can take a long time to 

fulfill.   

Another subject that has been found to be of importance in the management of inventories in 

the distribution network is the availability of data and the capability to deduce management 
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implications from this data. Fast fashion is a strategy that gains advantage by gathering detailed 

information and act on this information (Barnes & Lea-Greenwood, 2006). This is however in 

Sub-Saharan Africa often a difficult task because of legacy information systems and the 

unawareness of the importance of data support for decision making (Employees Vlisco Ghana, 

2014).  

Conclusion 3:  

With regards to inventory management in a Sub-Saharan context, two factors are important: 1) 

production has to be agile to cope with seasonality, and 2) detailed sales data is needed and has to 

be acted on. 

7.3 Management implications and recommendations 

From this research and the mentioned conclusions, several implications follow for fashion 

businesses that are invested in sub-Saharan Africa. These are listed below. 

Own retail channel 

1. It is advisable to focus on the own retail channel, since there is much more control of the 

sales and inventory. This leads to a better and smooth process which results in less 

inventory, less intermediaries and therefore, less cost. This results in the recommendation 

to open more retail stores, and focus less on the wholesale channel. Fast fashion often 

targets young people who can buy the latest fashion, they will be more inclined to change 

from the wholesale to the own retail channel. This fact facilitates this recommendation.   

2. When operating a fast fashion distribution network in sub-Saharan Africa, the model 

suggested in this thesis can be implemented for the own retail channel. This leads to lower 

inventory costs.  

Wholesale 

3. When both the traditional (wholesale) and the own retail channel are utilized it is advisable 

to differentiate the entire whole supply chain accordingly. In the own retail channel fast 

fashion can be implemented with success. However, in the traditional channel this is much 

more difficult to do. The recommendation is to serve both channels with differentiated 

products. This means that for the own retail channel a fast fashion strategy is implemented 

that includes many collections and short product lifecycles; for the wholesale channel less 

cycles and more long term products that can still be in fashion after a couple of months are 

more appropriate.  

4. The analysis showed that the bullwhip effect plays an important role in the wholesale 

channel when operating a fast fashion distribution network in Sub-Saharan Africa. 

Literature has shown that in order to reduce this effect, collaboration and sharing of 

information with all parties involved is necessary.  
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General recommendations  

5. In order to be able to cope with the seasonality in demand and keep inventory at an 

acceptable level, it is important to have a supply chain that can quickly scale the output up 

or down. In other words, agility of the supply chain is a very important characteristic when 

effectively operating a fast fashion supply chain. An agile supply chain can be achieved by 

either increasing internal production capacity or by partly outsourcing the production for 

the seasonal peak.  

6. When operating a fast fashion distribution network it is advisable to pick the level of 

aggregation on which the inventory is managed carefully. When this is done the data to 

support management decisions in this field should be available. Data on sales, inventory 

and shipments should be reliable and available on the level of aggregation that is chosen.  

7.4 Research limitations 

Although important management implications can be derived from this thesis there are also 

several limitations to this research that can be identified. These limitations effect three matters: 

the generalizability of the conclusions to fast fashion companies in Sub-Saharan Africa, the 

correctness of the results and the immediate applicability of the results to a fast fashion 

company.   

Firstly, it can be argued that because only one case study has been considered, the conclusions 

drawn based on the results of this research might not be applicable to all fast fashion retailers in 

Sub-Saharan Africa. It was attempted to find a case study that is representative for fast fashion 

retailers in Sub-Saharan Africa in order to mitigate this problem. This was done by checking 

whether the challenges faced by African retailers, identified in the literature, also apply to the 

company under consideration. This was found to be the case. Future research could improve 

the generalizability of the outcomes by including multiple case studies.  

Secondly, this study uses estimations to find the input parameters of sales and inventory 

positions. Estimations in general are likely to be incorrect which can lead to wrong results that 

are the basis of the conclusions drawn. However, since the estimations are based on real 

aggregate data in combination with production figures, the chances of being far off are 

decreased significantly. Moreover, it was found in section 5.4.3 that small estimation errors do 

not have a great influence on the results. Nevertheless, having data on the actual level of detail 

considered would be a better basis to estimate the demand.  

Thirdly, since there is no daily sales data and the assumption is that the demand throughout the 

week is stationary the frequency of shipment could not be higher than once a week. In reality, 

some stores are replenished more often than once a week which can result in possible lower 

order-up-to levels. It has been checked and the addition of shipment opportunities when 

keeping the other input parameters equal does not significantly improve the inventory levels. 

This is consistent with what was mentioned in Van der Heijden (1999).  



49 
 

Finally, the suggested inventory policy only takes into consideration the dynamics of fast 

fashion in Sub-Saharan Africa during the low season, and not the peaks in demand at the end of 

the year. It is likely that during that time other issues play a role such as capacity constraints. 

The buildup of seasonal inventory, in this model, is the remainder of production that is left after 

the needs of the inventory policy are satisfied. This might result in inefficient inventory 

management for the seasonal inventory.  

7.5  Research contribution 

In the field of fast fashion a large knowledge gap exists with regard to effective inventory 

management in the emerging markets. Sub-Saharan Africa is considered an emerging market 

with enormous growth potential and on the verge of accepting fast fashion on a major scale. 

This thesis aimed to fill this gap by suggesting a mathematical model, that can improves 

inventory management of a fast fashion distribution network while keeping the constraints that 

are characteristic to the Sub-Saharan African context in mind. These challenges include lack of 

information, problematic communication and the management of the inventory on a high level 

of aggregation. This thesis is novel in its application of a fast fashion distribution model in the 

Sub-Saharan context. Also, it showed that a fast fashion strategy combined with the suggested 

inventory control policy in the own retail channel is likely to improve the inventory 

management by more than 20%. It also exposed that the fast fashion inventory policy in the 

wholesale channel is not likely to improve the inventory management since the customer order 

decoupling point is further upstream and not at the most downstream inventory locations.  
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Appendix 

Appendix A: Research trip Ghana 

People interviewed Acquired data 

Woodin Product manager In/export files Ghana 
Technical Director production  Weekly sales per store (aggregate level) 
Country director wholesale distribution Weekly inventory positions (stores & central 

depot) 
Production manager Retail stores storage capacity 
Logistics manager Transportation distances 
Wholesale distribution/allocation 
manager 

Lead times production &  transportation 

Financial controller Daily production data 2013 
Warehouse supervisor Active Fabrics collections in 2013 
Retail manager  
Retail distribution/allocation manager  
Warehouse employee  
Chauffeur  
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Supply VACs / Retail Stores Outside RCI and Ghana

Internal Distribution Ghana

Internal Distribution RCI

RCI SOURCE

GHANA SOURCE

Manufacturing 

TSG

WOODIN DC 

PAT

TEMA

Outsourced 

Supply

Manufacturing 

Uniwax

Retail 

Shop

[7]

WH Hub

Retail 

Shop

[5]

 

WH Hub

[7]

 
 

RCI

Retail 

Shop

[2]

DRC

Retail 

Shop

[3]

Benin

Retail 

Shop

[1]

Togo

Retail 

Shop

[1]

Nigeria

Retail 

Shop

[1]

Semi-WH

Warehou

se VAC 

Benin

Warehou

se VAC 

Congo

Warehou

se VAC 

Lomé

 

WH 

Sales

Retail 

Sales

WH 

Sales

Retail 

Sales

Retail 

Sales

WH Sales

WH Sales

Retail Sales

WH 

Sales

Retail 

Sales

Retail 

Sales

Warehou

se N.A. 

Niamey

Multibra

nd Store 

Niger

[1]

Retail 

Sales

Warehou

se VAC 

Burkina

Multibra

nd Store 

Burkina

[1]

Retail 

Sales

RCI

Multi-

Brand 

Store

[3]

DC UNIWAX

Outsourced 

Supply
CFCI

Retail  

Sales

Retail  

Sales

WH  

Sales

RTW / 

Accessoires

Fabrics, RTW and 

trims (for RTW 

production)

543ky 

(7%)

6.775ky 

(93%)

480ky

Outsourced 

Supply

Only as 

of 2014

Appendix B: Distribution network Woodin 
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Appendix C: Notations 

𝑁 number of local stock points 

𝑖 stock point index, 𝑖, = 0, … , 𝑁, where 𝑖 = 0 denotes the central depot.  

𝑛 number of shipment opportunities from central depot to the local stock points within a 
replenishment cycle.  

𝐿𝑖 lead time to stock point 𝑖 (and to the central depot for 𝑖 = 0).  

𝑅 review period, i.e. the epoch between two consecutive replenishments at the central 
depot.  

𝜏𝑚 time of the 𝑚th stock allocation and shipment by the central depot within a 
replenishment cycle, 𝑚 = 1, … , 𝑛. For convenience we measure the 𝜏𝑚 from the moment 
that the replenishment order to be allocated is issued, so 𝐿0 ≤ 𝜏𝑚 < 𝐿0 + 𝑅. We define 
𝜏0 = 0 and 𝜏𝑛+1 = 𝑅 + 𝜏1.   

𝑆𝑖 order-up-to level for stock point 𝑖 (and the system order-up-to level for 𝑖 = 0).  

𝑝𝑖 rationing fraction for local stock point 𝑖.  

∆0 maximum amount of stock at the central depot after the first allocation at 𝜏1, satisfying 
(1).  

𝐷𝑖 demand per period at local stock point 𝑖: a random variable with mean 𝜇𝑖 and variance 

𝜎𝑖
2.  

𝐷0 total demand per period: a rarndom variable with mean 𝜇0 = ∑ 𝜇𝑖
𝑁
𝑖=1  and variance               

  𝜎0
2 = ∑ 𝜎𝑖

2𝑁
𝑖=1  

𝐷𝑖[𝑡1, 𝑡2] demand at stock point 𝑖 in the time interval [𝑡1, 𝑡2] (and the total demand for 

𝑖 = 0): a random variable with mean (𝑡2 − 𝑡1)𝜇𝑖 and variance (𝑡2 − 𝑡1)𝜎𝑖
2. 

𝛽𝑖 target fill rate for local stock pint 𝑖, i.e. the target fraction of demand at local stock point 𝑖 
that should be satisfied directly from stock on hand.  

Ψ𝑖 mean physical stock at stock point 𝑖 (and at the central depot for 𝑖 = 0).  

Ω𝑖 imbalance, caused by local stock point 𝑖 

𝛼𝑚 probability that rationing occurs at the 𝑚th shipment opportunity 𝜏𝑚 

𝛾𝑚 probability that rationing has not occurred yet at the 𝑚th shipment opportunity 𝜏𝑚 

𝑋+ max {𝑋, 0} for any variable 𝑋 
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Appendix D: Inventory identification 

Calculation of TLS and IT 

Destination TLS Fabrics  Avg. Inv. in Transit Fabrics  
Lead 
times 

Mode costs/yard 
Delivery 
cycle 

times per 
week 

Times in 
period 

ACCRA MALL            
1.047  

                                                
330  

0,5 Truck  5 times a 
week 

5 230,00 

BOLGA               
439  

                                                   
55  

1 Truck  weekly 1 46,00 

CAPE COAST               
535  

                                                   
67  

1 Truck  weekly 1 46,00 

CAPE COAST 
BOUTIQUE 

              
414  

                                                   
52  

1 Truck  weekly 1 46,00 

DEPOT                  
35  

                                                    
-    

0 Truck  daily 7 322,00 

DUNKWA               
388  

                                                   
49  

1 Truck  weekly 1 46,00 

EAST LEGON               
279  

                                                   
88  

0,5 Truck  5 times a 
week 

5 230,00 

HIGH STREET               
110  

                                                   
35  

0,5 Truck  5 times a 
week 

5 230,00 

HO               
606  

                                                   
76  

1 Truck  weekly 1 46,00 

KOFORIDUA               
697  

                                                   
88  

1 Truck  weekly 1 46,00 

KOFORIDUA 
BOUTIQUE 

              
488  

                                                   
61  

1 Truck  weekly 1 46,00 

KUMASI               
234  

                                                
103  

1 Truck  weekly 3,5 161,00 

KUMASI BOUTIQUE               
954  

                                                
421  

1 Truck  weekly 3,5 161,00 

MOVENPICK 
BOUTIQUE 

                 
71  

                                                   
22  

0,5 Truck  5 times a 
week 

5 230,00 

ODA               
762  

                                                   
96  

1 Truck  weekly 1 46,00 

OSU BOUTIQUE            
1.027  

                                                
323  

0,5 Truck  5 times a 
week 

5 230,00 

SUNYANI               
467  

                                                   
59  

1 Truck  weekly 1 46,00 

SUNYANI BOUTIQUE               
602  

                                                   
76  

1 Truck  weekly 1 46,00 

TAKORADI               
405  

                                                   
51  

1 Truck  weekly 1 46,00 

TAKORADI BOUTIQUE               
921  

                                                
116  

1 Truck  weekly 1 46,00 

TAMALE               
403  

                                                   
51  

1 Truck  weekly 1 46,00 

TECHIMAN               
449  

                                                   
57  

1 Truck  weekly 1 46,00 

TEMA MALL                  
51  

                                                   
16  

0,5 Truck  5 times a 
week 

5 230,00 

WOODIN Wholesale            
4.882  

                                             
1.538  

0,5 Truck  5 times a 
week 

5 230,00 

TOTAL         16.266                                               
3.831  
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Appendix E: imports & exports 

Exports  

Fabrics exports:  

Invoice 
Year 

Invoice Month Total 

2013 1 47.960 

 2 157.716 

 3 83.522 

 4 203.506 

 5 260.020 

 6 299.170 

 7 204.044 

 8 215.000 

 9 176.900 

 10 112.960 

 11 101.956 

 12 102.310 

2013 Total  
1.965.064  

 

Imports 

Year Amount Fabrics Amount Non-Fabrics Pieces 

2013 64.859 2450 Men’s Shirts, 150 bags  
2014 332.704 220 bags, 1232 men’s shirt, 50 men’s shirt + trousers, 105 Women’s 

shirt + trousers, 308 tunique women, 135 dresses 

  

Invoice 
Year 

Invoice Month Total 

2014 1 113.450 

 2 109.680 

 3 145.148 

 4 130.970 

 5 133.350 

 6 177.818 

 7 153.520 

 8 101.738 

2014 Total 1.065.674 
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Appendix F: Visual representation of the demand approximation 

(fit).  

Below the actual data are shown to be consistent with the curve of the mixed Erlang 

approximation.  

 

Figure 19: Metallic in Accra Mall (mixed Erlang fit on real data) 

 

 

Figure 20: Non-metallic in Accra Mall (mixed Erlang fit on real data) 
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Appendix G: Order-up-to levels 𝜷 = 𝟗𝟎% 

Table 18: order-up-to levels 𝑆𝑖 (∆0= 1𝐿0𝜇0, 𝛽𝑖 = 90%) 

 

ACCRA  

MALL 
DEPOT 

EAST  

LEGON 

HIGH  

STREET 

MOVENPICK  

BOUTIQUE 

OSU  

BOUTIQUE 

TEMA  

MALL 
BOLGA 

CAPE 

COAST 

CAPE COAST  

BOUTIQUE 
DUNKWA HO KOFORIDUA 

KOFORIDUA  

BOUTIQUE 
KUMASI 

KUMASI  

BOUTIQUE 
ODA SUNYANI 

SUNYANI  

BOUTIQUE 
TAKORADI 

TAKORADI  

BOUTIQUE 
TAMALE TECHIMAN  Total 

AFRIK 676 100 168 91 55 679 46 95 113 71 84 109 156 79 172 369 135 105 81 89 133 82 83  3771 

AFRIKOR 661 44 167 86 49 685 38 81 162 66 95 106 145 91 196 451 155 111 74 105 144 83 90  3885 

AMBITION 861 57 217 112 63 892 50 105 211 86 123 137 189 118 256 588 202 144 97 137 187 108 116  5056 

BASSAM 847 138 210 120 73 866 64 133 155 95 119 154 225 107 242 464 182 149 104 126 173 115 115  4976 

BATIK 1002 163 248 141 86 1024 75 157 183 112 140 182 266 126 286 549 215 176 123 148 204 136 136  5878 

BOGOLAN 635 94 158 85 51 637 43 89 106 67 79 102 147 75 161 346 127 99 76 83 125 77 78  3540 

CELEBRATION 772 43 191 95 53 781 41 85 162 73 99 113 153 99 203 523 165 117 83 111 163 89 96  4310 

COOL 686 71 172 83 49 665 39 78 84 64 68 89 123 71 139 371 121 86 -3 71 128 68 69  3392 

FASCINATION 530 40 135 73 41 560 34 71 147 55 83 91 126 77 173 364 134 96 62 91 118 71 77  3249 

FASHION 1163 153 290 151 90 1154 74 151 175 117 134 174 246 130 273 633 223 168 137 140 225 132 133  6266 

ILLUSTRATION 880 53 220 111 62 899 48 101 198 85 118 134 182 116 244 598 196 139 96 132 188 105 113  5018 

INNOVATION 824 63 210 113 64 869 52 109 228 86 129 141 196 119 269 566 207 149 96 142 184 110 120  5046 

MAXIOR 850 48 211 104 59 860 45 94 179 80 109 124 169 109 224 576 182 129 92 123 179 98 106  4750 

NOIR ET BLANC 875 100 219 109 64 856 52 105 116 84 92 119 167 93 188 474 159 115 102 96 165 91 92  4533 

PERLES 1100 144 274 142 85 1090 70 143 166 111 126 164 233 123 258 598 211 159 130 133 213 125 125  5923 

ROYAL 518 28 128 62 35 519 27 55 103 48 64 74 99 65 131 350 108 76 55 72 108 58 63  2846 

SUCCESS 964 58 241 122 68 986 53 111 217 93 129 146 200 128 267 656 214 153 106 145 206 115 124  5502 

TRADITION 633 42 159 83 47 655 37 77 155 63 90 101 139 87 188 432 148 106 71 101 138 79 86  3717 

Total 14477 1439 3618 1883 1094 14677 888 1840 2860 1456 1881 2260 3161 1813 3870 8908 3084 2277 1582 2045 2981 1742 1822  81658 
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Table 19: order-up-to levels 𝑆𝑖 (∆0= 1.25𝐿0𝜇0, 𝛽𝑖 = 90%) 

 
ACCRA  
MALL 

DEPOT 
EAST 
LEGON 

HIGH  
STREET 

MOVENPICK 
 BOUTIQUE 

OSU  
BOUTIQUE 

TEMA  
MALL 

BOLGA 
CAPE  
COAST 

CAPE COAST  
BOUTIQUE 

DUNKWA HO KOFORIDUA 
KOFORIDUA  
BOUTIQUE 

KUMASI 
KUMASI  
BOUTIQUE 

ODA SUNYANI 
SUNYANI  
BOUTIQUE 

TAKORADI 
TAKORADI  
BOUTIQUE 

TAMALE TECHIMAN 
 

AFRIK 330 57 82 50 31 348 27 59 62 40 53 69 102 46 109 185 78 67 42 56 72 51 51 2067 

AFRIKOR 375 31 97 54 32 408 26 54 111 42 64 69 96 58 126 259 100 73 46 69 86 54 58 2388 

AMBITION 488 40 126 71 41 531 34 70 145 54 83 90 125 75 164 338 130 95 60 90 111 70 76 3107 

BASSAM 513 84 129 75 39 518 32 90 90 57 80 106 159 67 168 291 121 102 60 85 110 76 76 3128 

BATIK 606 99 152 88 46 613 38 106 106 67 94 125 188 79 198 343 143 121 71 101 130 90 90 3694 

BOGOLAN 310 54 77 47 29 326 26 55 59 38 50 65 96 43 102 173 74 63 40 53 67 48 48 1943 

CELEBRATION 552 34 138 70 40 567 31 64 125 54 74 84 115 73 153 375 123 88 61 83 118 66 72 3160 

COOL 541 59 136 67 40 527 32 63 68 51 54 71 99 57 112 292 97 69 63 57 101 55 56 2767 

FASCINATION 253 24 69 42 24 289 20 45 85 31 54 56 80 45 90 180 83 61 34 58 64 43 48 1778 

FASHION 672 104 166 92 57 684 49 99 117 74 89 114 166 82 181 365 139 111 83 93 134 87 87 3845 

ILLUSTRATION 577 40 146 76 44 604 35 72 145 59 84 93 129 80 173 394 137 98 66 93 126 73 80 3424 

INNOVATION 392 37 107 65 37 448 31 69 131 48 83 87 124 70 140 280 128 94 52 89 99 67 74 2752 

MAXIOR 608 38 152 77 44 624 34 70 137 59 82 92 126 81 169 413 135 97 67 92 130 73 79 3479 

NOIR ET BLANC 629 76 157 80 48 620 39 78 88 62 69 89 126 69 140 340 117 86 74 72 120 68 69 3316 

PERLES 635 99 157 87 54 647 47 94 111 70 84 108 157 78 171 345 131 105 78 88 127 82 82 3637 

ROYAL 391 22 97 48 28 397 21 43 82 37 50 57 78 51 103 265 84 60 43 57 83 45 49 2191 

SUCCESS 633 44 160 83 49 663 39 79 159 65 92 102 141 88 190 432 150 108 73 102 138 80 87 3757 

TRADITION 359 30 93 52 31 390 25 52 107 40 61 66 92 55 120 248 96 70 44 66 82 51 56 2286 

 8864 972 2241 1224 714 9204 586 1262 1928 948 1300 1543 2199 1197 2609 5518 2066 1568 1057 1404 1898 1179 1238 52719 
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Table 20: order-up-to levels 𝑆𝑖  (∆0= 1.5𝐿0𝜇0,   𝛽𝑖 = 90%) 

 
ACCRA  
MALL 

DEPOT 
EAST  
LEGON 

HIGH 
 STREET 

MOVENPICK 
 BOUTIQUE 

OSU  
BOUTIQUE 

TEMA  
MALL 

BOLGA 
CAPE 
 COAST 

CAPE COAST  
BOUTIQUE 

DUNKWA HO KOFORIDUA 
KOFORIDUA  
BOUTIQUE 

KUMASI 
KUMASI  
BOUTIQUE 

ODA SUNYANI 
SUNYANI  
BOUTIQUE 

TAKORADI 
TAKORADI  
BOUTIQUE 

TAMALE TECHIMAN 
 

AFRIK 285 47 72 42 22 288 18 50 50 32 44 59 88 37 93 162 67 57 34 47 61 42 42 1739 

AFRIKOR 217 17 59 35 17 237 13 37 69 24 46 47 69 38 71 154 70 52 27 49 54 36 40 1478 

AMBITION 283 22 76 45 22 308 17 49 90 32 59 62 89 49 92 201 92 67 35 64 70 47 52 1923 

BASSAM 510 83 128 74 38 515 32 89 89 57 79 106 158 66 167 289 120 102 60 85 110 76 76 3109 

BATIK 604 98 152 88 45 609 37 105 105 67 94 125 187 78 197 342 142 120 71 100 130 89 89 3674 

BOGOLAN 267 44 67 39 20 270 17 47 47 30 42 55 83 35 88 152 63 54 32 45 58 40 40 1635 

CELEBRATION 334 25 85 46 27 354 22 44 89 35 52 56 79 48 103 229 83 60 39 57 74 44 48 2033 

COOL 398 45 100 50 30 390 24 48 52 39 42 54 76 43 85 215 72 52 47 44 75 42 42 2065 

FASCINATION 224 16 60 35 16 239 12 38 70 24 46 48 70 38 70 158 72 52 27 50 55 36 40 1496 

FASHION 386 64 97 57 31 394 26 68 69 44 61 81 120 51 127 218 92 78 46 65 83 58 58 2374 

ILLUSTRATION 295 26 79 46 26 330 22 48 94 34 57 61 86 50 102 209 90 66 38 62 72 47 51 1991 

INNOVATION 348 24 93 54 24 371 18 58 108 37 71 74 108 58 108 245 111 81 41 77 85 56 62 2312 

MAXIOR 368 27 94 50 30 390 24 48 98 39 57 62 87 53 113 252 91 66 43 63 81 49 53 2238 

NOIR ET BLANC 386 54 96 51 32 388 27 52 61 40 47 61 88 45 96 209 76 59 47 49 75 46 47 2132 

PERLES 365 61 91 54 29 373 25 64 65 42 58 76 114 48 120 206 87 74 44 61 79 55 55 2246 

ROYAL 267 17 67 34 20 275 16 32 61 27 37 41 56 36 74 181 60 43 30 41 57 32 35 1539 

SUCCESS 324 28 87 51 29 362 24 53 103 38 63 67 95 54 112 229 98 72 42 68 79 51 56 2185 

TRADITION 208 16 56 33 16 227 13 36 66 23 44 45 66 36 68 147 67 49 26 47 51 34 38 1412 

 6069 714 1559 884 474 6320 387 966 1386 664 999 1180 1719 863 1886 3798 1553 1204 729 1074 1349 880 924 37581 
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Table 21: central order-up-to level 
per collection 𝑆0 (∆0= 1𝐿0𝜇0) 

 Table 22: central order-up-to levels 
per collection  𝑆0  (∆0= 1.25𝐿0𝜇0) 

 Table 23: central order-up-to levels 
per collection 𝑆0 (∆0= 1.5𝐿0𝜇0) 

 

 

  

 

 

  

 
SumS Delta0 S0 

AFRIK 3771 6678 10449 

AFRIKOR 3885 5372 9257 

AMBITION 5056 6998 12054 

BASSAM 4976 11971 16947 

BATIK 5878 14158 20036 

BOGOLAN 3540 6265 9805 

CELEBRATION 4310 4218 8528 

COOL 3392 2645 6037 

FASCINATION 3249 5664 8913 

FASHION 6266 8783 15049 

ILLUSTRATION 5018 5751 10769 

INNOVATION 5046 8798 13844 

MAXIOR 4750 4645 9395 

NOIR ET BLANC 4533 4476 9009 

PERLES 5923 8302 14225 

ROYAL 2846 2425 5271 

SUCCESS 5502 6307 11809 

TRADITION 3717 5138 8855 

 
SumS Delta0 S0 

AFRIK 2067 8347 10414 

AFRIKOR 2388 6715 9103 

AMBITION 3107 8747 11854 

BASSAM 3128 14964 18092 

BATIK 3694 17697 21391 

BOGOLAN 1943 7831 9774 

CELEBRATION 3160 5272 8432 

COOL 2767 3306 6073 

FASCINATION 1778 7080 8858 

FASHION 3845 10979 14824 

ILLUSTRATION 3424 7189 10613 

INNOVATION 2752 10997 13749 

MAXIOR 3479 5806 9285 

NOIR ET BLANC 3316 5595 8911 

PERLES 3637 10378 14015 

ROYAL 2191 3032 5223 

SUCCESS 3757 7884 11641 

TRADITION 2286 6423 8709 

 
SumS Delta0 S0 

AFRIK 1739 10017 11756 

AFRIKOR 1478 8058 9536 

AMBITION 1923 10497 12420 

BASSAM 3109 17956 21065 

BATIK 3674 21236 24910 

BOGOLAN 1635 9397 11032 

CELEBRATION 2033 6326 8359 

COOL 2065 3968 6033 

FASCINATION 1496 8496 9992 

FASHION 2374 13175 15549 

ILLUSTRATION 1991 8627 10618 

INNOVATION 2312 13197 15509 

MAXIOR 2238 6967 9205 

NOIR ET BLANC 2132 6713 8845 

PERLES 2246 12453 14699 

ROYAL 1539 3638 5177 

SUCCESS 2185 9461 11646 

TRADITION 1412 7707 9119 
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Appendix H: Order-up-to levels 𝜷 = 𝟗𝟗% 

 
ACCRA  
MALL 

DEPOT 
EAST  
LEGON 

HIGH 
 STREET 

MOVENPICK 
 BOUTIQUE 

OSU  
BOUTIQUE 

TEMA  
MALL 

BOLGA 
CAPE 
 COAST 

CAPE COAST  
BOUTIQUE 

DUNKWA HO KOFORIDUA 
KOFORIDUA  
BOUTIQUE 

KUMASI 
KUMASI  
BOUTIQUE 

ODA SUNYANI 
SUNYANI  
BOUTIQUE 

TAKORADI 
TAKORADI  
BOUTIQUE 

TAMALE TECHIMAN 

AFRIK 906 172 235 132 76 919 64 150 194 103 133 174 258 117 276 508 203 168 115 141 192 129 129 

AFRIKOR 866 70 230 125 68 909 53 126 276 93 149 162 228 133 318 603 239 173 105 163 202 124 136 

AMBITION 1123 91 297 163 87 1182 68 164 360 120 194 210 297 173 414 781 312 225 135 212 262 161 177 

BASSAM 1175 252 299 179 101 1220 88 217 277 140 194 253 384 162 403 664 285 246 148 206 257 186 186 

BATIK 1388 298 352 212 119 1443 104 256 328 166 230 300 454 191 476 784 337 291 174 244 304 220 219 

BOGOLAN 851 162 221 124 71 862 60 140 182 97 125 163 242 110 259 477 190 157 108 133 180 121 121 

CELEBRATION 981 67 257 134 75 1006 57 126 266 101 150 166 231 141 316 677 245 176 115 167 222 129 140 

COOL 860 113 239 116 77 841 58 113 130 90 99 130 183 99 203 478 169 125 122 104 174 98 98 

FASCINATION 714 66 192 108 58 763 46 113 256 79 135 142 205 116 289 500 213 154 89 146 171 110 121 

FASHION 1511 258 389 212 122 1517 101 232 293 165 207 269 395 186 428 843 325 261 187 218 313 200 201 

ILLUSTRATION 1127 83 296 158 86 1170 66 154 330 118 182 199 280 167 386 781 295 213 133 201 258 154 168 

INNOVATION 1099 101 294 168 88 1183 71 175 398 121 209 220 317 180 448 771 331 239 135 226 263 170 187 

MAXIOR 1078 74 282 147 82 1106 62 139 293 111 165 183 255 155 348 743 270 194 126 184 244 141 154 

NOIR ET BLANC 1109 162 293 151 90 1095 72 154 185 117 136 179 256 131 282 617 225 173 141 144 225 134 134 

PERLES 1429 244 369 201 115 1434 95 219 277 156 196 255 373 176 405 797 308 247 177 206 296 189 190 

ROYAL 660 42 174 89 59 668 43 82 166 69 96 108 148 93 200 454 158 113 80 107 149 84 91 

SUCCESS 1234 91 324 173 93 1282 72 169 362 128 200 218 307 183 423 855 324 234 145 221 282 169 184 

TRADITION 830 67 220 120 65 870 51 120 264 89 143 155 219 128 304 577 229 165 100 156 194 119 130 

Table 24: order-up-to levels 𝑆𝑖  (∆0= 1𝐿0𝜇0,   𝛽𝑖 = 99%) 
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ACCRA  
MALL 

DEPOT 
EAST  
LEGON 

HIGH 
 STREET 

MOVENPICK 
 BOUTIQUE 

OSU  
BOUTIQUE 

TEMA  
MALL 

BOLGA 
CAPE 
 COAST 

CAPE COAST  
BOUTIQUE 

DUNKWA HO KOFORIDUA 
KOFORIDUA  
BOUTIQUE 

KUMASI 
KUMASI  
BOUTIQUE 

ODA SUNYANI 
SUNYANI  
BOUTIQUE 

TAKORADI 
TAKORADI  
BOUTIQUE 

TAMALE TECHIMAN 

AFRIK 494 111 124 80 46 523 41 101 118 63 91 120 183 73 188 280 129 116 64 97 112 87 86 

AFRIKOR 548 54 148 87 47 602 38 92 209 63 110 116 165 93 231 386 171 125 70 118 134 88 97 

AMBITION 712 70 192 113 60 783 49 119 272 81 143 151 215 121 301 501 223 163 90 154 173 115 127 

BASSAM 714 177 179 122 59 759 51 162 186 93 146 195 303 112 309 422 206 188 88 157 173 137 137 

BATIK 845 210 211 144 70 898 60 192 220 110 172 231 358 132 365 499 244 223 103 185 205 162 162 

BOGOLAN 464 104 117 75 43 491 39 95 111 59 86 113 172 69 176 263 121 109 60 91 105 81 81 

CELEBRATION 730 56 192 104 57 768 44 102 220 78 121 132 185 111 256 507 195 140 88 134 169 102 112 

COOL 694 97 182 94 56 686 45 95 112 73 84 108 155 81 172 385 139 105 88 88 141 82 83 

FASCINATION 383 41 107 68 36 438 30 78 166 48 95 97 141 74 158 274 143 106 52 100 100 73 81 

FASHION 971 193 245 144 84 1002 72 167 214 113 150 196 291 129 309 542 224 189 121 159 207 144 144 

ILLUSTRATION 789 68 210 117 63 846 50 119 262 86 141 152 215 125 300 551 225 163 97 155 186 117 128 

INNOVATION 593 63 165 106 55 678 47 120 258 74 148 150 219 115 246 424 222 165 80 156 155 113 125 

MAXIOR 803 62 211 115 62 846 49 113 242 85 134 145 204 122 282 558 215 155 96 147 186 112 123 

NOIR ET BLANC 832 133 214 116 68 835 56 123 151 90 110 143 207 102 226 463 175 138 103 115 171 107 107 

PERLES 918 183 232 136 79 947 68 158 202 107 142 185 275 122 292 512 212 179 115 150 196 137 136 

ROYAL 511 36 135 71 40 529 31 68 141 54 80 88 122 75 167 354 130 93 61 88 117 68 74 

SUCCESS 864 74 229 129 69 927 55 130 287 94 155 167 235 137 329 604 247 179 106 170 204 128 141 

TRADITION 525 51 142 83 45 576 37 88 200 60 105 111 158 89 221 369 164 120 67 113 128 85 93 

Table 25: order-up-to levels 𝑆𝑖  (∆0= 1,25𝐿0𝜇0,   𝛽𝑖 = 99%) 
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Appendix I: Average inventory levels 𝜷 = 𝟗𝟎% 

Table 26: AVG stock at local stock points  (∆0= 1𝐿0𝜇0,   𝛽𝑖 = 90%) 

 
ACCRA  
MALL 

DEPOT 
EAST  
LEGON 

HIGH 
 STREET 

MOVENPICK 
 BOUTIQUE 

OSU  
BOUTIQUE 

TEMA  
MALL 

BOLGA 
CAPE  
COAST 

CAPE COAST  
BOUTIQUE 

DUNKWA HO KOFORIDUA 
KOFORIDUA  
BOUTIQUE 

KUMASI 
KUMASI  
BOUTIQUE 

ODA SUNYANI 
SUNYANI  
BOUTIQUE 

TAKORADI 
TAKORADI  
BOUTIQUE 

TAMALE TECHIMAN 
 

AFRIK 375 52 97 44 22 340 17 47 59 32 40 55 81 37 88 210 70 53 38 44 71 39 40 1951 

AFRIKOR 416 15 97 39 17 347 12 35 74 27 43 50 69 42 88 273 75 52 32 49 78 37 41 2006 

AMBITION 542 20 126 51 21 451 15 45 97 35 56 64 90 54 115 356 97 67 42 64 101 48 52 2609 

BASSAM 436 85 111 62 33 429 29 76 94 47 68 91 137 56 143 247 102 87 50 73 92 64 64 2675 

BATIK 516 100 131 73 39 507 34 90 111 56 80 107 162 65 169 292 120 103 59 85 109 76 75 3157 

BOGOLAN 352 49 92 41 20 319 16 44 55 30 38 52 76 35 83 197 66 50 35 41 67 37 37 1833 

CELEBRATION 514 12 114 40 16 398 11 32 61 27 39 48 64 42 78 332 72 48 34 46 89 35 39 2192 

COOL 424 23 113 36 16 340 11 29 29 24 24 34 46 28 53 234 56 32 0 25 69 24 25 1694 

FASCINATION 316 17 76 35 15 282 12 35 79 24 42 46 66 38 88 211 70 49 28 46 64 34 38 1711 

FASHION 672 68 176 71 33 581 25 67 79 49 58 80 113 57 126 375 111 77 63 61 120 57 57 3177 

ILLUSTRATION 573 16 130 48 20 457 13 40 82 33 49 59 81 51 100 372 89 61 40 57 102 44 48 2565 

INNOVATION 491 26 118 54 24 437 18 53 122 37 66 72 103 58 137 328 108 77 43 73 99 53 59 2656 

MAXIOR 566 13 127 44 18 438 12 36 68 30 43 52 71 46 86 365 79 54 38 51 98 39 43 2416 

NOIR ET BLANC 528 37 140 49 21 435 15 42 44 33 35 48 67 38 77 293 75 46 47 37 88 35 35 2266 

PERLES 636 64 166 66 31 548 23 64 75 46 54 75 108 54 119 355 106 73 60 58 114 54 54 3003 

ROYAL 351 7 78 25 10 265 7 20 37 18 24 30 40 27 48 225 46 30 22 28 59 22 25 1445 

SUCCESS 628 18 143 53 22 501 15 44 89 36 54 64 89 56 110 409 97 67 44 63 112 48 52 2812 

TRADITION 399 15 92 38 16 331 11 33 71 25 41 47 66 40 84 262 71 50 30 47 75 35 39 1919 

 8737 638 2127 870 396 7405 297 833 1327 607 853 1074 1528 822 1793 5336 1509 1076 705 947 1608 779 821 42089 
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Table 27:  AVG stock at local stock points (∆0= 1, 25𝐿0𝜇0,   𝛽𝑖 = 90%) 

 
ACCRA  
MALL 

DEPOT 
EAST  
LEGON 

HIGH 
STREET 

MOVENPICK  
BOUTIQUE 

OSU 
BOUTIQUE 

TEMA  
MALL 

BOLGA 
CAPE  
COAST 

CAPE COAST  
BOUTIQUE 

DUNKWA HO KOFORIDUA 
KOFORIDUA  
BOUTIQUE 

KUMASI 
KUMASI  
BOUTIQUE 

ODA SUNYANI 
SUNYANI  
BOUTIQUE 

TAKORADI 
TAKORADI  
BOUTIQUE 

TAMALE TECHIMAN 
 

AFRIK 158 41 39 29 18 178 16 40 43 23 36 48 73 28 76 93 48 46 22 39 40 34 34 1202 

AFRIKOR 217 19 56 31 17 225 14 33 73 23 40 42 60 34 77 149 61 45 25 43 50 32 35 1400 

AMBITION 282 24 72 41 22 293 18 42 95 29 52 55 78 44 101 195 80 59 33 55 64 42 45 1821 

BASSAM 245 67 62 45 22 266 19 65 68 35 59 79 123 43 125 148 79 75 30 63 63 54 54 1888 

BATIK 290 78 72 53 25 315 23 77 81 41 69 92 145 50 147 174 94 90 36 75 74 64 64 2228 

BOGOLAN 149 39 37 27 16 166 16 37 42 22 34 45 69 26 71 87 46 44 21 37 37 32 32 1132 

CELEBRATION 373 15 87 37 18 325 13 33 66 27 39 45 62 39 80 246 67 47 31 44 71 34 38 1836 

COOL 352 27 93 35 17 299 13 30 31 24 24 34 47 28 54 193 52 33 33 26 60 25 26 1557 

FASCINATION 118 17 36 26 14 150 12 31 62 18 38 38 56 28 59 89 56 42 19 40 36 28 32 1046 

FASHION 378 67 95 52 30 375 26 60 75 41 54 70 105 46 112 209 82 68 45 56 77 52 51 2226 

ILLUSTRATION 371 21 90 42 21 343 16 40 84 31 47 52 74 44 97 248 79 56 35 53 75 40 44 2004 

INNOVATION 182 26 55 40 21 232 19 48 96 28 59 58 86 44 92 138 87 65 29 61 55 44 49 1615 

MAXIOR 411 17 96 41 20 357 15 36 72 29 43 49 68 43 88 270 73 52 34 49 78 38 41 2021 

NOIR ET BLANC 398 39 103 43 22 353 17 41 46 31 35 47 67 36 74 219 66 45 40 37 71 35 35 1901 

PERLES 357 64 90 49 28 354 25 57 71 39 51 66 99 44 106 198 78 65 42 53 73 49 48 2106 

ROYAL 271 9 62 24 12 227 8 21 40 18 25 29 40 26 50 177 44 31 22 29 50 22 25 1262 

SUCCESS 408 23 98 45 24 377 19 43 93 34 52 58 81 49 107 272 86 62 39 58 82 44 48 2199 

TRADITION 207 18 54 30 17 215 13 32 71 22 38 40 58 32 73 143 59 43 24 41 47 30 34 1341 

 5168 612 1298 689 365 5051 302 764 1209 513 795 947 1391 684 1589 3247 1238 968 559 859 1102 700 736 30785 
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Table 28: AVG stock at local stock points (∆0= 1,5𝐿0𝜇0,   𝛽𝑖 = 90%) 

 
ACCRA  
MALL 

DEPOT 
EAST  
LEGON 

HIGH STREET 
MOVENPICK  
BOUTIQUE 

OSU  
BOUTIQUE 

TEMA  
MALL 

BOLGA 
CAPE  
COAST 

CAPE COAST  
BOUTIQUE 

DUNKWA HO KOFORIDUA 
KOFORIDUA  
BOUTIQUE 

KUMASI 
KUMASI  
BOUTIQUE 

ODA SUNYANI 
SUNYANI  
BOUTIQUE 

TAKORADI 
TAKORADI  
BOUTIQUE 

TAMALE TECHIMAN 
 

AFRIK 136 37 34 25 12 148 11 36 38 20 32 44 68 23 69 82 44 42 17 35 35 30 30 1048 

AFRIKOR 101 13 31 23 10 125 8 27 54 14 35 33 51 25 50 77 50 38 16 36 31 25 28 904 

AMBITION 131 17 40 29 13 162 10 36 71 19 45 44 66 33 65 100 66 49 20 47 40 33 37 1175 

BASSAM 243 66 61 44 21 263 19 64 68 35 58 79 122 42 124 146 78 75 30 63 63 54 54 1871 

BATIK 288 77 72 53 25 312 22 76 80 41 69 93 144 49 146 173 93 89 36 74 74 63 63 2210 

BOGOLAN 127 35 32 24 11 138 10 34 36 18 31 41 64 22 65 77 41 40 17 34 33 29 28 987 

CELEBRATION 208 16 52 28 15 209 13 27 59 20 33 35 51 29 65 141 52 38 23 36 45 27 30 1252 

COOL 265 25 69 29 16 238 12 27 29 22 23 31 43 24 49 145 43 29 28 25 47 23 23 1266 

FASCINATION 103 12 31 23 9 124 7 28 56 14 35 34 52 25 49 78 52 38 15 37 32 25 28 911 

FASHION 186 50 47 34 18 204 16 49 52 27 45 60 92 32 94 111 60 58 24 48 48 41 41 1435 

ILLUSTRATION 152 18 43 28 15 180 14 33 68 20 40 41 59 32 68 112 61 45 22 42 42 31 33 1196 

INNOVATION 160 18 49 35 13 193 10 43 86 22 54 53 81 38 76 121 80 60 23 57 49 39 44 1404 

MAXIOR 229 17 58 30 17 230 14 30 65 23 36 39 56 32 71 156 57 42 25 40 49 30 33 1378 

NOIR ET BLANC 234 35 59 30 18 228 16 32 40 23 29 38 57 27 61 129 47 37 27 30 45 28 29 1301 

PERLES 176 48 43 33 16 193 15 46 49 26 43 56 87 30 89 105 57 55 23 45 45 39 39 1359 

ROYAL 181 10 44 20 11 167 9 19 37 15 22 25 34 21 44 120 36 26 17 25 36 19 21 957 

SUCCESS 167 19 48 31 17 197 15 36 75 22 44 45 66 34 74 122 66 49 24 46 46 33 37 1313 

TRADITION 97 12 29 21 9 120 8 27 52 14 33 32 49 24 48 73 48 36 15 35 29 24 27 863 

 3184 527 843 541 266 3431 228 671 1014 395 708 821 1242 544 1305 2067 1033 847 402 755 790 595 624 22833 
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Table 29: Avg stock per collection 
(∆0= 1𝐿0𝜇0) 

 Table 30: Avg stock per collection 
(∆0= 1.25𝐿0𝜇0 

 Table 31: Avg stock per collection 
(∆0= 1.5𝐿0𝜇0) 

 
Icentral Ipipe Ilocal 

 
AFRIK 1126 159 1202 2488 

AFRIKOR 775 128 1400 2303 

AMBITION 923 167 1821 2910 

BASSAM 2315 285 1888 4488 

BATIK 2680 337 2228 5246 

BOGOLAN 1075 149 1132 2356 

CELEBRATION 483 100 1836 2419 

COOL 314 63 1557 1934 

FASCINATION 984 135 1046 2165 

FASHION 1098 209 2226 3534 

ILLUSTRATION 674 137 2004 2814 

INNOVATION 1364 209 1615 3189 

MAXIOR 508 111 2021 2640 

NOIR ET BLANC 511 107 1901 2519 

PERLES 1056 198 2106 3360 

ROYAL 326 58 1262 1646 

SUCCESS 713 150 2199 3062 

TRADITION 753 122 1341 2217 

 17680 2824 30785 51289 

 
Icentral Ipipe Ilocal 

 
AFRIK 2405 159 1048 3612 

AFRIKOR 1670 128 904 2702 

AMBITION 2100 167 1175 3442 

BASSAM 5024 285 1871 7181 

BATIK 5927 337 2210 8475 

BOGOLAN 2268 149 987 3405 

CELEBRATION 1030 100 1252 2383 

COOL 608 63 1266 1938 

FASCINATION 2059 135 911 3105 

FASHION 2584 209 1435 4229 

ILLUSTRATION 1513 137 1196 2846 

INNOVATION 3091 209 1404 4705 

MAXIOR 1108 111 1378 2597 

NOIR ET BLANC 1093 107 1301 2500 

PERLES 2458 198 1359 4014 

ROYAL 623 58 957 1638 

SUCCESS 1632 150 1313 3096 

TRADITION 1608 122 863 2593 

 38802 2824 22833 64459 

 
Icentral Ipipe Ilocal 

 
AFRIK 321 159 1951 2431 

AFRIKOR 231 128 2006 2365 

AMBITION 241 167 2609 3016 

BASSAM 523 285 2675 3483 

BATIK 552 337 3157 4046 

BOGOLAN 316 149 1833 2298 

CELEBRATION 156 100 2192 2448 

COOL 124 63 1694 1881 

FASCINATION 296 135 1711 2141 

FASHION 262 209 3177 3649 

ILLUSTRATION 190 137 2565 2892 

INNOVATION 327 209 2656 3193 

MAXIOR 157 111 2416 2684 

NOIR ET BLANC 165 107 2266 2537 

PERLES 260 198 3003 3461 

ROYAL 132 58 1445 1635 

SUCCESS 192 150 2812 3155 

TRADITION 229 122 1919 2271 

 4674 2824 42089 49586 
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Appendix J: Average inventory 𝜷 = 𝟗𝟗% 

 
ACCRA  
MALL 

DEPOT 
EAST  
LEGON 

HIGH STREET 
MOVENPICK  
BOUTIQUE 

OSU  
BOUTIQUE 

TEMA  
MALL 

BOLGA 
CAPE  
COAST 

CAPE COAST  
BOUTIQUE 

DUNKWA HO KOFORIDUA 
KOFORIDUA  
BOUTIQUE 

KUMASI 
KUMASI  
BOUTIQUE 

ODA SUNYANI 
SUNYANI  
BOUTIQUE 

TAKORADI 
TAKORADI  
BOUTIQUE 

TAMALE TECHIMAN 

AFRIK 605 123 164 85 40 577 32 101 139 62 88 119 181 73 191 349 137 115 71 95 129 85 84 

AFRIKOR 621 35 160 76 32 569 21 78 185 51 95 104 150 83 205 425 157 113 61 105 136 76 85 

AMBITION 804 45 206 100 40 739 27 101 241 66 124 135 195 107 267 549 205 146 78 137 176 98 111 

BASSAM 762 197 200 120 59 777 51 159 214 91 142 188 294 109 302 445 203 183 93 152 175 134 133 

BATIK 899 233 234 142 70 919 60 187 254 108 168 223 348 129 356 525 240 217 108 180 207 158 157 

BOGOLAN 568 116 154 80 38 541 30 94 130 59 83 112 170 69 179 328 128 107 67 89 121 79 79 

CELEBRATION 723 26 180 77 32 622 20 69 155 52 86 98 139 82 181 486 149 104 64 98 148 72 80 

COOL 598 57 180 68 38 515 23 60 67 47 50 71 99 53 111 341 103 67 79 53 115 50 50 

FASCINATION 500 39 133 69 29 483 21 76 186 46 93 97 144 76 202 347 148 106 54 100 116 72 81 

FASHION 1020 169 275 130 59 942 44 145 193 94 127 172 258 110 277 585 212 167 112 135 208 121 122 

ILLUSTRATION 820 36 206 93 37 727 24 89 205 62 110 122 175 100 233 555 186 132 75 123 172 89 100 

INNOVATION 766 60 202 108 44 748 32 117 289 70 144 149 222 118 312 533 230 165 81 155 178 111 125 

MAXIOR 794 29 198 84 35 683 21 76 171 57 94 108 153 90 199 533 164 115 70 108 163 78 88 

NOIR ET BLANC 762 92 214 90 41 673 28 87 107 62 74 104 150 73 166 436 140 100 85 80 148 73 73 

PERLES 965 160 261 124 56 890 41 137 183 88 121 163 244 104 262 554 201 158 106 128 197 115 115 

ROYAL 493 15 124 51 29 414 16 43 91 36 53 62 86 53 109 329 93 65 46 61 100 46 50 

SUCCESS 898 40 226 102 40 796 26 98 225 67 121 133 192 109 256 608 204 145 81 136 188 98 109 

TRADITION 596 33 153 74 30 545 21 74 177 49 92 100 144 80 196 407 151 107 58 101 131 73 81 

Table 32: average inventory local stock points (∆0= 1𝐿0𝜇0,   𝛽𝑖 = 99%) 
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ACCRA 
MALL 

DEPOT 
EAST 
LEGON 

HIGH 
STREET 

MOVENPICK 
BOUTIQUE 

OSU 
BOUTIQUE 

TEMA 
MALL 

BOLGA 
CAPE 
COAST 

CAPE 
COAST 
BOUTIQUE 

DUNKWA HO KOFORIDUA 
KOFORIDUA 
BOUTIQUE 

KUMASI 
KUMASI 
BOUTIQUE 

ODA SUNYANI 
SUNYANI 
BOUTIQUE 

TAKORADI 
TAKORADI 
BOUTIQUE 

TAMALE TECHIMAN 

AFRIK 318 95 80 58 32 348 30 81 98 46 74 98 153 54 154 186 98 95 43 79 79 70 68 

AFRIKOR 389 40 106 63 30 416 24 70 170 43 85 88 128 68 180 276 131 96 48 91 97 65 73 

AMBITION 505 52 138 82 38 541 31 90 221 55 111 115 167 89 235 357 171 126 62 118 125 85 96 

BASSAM 439 158 110 91 41 500 38 136 163 70 124 167 265 87 264 275 163 160 58 134 124 115 114 

BATIK 520 188 129 108 49 591 44 162 192 83 146 197 313 102 312 325 193 190 67 158 147 136 135 

BOGOLAN 299 89 76 55 30 327 28 77 93 43 70 92 144 51 144 175 92 89 40 74 74 65 64 

CELEBRATION 552 32 142 70 32 525 22 68 156 49 83 91 130 75 177 378 137 97 57 93 122 68 76 

COOL 506 60 139 61 30 458 22 59 70 44 51 68 98 50 110 287 93 66 58 54 100 49 50 

FASCINATION 245 34 73 51 25 295 22 64 142 34 79 78 116 57 126 181 116 87 37 82 71 58 65 

FASHION 676 155 174 102 55 687 46 126 170 78 113 151 228 92 238 385 166 145 82 121 149 107 107 

ILLUSTRATION 584 44 154 81 37 583 28 85 198 56 103 110 158 88 220 405 165 119 64 113 135 82 91 

INNOVATION 379 51 112 80 39 455 34 98 221 53 123 121 180 88 196 279 179 135 56 127 110 89 100 

MAXIOR 607 36 155 77 34 578 25 76 172 53 92 100 143 83 195 416 151 108 62 102 134 75 83 

NOIR ET 
BLANC 

602 93 160 78 39 567 30 83 106 57 73 99 144 67 157 342 123 95 68 77 122 71 71 

PERLES 639 147 165 97 51 649 44 120 161 74 107 142 215 87 225 364 157 137 78 114 141 102 101 

ROYAL 392 19 100 46 21 359 15 43 94 33 53 59 82 49 109 267 88 62 39 58 84 43 48 

SUCCESS 639 48 167 90 41 639 31 92 217 61 113 121 173 96 241 444 181 131 70 124 148 90 100 

TRADITION 373 38 102 60 29 398 23 67 162 41 81 85 123 65 172 264 126 93 46 87 93 63 70 

Table 33: average inventory local stock points (∆0= 1,25𝐿0𝜇0,   𝛽𝑖 = 99%) 
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Table 34: Average inventory levels 

(∆0= 1𝐿0𝜇0) 
 Table 35: Average inventory levels 

(∆0= 1,25𝐿0𝜇0) 

   
  

Collection Icentral Ipipe Ilocal 

AFRIK 321 159 3644 
AFRIKOR 231 128 3625 
AMBITION 241 167 4699 
BASSAM 523 285 5181 
BATIK 552 337 6122 
BOGOLAN 316 149 3421 
CELEBRATION 156 100 3742 
COOL 124 63 2894 
FASCINATION 296 135 3218 
FASHION 262 209 5679 
ILLUSTRATION 190 137 4473 
INNOVATION 327 209 4959 
MAXIOR 157 111 4111 
NOIR ET BLANC 165 107 3859 
PERLES 260 198 5373 
ROYAL 132 58 2465 
SUCCESS 192 150 4896 
TRADITION 229 122 3472 

Collection Icentral Ipipe Ilocal 

AFRIK 1126 159 2437 
AFRIKOR 775 128 2780 
AMBITION 923 167 3610 
BASSAM 2315 285 3795 
BATIK 2680 337 4487 
BOGOLAN 1075 149 2290 
CELEBRATION 483 100 3232 
COOL 314 63 2583 
FASCINATION 984 135 2135 
FASHION 1098 209 4353 
ILLUSTRATION 674 137 3703 
INNOVATION 1364 209 3306 
MAXIOR 508 111 3557 
NOIR ET BLANC 511 107 3325 
PERLES 1056 198 4117 
ROYAL 326 58 2165 
SUCCESS 713 150 4057 
TRADITION 753 122 2662 
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Appendix K: Average inventory (product group level) 𝜷 = 𝟗𝟎% 

 

Table 36: Avg. inventory local stock points (𝑐 = 1) 

 

 
ACCRA  
MALL 

DEPOT 
EAST  
LEGON 

HIGH STREET 
MOVENPICK  
BOUTIQUE 

OSU  
BOUTIQUE 

TEMA  
MALL 

BOLGA 
CAPE  
COAST 

CAPE COAST  
BOUTIQUE 

DUNKWA HO KOFORIDUA 
KOFORIDUA  
BOUTIQUE 

KUMASI 
KUMASI  
BOUTIQUE 

ODA SUNYANI 
SUNYANI  
BOUTIQUE 

TAKORADI 
TAKORADI  
BOUTIQUE 

TAMALE TECHIMAN 
 

Metallic 2841 189 707 356 186 2744 147 358 752 258 433 466 664 383 825 1927 692 502 291 473 608 354 391 16545 

Non-Metallic 2327 423 591 333 179 2307 155 406 457 256 362 481 727 301 764 1320 545 466 269 387 495 345 345 14241 

Grand Total 5168 612 1298 689 365 5051 302 764 1209 513 795 947 1391 684 1589 3247 1238 968 559 859 1102 700 736 30785 

Table 37: Avg. inventory local stock points (𝑐 = 1,25) 

 

 
ACCRA  
MALL 

DEPOT 
EAST  
LEGON 

HIGH STREET 
MOVENPICK  
BOUTIQUE 

OSU  
BOUTIQUE 

TEMA  
MALL 

BOLGA 
CAPE  
COAST 

CAPE COAST  
BOUTIQUE 

DUNKWA HO KOFORIDUA 
KOFORIDUA  
BOUTIQUE 

KUMASI 
KUMASI  
BOUTIQUE 

ODA SUNYANI 
SUNYANI  
BOUTIQUE 

TAKORADI 
TAKORADI  
BOUTIQUE 

TAMALE TECHIMAN 
 

Metallic 1529 153 425 268 130 1706 108 307 623 184 378 380 565 294 610 1100 569 422 200 401 399 287 318 11355 

Non-Metallic 1654 374 418 273 137 1725 121 365 391 211 330 440 677 251 695 967 463 425 202 354 391 308 307 11478 

Grand Total 3184 527 843 541 266 3431 228 671 1014 395 708 821 1242 544 1305 2067 1033 847 402 755 790 595 624 22833 

Table 38: Avg. inventory local stock points (𝑐 = 1,5) 

 

  

 
 

ACCRA  
MALL 

DEPOT 
EAST  
LEGON 

HIGH STREET 
MOVENPICK  
BOUTIQUE 

OSU  
BOUTIQUE 

TEMA  
MALL 

BOLGA 
CAPE  
COAST 

CAPE COAST  
BOUTIQUE 

DUNKWA HO KOFORIDUA 
KOFORIDUA  
BOUTIQUE 

KUMASI 
KUMASI  
BOUTIQUE 

ODA SUNYANI 
SUNYANI  
BOUTIQUE 

TAKORADI 
TAKORADI  
BOUTIQUE 

TAMALE TECHIMAN 
 

Metallic 4796 158 1100 427 181 3907 127 374 780 291 457 532 738 454 935 3133 803 555 353 523 878 394 434 22332 

Non-Metallic 3941 479 1026 443 215 3498 170 459 547 316 397 542 790 368 858 2203 706 522 352 424 729 385 387 19756 

Grand Total 8737 638 2127 870 396 7405 297 833 1327 607 853 1074 1528 822 1793 5336 1509 1076 705 947 1608 779 821 42089 
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Appendix L: Comparison actual inventory and optimal inventory per store 

Shoptype   Shop   Metallic   Non-Metallic   Grand Total   Actual Metallic   Actual Non-metallic   Actual Total  
 

 Retail   ACCRA MALL  7016 6179 13196 3339 5227 8566 65% 

 Wholesale   DEPOT  359 1148 1507 5 18 23 2% 

 Retail   EAST LEGON  1787 1683 3470 3477 4453 7930 229% 

 Retail   HIGH STREET  835 838 1673 1384 1657 3042 182% 

 Retail   MOVENPICK BOUTIQUE  347 401 748 2521 3241 5762 771% 

 Retail   OSU BOUTIQUE  6326 5834 12160 8016 9489 17505 144% 

 Retail   TEMA MALL  229 308 537 960 1330 2290 426% 

 Wholesale   BOLGA  820 971 1792 316 284 600 34% 

 Wholesale   CAPE COAST  1925 1286 3211 152 145 297 9% 

 Retail   CAPE COAST BOUTIQUE  556 611 1166 3859 2591 6450 553% 

 Wholesale   DUNKWA  1012 852 1864 207 373 580 31% 

 Wholesale   HO  1110 1153 2262 54 117 172 8% 

 Wholesale   KOFORIDUA  1601 1742 3343 113 161 275 8% 

 Retail   KOFORIDUA BOUTIQUE  897 721 1618 1170 1311 2482 153% 

 Wholesale   KUMASI  2161 1843 4004 831 671 1502 38% 

 Retail   KUMASI BOUTIQUE  4771 3564 8335 3222 5302 8524 102% 

 Wholesale   ODA  1687 1365 3052 365 582 947 31% 

 Wholesale   SUNYANI  1198 1113 2312 492 408 900 39% 

 Retail   SUNYANI BOUTIQUE  667 722 1389 9555 4902 14457 1041% 

 Wholesale   TAKORADI  1124 912 2036 227 537 764 38% 

 Retail   TAKORADI BOUTIQUE  1508 1300 2809 2809 4044 6853 244% 

 Wholesale   TAMALE  814 815 1629 125 107 232 14% 

 Wholesale   TECHIMAN  909 814 1723 132 176 308 18% 

    75834   90458 119% 

Table 39: Comparison optimal local stock with real local stock (𝑐 = 1,      𝛽 = 99%) 
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Shoptype Shop Metallic Non-Metallic Grand Total Actual Metallic Actual Non-metallic Actual Total 

 Retail ACCRA MALL 4666 3998 8664 3339 5227 8566 99% 

 Wholesale  DEPOT 393 983 1376 5 18 23 2% 

 Retail  EAST LEGON 1250 1034 2284 3477 4453 7930 347% 

 Retail  HIGH STREET 700 650 1349 1384 1657 3042 225% 

 Retail  MOVENPICK BOUTIQUE 327 327 655 2521 3241 5762 880% 

 Retail  OSU BOUTIQUE 4789 4128 8916 8016 9489 17505 196% 

 Retail  TEMA MALL 255 282 536 960 1330 2290 427% 

 Wholesale  BOLGA 753 844 1598 316 284 600 38% 

 Wholesale  CAPE COAST 1753 1052 2805 152 145 297 11% 

 Retail  CAPE COAST BOUTIQUE 476 495 971 3859 2591 6450 664% 

 Wholesale  DUNKWA 923 759 1682 207 373 580 34% 

 Wholesale  HO 968 1014 1981 54 117 172 9% 

 Wholesale  KOFORIDUA 1401 1562 2963 113 161 275 9% 

 Retail  KOFORIDUA BOUTIQUE 758 590 1348 1170 1311 2482 184% 

 Wholesale  KUMASI 1852 1603 3454 831 671 1502 43% 

 Retail  KUMASI BOUTIQUE 3266 2338 5604 3222 5302 8524 152% 

 Wholesale  ODA 1447 1085 2532 365 582 947 37% 

 Wholesale  SUNYANI 1054 978 2032 492 408 900 44% 

 Retail  SUNYANI BOUTIQUE 541 494 1034 9555 4902 14457 1398% 

 Wholesale  TAKORADI 996 812 1808 227 537 764 42% 

 Retail  TAKORADI BOUTIQUE 1118 937 2055 2809 4044 6853 333% 

 Wholesale  TAMALE 719 715 1433 125 107 232 16% 

 Wholesale  TECHIMAN 801 711 1513 132 176 308 20% 

    58596   90458 154% 

Table 40: Comparison optimal local stock with real local stock (𝑐 = 1, 25,      𝛽 = 99%) 

 


