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Summary

Performance measurement is a key managerial task that provides decision-makers with
crucial information for achieving company objectives. In the context of supply chains,
it can help to better understand production/service processes, bottlenecks, issues,
improvement potentials and critical success factors. Measuring the performance of the
supply chain is, however, challenging for several reasons. First, one has to deal with
multiple suppliers, manufacturers, service providers, distributors, vendors and retailers
in addition to internal stakeholders of a company. Under such conditions, determining
performance objectively and accurately is very important and can be quite demanding.
Secondly, managers continuously reshape the boundaries of companies. These con-
tinuous adjustments complicate a periodic performance measurement, although this
measurement is vital to keep the business units as competitive as possible. Moreover,
we want to examine the relationship between supply chain performance and challenging
real-life issues such as measuring suppliers’ total cost of ownership (TCO), managing
peak-season performance, and handling inventory record inaccuracy (IRI) in sales and
inventory management systems. This thesis points out that existing, quantitative
models developed for measuring the performance of supply chains do not cover the
entire spectrum of aspects required for a reliable and precise performance evaluation.
As such, new methodological improvements are necessary to evaluate supply chain
performance accurately. Therefore, in Chapters 2–5 of this thesis, we propose novel
models to measure supply chain performance.

In Chapter 2, we evaluate the suppliers’ total cost of ownership (TCO). TCO
is a management accounting technique that evaluates the total cost of a business
partnership using a time-consuming activity-based costing procedure. Studies have
suggested that data envelopment analysis (DEA)-based TCO can effectively estimate
the results of TCO with substantially less effort and time. However, the adoption
of DEA-based TCO in practice is limited due to certain shortcomings. First, man-
agers struggle to understand and accept the uncommon weighting schemes of existing
DEA-based TCO models because traditional TCO analyses require a common set of
weights. Second, both the traditional TCO approach and DEA-based TCO models are
designed to handle precise data, whereas TCO analyses often involve imprecise data
from conflicting data sources and estimations. To address the managerial and technical
issues of handling weighting schemes and imprecise data, Chapter 2 proposes a novel
TCO-based model: common set of weights imprecise DEA (CSW-IDEA). We validate
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the proposed methodology using real-life data sets from 175 suppliers that serve five
key components to two multinational mechanical manufacturers. For both precise data
and imprecise data, the proposed CSW-IDEA reliably approximates traditional TCO
calculations significantly better than existing DEA-based TCO. The cost savings that
can be theoretically generated by applying the CSW-IDEA approach are similar to the
cost savings estimated by the traditional TCO approach.

In Chapter 3, we investigate the performance of parcel delivery companies (PDCs)
during peak seasons. A PDC typically consists of a network of depots that are centrally
managed. Evaluating a PDC’s performance is challenging because several interrelated
divisions/processes (e.g., sorting and last-mile delivery) affect each other’s performance
in a depot. Moreover, such a performance evaluation is dynamic because activities
affect each other over time, for example, through the backlog carryover. To measure
the performance of a PDC, one should also quantify the individual contribution of each
depot to the overall performance. Existing studies on evaluating a PDC’s performance
do not consider the network and the dynamic nature of the PDC’s performance nor
the centralized management system that a PDC adopts. To measure a PDCs’ perfor-
mance during peak ordering seasons, Chapter 3 proposes a novel DEA model. This
chapter defines several PDC-level and depot-level performance measures to support
management decisions. We apply existing and newly-proposed models on a data set
from 17 depots of a large PDC. Numerical findings demonstrate that measurement of
the PDC’s performance may not be reliable unless its network and dynamic aspects
are accounted for. Moreover, the network aspect and the dynamic aspect are shown to
be equally crucial for measuring the performance of a PDC. Finally, it is shown that a
performance evaluation approach tailored for decentralized management systems may
inaccurately measure the performance of a PDC that has a centralized management
system.

In Chapter 4, we continue our investigation of the performance of PDCs during
peak seasons. To maximize the PDC’s overall efficiency during peak seasons, we
propose novel performance-based, workload-directed planning models using DEA which
allocates input resources and sets output targets for the PDC’s depots. We define a
performance indicator measuring the improvement potential (IP) of the depots by com-
paring their optimal and actual input/output levels. The proposed models strengthen
the transparency and feasibility of the PDC’s planning by optimizing input/output
levels based on the depots’ multi-period past performance, by estimating the minimum
and maximum forecasted demand above which depots encounter capacity shortages
and overcapacity, by sharing the forecasted demand among depots to utilize their
capacity better, by interacting with decision-makers to incorporate their feedback into
computations, and by considering the network structure of a depot by taking the inter-
actions between the depot’s sub-units into account. To illustrate the applicability of the
proposed models, we apply them to a real-life data set from 15 depots of a multinational
PDC during the end-of-year peak season. We found significant discrepancies between
the depots’ optimal and actual input/output levels, and that workload sharing sharing
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is highly effective to optimize the input/output levels further. We also found significant
differences between the input/output levels established by the proposed models based
on multi-period and single-period historical depot production data.

In Chapter 5, we study the impact of store-level inventory record inaccuracy (IRI)
on store-level performance. IRI is the mismatch between the quantity that is recorded
in a company’s inventory management system and the quantity that is physically
available. IRI can lead to significant issues in retail, e.g., by causing stockouts and
revenue losses triggered by unnecessary replenishment. Chapter 5 evaluates the effects
of IRI on retail store inventory and sales management performance. Firstly, a novel
IRI measurement method is designed to better differentiate the inaccuracy across the
stock-keeping units (SKUs) than existing measures do. Secondly, a novel network DEA
(NDEA) model, capable of setting store-level performance standards more accurately
than the state-of-the-art models, is proposed. Thirdly, to support managers in iden-
tifying the root causes of IRI and in setting realistic targets for mitigating IRI, the
insights of the proposed IRI measurement method and the proposed NDEA model are
combined to develop two novel performance indicators: the IRI improvement potential
and workload. To demonstrate the applicability of the proposed approach, we use
real-life data of an international fashion retailer. The data set contains information of
about 1,175,000 SKUs for which the fashion retailer kept more than 5,250,000 inventory
items in 81 stores. The findings indicate that the proposed IRI measurement method
and the proposed NDEA model result in a better store-level performance differentiation
than the existing approach used. Managerial implications derived from the proposed
IRI improvement potential and workload indicators are discussed.
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