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Abstract  
Flexibility measures are an effective means to cope with a volatile business environment. 
This paper proposes a procedure for the identification of product-customer-segments and 
the application of appropriate flexibility measures, hence allowing for proper treatment of 
heterogeneous product-customer groups’ requirements. The concept is evaluated using 
DES in an industrial scenario. 
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Motivation and problem statement  
Today’s supply chains compete in an increasingly complex, dynamic and uncertain 
business environment. Increased customer expectations, e.g. the demand for more 
product choice and features, for more responsive logistical services, and higher product 
availability, drive market dynamics. To alleviate the impact of unanticipated changes in 
supply or demand caused by these market dynamics, enterprises need to ask themselves 
how well their supply chain can adapt to changes. 

 Typical flexibility measures that target the compensation of uncertainties in 
supply chains are keeping safety stocks of finished goods and flexible capacities in 
production or distribution. The beneficial impact of these and other measures on the 
supply chain performance (e.g. delivery reliability) has already been shown in literature 
and is generally agreed upon long since (Godsell et al. 2011, Pfeiffer et al. 2012). 
Nonetheless, in their analyses of flexibility measures, researchers so far do not 
distinguish between different supply chain segments, although the application of 
measures is not equally beneficial for all product or customer groups. A more 
differentiated view on the supply chain in flexibility management is required, and a 
possible solution lies in the application of a segmentation strategy with the purpose of 
identifying distinct segments prior to the flexibility measure application. 

This paper seeks to address this issue by introducing a segmentation procedure 
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within flexibility management in order to allow for a product-customer-segment specific 
application of flexibility measures. We show that segment-tailored supply networks with 
homogeneous customer and product segments can improve flexibility management 
regarding benefits in terms of improved delivery reliability and profit. The approach is 
exemplarily evaluated in a practical scenario from the table-top product manufacturing 
industry using discrete event simulation. 

 The theoretical basics on supply chain flexibility and segmentation are 
introduced in the following section. Afterwards, the product-customer-segment specific 
flexibility management approach is explained, and the exemplary application as well as 
the evaluation results are presented. The paper concludes with comments on the 
managerial implications and limitations, a conclusion, and an outlook. 

 
Theoretical basics 
Supply chain flexibility 
As a result of the extensive debate about the definition and characterization of flexibility, 
the research community has broadly agreed upon flexibility being a multi-dimensional 
construct (Sethi and Sethi 1990). We follow the definition from (Pfeiffer, Anwander and 
Hellingrath 2013): “Supply chain flexibility is the ability of a supply chain to change its 
structures, processes, resources, and steering mechanisms in the bounds of a given scope 
of action (given flexibility potentials).” 

Current research has also suggested a large variety of flexibility types and 
dimensions, like lead time, product mix or routing flexibility, to name a few (More and 
Subash Babu 2008). We do not intend to fully investigate all potential flexibility types, 
but concentrate our analysis on volume flexibility, which is the ability to change the 
output level of products produced and delivered, and was already suggested by Beamon 
in 1999 (Beamon 1999). Volume flexibility is one of the most named flexibility types in 
the dominant literature and proven to have significant impact on delivery performance, 
especially in an uncertain supply chain environment with volatile demand (Jack and 
Raturi 2002). 

Existing work on the conceptualization and measurement of supply chain 
flexibility has shown that flexibility range, time, and costs are the most important 
characteristics needed for a meaningful description of flexibility (Pfeiffer and Hellingrath 
2011). The range corresponds to the question of what is changed and to which extent. It 
may denominate a capability, capacity, or behavior, or even a parameter of the 
aforementioned, which belongs to a supply chain’s resources, structures, processes, or 
steering mechanisms. The extent of change is restricted within certain bounds, which 
define the scope of action. Regarding the time dimension, a distinction is to be made 
between the time needed for the setup of a flexibility measure and its effective use (cf. 
Aprile et al. 2005). While the flexibility potential is created in the long term, it is utilized 
in the medium or short term by the modification of supply, production, and distribution 
plans in order to cope with variability in demand volume and mix. 

Similarly, the costs of a flexibility measure are distinguished into the costs for its 
setup and its utilization. For instance, quantity- or time-flexible contracts for the flexible 
sourcing of goods are measures where character and amount of costs due to their setup 
and utilization differ. While the setup may require high negotiation efforts, the utilization 
typically comes along with penalty payments for purchase quantities differing from 
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forecasts or generally higher prices per item purchased. In general, the flexibility costs 
need to be practicable as well as reasonable when compared to the expected benefits. 

 
Segmentation approaches 
The theory of market segmentation was born out of the predominant idea that individual 
customers demonstrate heterogeneous demand and diversified requirements with regard 
to product and logistical characteristics (Smith 1956). Within the supply chain 
management context, segmentation approaches have revolved mainly around three 
fundamental segmentation approaches: the product-driven, customer-driven and the 
combined product-and customer-driven approach. 

Product-driven segmentation on the one hand is the most prevalent and long-
established form. It originated in Fisher’s paper, in which the author suggests that 
different supply chain strategies are necessary for different product types (Fisher 1997). 
The output of product-driven segmentation is a set of product segments matched to 
appropriate supply chain strategies and solutions (cf. e.g. Christopher and Gattorna 2005, 
Lee 2002, Lovell et al. 2005, Vonderembse et al. 2006). On the other hand, the central 
idea of customer-driven segmentation is to conduct a detailed analysis of the customer 
base and to identify key segments. Researchers supporting this approach argue that 
product-oriented segmentation neglects customer-oriented criteria, such as logistics 
service expectations, revenue per customer and price sensitivity (cf. Walters 2006, 
Gattorna 2006). Lovell et al. e.g. propose a list of market-related variables that affect 
decisions on market segmentation, supply chain selection, and design (Lovell et al. 2005). 
Nevertheless, the proposed approaches have recently been criticized by researchers for 
being largely theoretical, too vague, and lacking empirical evidence and validation 
(Godsell et al. 2011). 

Since product features and customer requirements both have a significant impact 
on supply chain decisions, the aforementioned segmentation approaches should be 
considered in combination. Several researchers have undertaken attempts to integrate 
both segmentation approaches and apply them in practice. For example, Godsell et al. 
propose a dual segmentation approach (Godsell et al. 2011). In a first step, the authors 
make use of important product-centric variables, namely the duration of the product life 
cycle, delivery lead times, volumes, variety and variability, to perform product 
segmentation. In the second step, the customers are then classified into two distinct 
groups with regard to their demand variability and order volume. Although the benefits of 
a combined segmentation approach are confirmed theoretically, only few practical cases 
can be found. Due to the aforementioned advantages, however, we expect the combined 
product-customer segmentation to be more beneficial. Consequently, we adopt this 
segmentation approach for the purpose of improving supply chain flexibility management, 
and describe the general concept in the following section. 

 
Introducing segmentation procedures into flexibility management 
A product-customer-segment specific flexibility management approach 
In order to overcome the drawbacks of an undifferentiated supply chain flexibility 
management, we suggest the segment-specific application of flexibility measures 
following a four-step approach (cf. Figure 1). In the first step, the flexibility objectives 
are defined, including, for example, which target flexibilities (e.g. volume flexibility) to 
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a hierarchical clustering method is used to identify the suitable number of clusters which 
is unknown in advance. We make use of the ward algorithm, because the following 
assumptions are fulfilled: outlier elimination in the data set, and existence of quantitative, 
metrically scaled variables (cf. Bergs 1980). We decide on the number of clusters to 
retain from the data as well as the corresponding boundaries by means of the so called 
elbow criterion (Backhaus 2011). This includes calculating all possible clusters ranging 
from a single, large cluster (having the highest heterogeneity measure) to many single-
item clusters with a heterogeneity measure equal to zero. We plot the number of clusters 
on the x-axis against the distance at which clusters are combined on the y-axis. 
Afterwards, we search for the distinctive break (elbow) which determines the best 
amounts of clusters. As argued by Backhaus et al., the distinctive break between the first 
and the second cluster is neglected, because the highest heterogeneity gradient can 
always be found there (Backhaus 2011). 
 
Selecting and evaluating flexibility measures 
The subsequent selection of flexibility measures to apply to particular product-customer-
segments is divided into two steps. A rule-based procedure first detects all flexibility 
measures that are not applicable in a segment or not beneficial regarding the flexibility 
objectives. Non-applicability in a segment on one hand is e.g. given if a measure 
concentrates on build-to-stock processes while build-to-order products were selected 
during the segmentation. On the other hand, a measure does not contribute to a flexibility 
objective if, for example, improving the target flexibility addressed by the measure is not 
a selected goal. Furthermore, the lead times and costs that come along with the flexibility 
measure application may not fit to the defined objectives as well. If a certain level of 
flexibility shall be reached in two weeks, measures that need more time to take effect can 
be disregarded. Based on these attributes (like setup lead times) and relations between 
target flexibilities and flexibility measures, the rule-based pre-selection is performed. The 
measures’ attributes and relations need to be assessed in advance, but vary from case to 
case and can therefore not be generally defined. Relevant flexibility measures are general 
measures available in literature, but may also include best practices specific to the 
company applying this approach. In practice, however, the rule-based selection procedure 
can be implemented in information systems and may be automatically executed. 

In the second step, the remaining flexibility measures need to be evaluated, and 
there are several aspects to take into account. First, the costs of flexibility have to be 
balanced with the expected benefits. Flexibility measures have to be selected for each 
segment, and the supply chain wide benefits as well as time and costs needed for the 
implementation have to be appraised. Unfortunately, their exact calculation is sometimes 
difficult (Pibernik 2003). For instance, initiatives to improve flexibility are most often 
triggered by uncertainties in the environment that expose businesses to risks. The benefits 
of flexibilities that reduce vague negative impacts of such risks are not easily 
measureable. As Jack and Raturi state, “the major problem is that flexibility inherently 
represents a capability that may not be exercised” (Jack and Raturi 2002). 

There can also be interdependencies between flexibility measures in the same or 
across multiple segments. For instance, Krajewski et al. describe different scenarios 
where either manufacturing postponement or frequent production schedule updates are 
used as a means to improve volume and mix flexibility to cope with uncertainties in 
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demand (Krajewski et al. 2005). In some settings, several flexibility measures can or 
should be used together to jointly improve flexibility. Gosling et al. (Gosling et al. 2010) 
describe a scenario in which different flexibility measures that seem to be opposed to 
each other at first glance are jointly used to enhance flexibility in procurement. On the 
contrary, some flexibility measures can hardly be applied simultaneously. 

We suggest using discrete event simulation (DES) to cope with these issues. DES 
allows for the modeling of a supply chain’s dynamic planning and operational processes 
as well as their complex interdependencies. It is well suited to perform a case-specific 
analysis in order to compare the (conjoint) application of flexibility measures to 
particular product-customer-segments while incorporating uncertainties. By running 
multiple experiments, the balancing of flexibility costs and benefits can be investigated 
and the behavior of cost and performance metrics with reference to the flexibility 
measures applied can be examined. Furthermore, the simulation model may be built on 
the data and performance metrics already available in a company’s information systems, 
or could – in a more mature stage of development – even be integrated into them. In the 
following, we apply our approach in an example scenario from the table-top product 
manufacturing industry and demonstrate how it can improve flexibility management. 

 
Exemplary application in the table-top product manufacturing industry 
Practical context 
The enterprise at focus is a producer of premium table-top products and packaging 
solutions for take-away food. The product portfolio ranges from candles, table coverings, 
plates & serving items to cups & glasses, cutlery, and party accessories. 88% of their 
production is made-to-stock (MTS) and 12% is made-to-order (MTO). The company has 
about 2,000 employees in 17 countries. Its brand is sold in over 40 markets and holds a 
number one position in Central and Northern Europe. The supply network comprises 
three echelons: a paper mill (supplier of raw materials), a converting plant, an 
international distribution center (IDC) which is located next to the plant, and regional 
distribution centers (RDCs) in different countries. A weekly planning run is carried out 
which determines a production plan, replenishment quantities, and shipment plans for all 
locations in the network. Raw materials requested from the paper mill are delivered to a 
raw material warehouse belonging to the plant. The regional distribution centers and the 
IDC serve the final customers. Some seasonal articles are sold for approximately three 
months only. Due to the seasonality, these products are subject to high variance in 
demand especially at the beginning and end of a product life cycle. Approximately 25% 
of the collection is replaced each year in response to that and to create new trends. 
Nonetheless, one of the most important business objectives is to serve customer orders at 
a delivery reliability of 90%. In a business that is characterized by demand fluctuations 
that are hard to predict, this target makes volume flexibility a major flexibility need. 

Regarding the measurement, we restrict our analysis to the delivery reliability, 
operational costs, turnover and profit. By this we use metrics which are already available 
in most performance measurement systems and thus enable a quick implementation (both 
technically and organizationally) without any need for extra information to be gathered. 
Delivery reliability relates the amount of goods delivered in time to the total amount of 
goods ordered. It is calculated for each product, period, distribution center, product-
customer-segment, and the whole supply chain. The segment-specific delivery reliability 
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Evaluation results 
We obtain inferences about the problem entity by conducting experiment runs of the 
simulation models using the software “AnyLogic” and following the simulation 
guidelines described in (Rabe and Hellingrath 2001). The simulation models are first 
run with default parameters as used by the industrial partner. Thus, KPIs concerning the 
actual operations can be measured with the help of historical industrial data and serve as 
the basis for comparisons. The model, i.e. the flowcharts, graphical models, and formal 
specifications, as well as the simulation results of this basic scenario are validated by 
representatives of the partner company. 

Leasing additional warehouse capacity and running extra shifts to cope with 
throughput peaks (regarding incoming and outgoing shipments) are then made available 
to the master planning algorithm as potential flexibility measures. In weekly master 
planning runs, a cost optimization problem is solved which plans inventories, production, 
transportation and sourcing volumes, and the flexibility range to implement. Besides 
simulation runs which evaluate the segment-independent application of these flexibility 
measures, i.e. applying them indifferently to all products and customers, further 
simulation runs investigate the effects of implementing flexibility for a prioritized 
product-customer segment only. 
 
Delivery reliability of products 
[not prio. / prioritized / total] 

Demand scenario 
Basic scenario Demand increase Regional dem. peak 

Without flexibility 60,52 51,29 55,32 62,74 49,85 55,61 62,48 57,69 59,80 
Segment-independent flex. 86,37 77,96 81,73 87,36 78,77 82,65 84,96 68,43 75,86 
Segment-specific flexibility 83,55 90,49 87,31 79,41 85,75 82,82 69,18 83,45 77,06 

Table 1 – Comparison of delivery reliabilities (in %) 
 
Table 1 shows three different demand scenarios of the table-top producer for chosen 
MTS products over four months. In the basic demand scenario we make use of the 
historical demand. In the second scenario we increase the overall demand by 10 percent. 
In the third demand scenario we increase the demand in only one country by 20 percent 
in order to show that it is not only possible to apply the segment-specific flexibility 
measures for the whole supply chain but even more focused on one dedicated location. 
For each demand scenario we calculate the delivery reliabilities according to a) applying 
no flexibility measures, b) segment-independent and c) segment-specific flexibility 
measures. Furthermore we differentiate between the total delivery reliability, and the 
delivery reliability for prioritized and not prioritized segments. 
 The results first show that implementing flexibility measures generally improves 
the delivery reliability, independent of using a segment-specific approach or not. The 
segment-specific application, however, allows for a more focused application. Taking the 
basic scenario as example, the improvement of delivery reliability for prioritized products 
is larger in the case of a segment-specific flexibility measure application, whereas non-
segment products show a higher performance with a segment-independent application. 
Both approaches improve the delivery reliability, but the segment-specific application 
allows for a more focused application, i.e. it shifts the benefits gained from implementing 
flexibility towards the prioritized segments. Furthermore, it can be seen that non-segment 
products also profit from the segment-specific application, because the leasing of 
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warehouse capacity and running extra shifts have location-wide effects. Thus, although 
the decision about their implementation is segment-dependent, non-segment products 
benefit from their effects as well, but to a lesser extent. Similar conclusions hold for the 
demand scenarios with a general increase in demand and a regional demand peak. 

The beneficial impact of applying the flexibility measures only to prioritized 
product-customer segments becomes even clearer with a look at the costs and the profit 
related to the scenarios (cf. Figure 3). Across all scenarios, a segment-specific application 
of flexibility measures leads to a higher profit than the undifferentiated application. With 
unconstrained flexibility measures, i.e. with an unlimited flexibility potential, the 
segment-independent application would lead to the best results, because additional profit 
would be gained from increasing the sales volumes of all products with a positive 
contribution margin. In the scenario at focus, however, there are upper bounds to the 
leasable capacities and extra shifts. Therefore, targeting the flexibility measure 
application to the most beneficial customers and products leads to the better results in 
terms of profit. 

 

 
Figure 3 – Cost and profit comparison 

 
Conclusion and outlook  
The concept presented in this paper is a first step towards a segment-specific supply chain 
flexibility management. We have shown how flexibility management in a segment-
tailored supply network can improve the supply chain performance in terms of delivery 
reliability and profit. Managers can build on this approach to align their flexibility 
management with their strategic objectives, especially if customer-oriented strategies are 
pursued. 

By means of the exemplary analysis of leasing additional storage capacity and 
running extra shifts we seek to lay the groundwork for further analyses. However, the 
results are partially specific to our industrial partner and not exhaustive. Further 
investigations in other industrial scenarios, with alternative clustering algorithms and 
variables, or with different flexibility measures are required to support our findings. 
 
References 
Aprile, D., Garavelli, A. C., Giannoccaro, I. 2005. “Operations planning and flexibility in a supply chain,” 

Production Planning & Control (16:1): 21–31. 

 -   €  

 200.000,00 €  

 400.000,00 €  

 600.000,00 €  

 800.000,00 €  

w/o Flex. with Flex. Seg. + Flex. w/o Flex. with Flex. Seg. + Flex. w/o Flex. with Flex. Seg. + Flex.

Basic scenario Demand increase Regional demand peak

Production Procurement Inventory Transportation Flexibility Profit

 9 



Backhaus, K. 2011. Multivariate Analysemethoden: Eine anwendungsorientierte Einführung, Berlin: 
Springer. 

Beamon, B. 1999. “Measuring supply chain performance,” International Journal of Operations & 
Production Management (19:3): 275‐292. 

Bergs, S. 1980. Optimalität bei Clusteranalysen: Experimente zur Bewertung numerischer 
Klassifikationsverfahren: University of Münster. 

Christopher, M., Gattorna, J. 2005. “Supply chain cost management and value-based pricing,” Industrial 
Marketing Management (34:2): 115‐121. 

Fisher, M. 1997. “What Is the Right Supply Chain for Your Product?” Harvard business review (75:2). 
Gattorna, J. 2006. Living supply chains: how to mobilize the enterprise around delivering what your 

customers want: Financial Times Management. 
Godsell, J., Diefenbach, T., Clemmow, C., Towill, D., Christopher, M. 2011. “Enabling supply chain 

segmentation through demand profiling,” International Journal of Physical Distribution & 
Logistics Management (41:3): 296–314. 

Gosling, J., Purvis, L., Naim, M. 2010. “Supply chain flexibility as a determinant of supplier selection,” 
International Journal of Production Economics (128:1): 11–21. 

Hocke, S. 2004. Flexibilitätsmanagement in der Logistik: Systemtheoretische Fundierung und Simulation 
logistischer Gestaltungsparameter. Dissertation, Bayreuth: Lang. 

Jack, E., Raturi, A. 2002. “Sources of volume flexibility and their impact on performance,” Journal of 
Operations Management (20:5): 519‐548. 

Krajewski, L., Wei, J., Tang, L. 2005. “Responding to schedule changes in build-to-order supply chains,” 
Journal of Operations Management (23:5): 452–469. 

Lee, H. L. 2002. “Aligning supply chain strategies with product uncertainties,” California management 
review (44:3): 105–119. 

Lovell, A., Saw, R., Stimson, J. 2005. “Product value-density: managing diversity through supply chain 
segmentation,” International Journal of Logistics Management (16:1): 142–158. 

More, D., Subash Babu, A. 2008. “Perspectives, practices and future of supply chain flexibility,” 
International Journal of Business Excellence (1:3): 302‐336. 

Pfeiffer, D., Anwander, S., Hellingrath, B. 2013. “A Simulation Approach to Evaluate Supply Chain 
Flexibility,” in 46th Hawaii International Conference on System Sciences (HICSS), Maui, Hawaii, 
USA. 07.-10. January 2013: 1134–1143. 

Pfeiffer, D., Jorch, D., Hellingrath, B. 2012. “A Review and Classification of Measures to Adjust Supply 
Chain Flexibility,” in Proceedings of the Hamburg International Conference on Logistics, T. 
Blecker, W. Kersten, and C. M. Ringle (eds.), Hamburg, 365–381. 

Pfeiffer, D., Hellingrath, B. 2011. “Performance Measures for Supply Chain Flexibility,” in Logistics and 
Supply Chain Management in a High North perspective, T. Hammervoll (ed.), Harstad, Norway. 
9–10 June 2011: 989–1003. 

Pibernik, R. 2003. “Modellgestützte Flexibilitatsplanung in Supply Chains: Einsatz einer Software-
Applikation in einem Biotechnologie-Unternehmen,” Zeitschrift für Betriebswirtschaft (73:11): 
1141–1165. 

Rabe, M., Hellingrath, B. (eds.) 2001. Handlungsanleitung Simulation in Produktion und Logistik: Ein 
Leitfaden mit Beispielen für kleinere und mittlere Unternehmen, San Diego: SCS International. 

Schorr, S. 2008. Operatives Flexibilitätsmanagement in Supply Chains. Dissertation, Erlangen, Nürnberg: 
Verl. Dr. Hut. 

Sethi, A., Sethi, S. 1990. “Flexibility in manufacturing: a survey,” International Journal of Flexible 
Manufacturing Systems (2:4): 289‐328. 

Smith, W. 1956. “Product differentiation and market segmentation as alternative marketing strategies,” The 
Journal of Marketing (21:1): 3‐8. 

Vonderembse, M. A., Uppal, M., Huang, S. H., Dismukes, J. P. 2006. “Designing supply chains: Towards 
theory development,” International Journal of Production Economics (100:2): 223–238. 

Walters, D. 2006. “Demand chain effectiveness – supply chain efficiencies: A role for enterprise 
information management,” Journal of Enterprise Information Management (19:3): 246–261. 

Wedel, M., Kamakura, W. A. 2000. Market segmentation: Conceptual and methodological foundations, 
Boston, Mass.: Kluwer Acad. Publ. 

 

 10 


	Theoretical basics
	Supply chain flexibility
	Introducing segmentation procedures into flexibility management
	A product-customer-segment specific flexibility management approach
	Segmentation variables and methods


