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Abstract
Purpose – So far, the author lacks a comprehensive deﬁnition of military supply chain (SC)
ﬂexibility, as well as performance measures to evaluate it. This paper aims to address these gaps.
It seeks to develop performance measures to assess the ﬂexibility of a military SC.
Design/methodology/approach – Volume ﬂexibility is measured as the coefﬁcient of variation of
the demand quantity. Delivery side is measured in two stages using two ratios: customer satisfaction
ratio and delivery ﬂexibility ratio.
Findings – Building on the ﬂexibility literature, novel performance measures were developed to
assess the volume ﬂexibility (the ability to change the level of moved products) and delivery ﬂexibility
(the ability to meet short lead times).
Research limitations/implications – This study characterizes the behaviour of a military SC by
focusing on the volume and delivery sides. Efﬁciency, for example, is not within the scope of this
analysis.
Practical implications – The results of this paper could serve as a means to compare between SCs
with drastically different sizes.
Originality/value – This paper presents a novel ways to examine the ﬂexibility of a military
distribution process. The developed measures of ﬂexibility are relevant, simple, dimensionless, and
action-oriented.
Keywords Measurement, Supply chain management, Operations management, Modelling
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1. Introduction
Supply chain (SC) logistics planning is a complex process in both military and civilian
operations (Ganapathy et al., 2003). This network involves multiple organizations and
activities, including procurement and distribution (Leiphart, 2001). Procurement consists
of buying materiel and ensuring that stocks on hand can meet demands. The distribution
process involves activities related to the physical movement of goods between different
geographic points. It integrates all logistics activities so that goods are distributed in the
right quantities, to the right place, at the right moment, and at minimal cost.
The military SC is not totally dissimilar to other commercial SCs. On a basic level,
both can be considered as three levels between producer, distributor and retailer or
end-user. However, there are important differences that limit the application of
commercial principles to military SC. Military SC exhibits high complexity, regulatory
oversight, diverse customer requirements, heterogeneous supplier capabilities, and
long life cycles. A customer in the military SC is the end-user that actually uses the
moved product.
The primary objective of military SC is to attain a speciﬁc state of readiness at the
lowest possible overall cost. The metric for military SC success is readiness for war, not
proﬁt gain (Burns et al., 2010). Some commercial concepts such as just-in-time (holding
less or no inventory) are no longer valid in the military area. In military supply,

keeping massive inventory is a more adequate practice: a stock-out in military SC could
engender a very high cost in case of war, for example. Compared to commercial SC
where demand is relatively stable and products are shipped to a fixed network of
stores, military demand is often variable and unpredictable (Wang, 2000). Conflict can
arise anywhere at any time and the demanders in theatre are moving points.
One more important difference is that in commercial SC the flow of products is
unidirectional between suppliers and retailers. In military SC, the flow between
suppliers and end-users is bidirectional mostly because of preventive and corrective
maintenance of equipment. Furthermore, the military’s supply consists of a large
number of very different types of items, ranging from everyday supplies to specific
military equipment, which requires particular transportation and packaging techniques.
In many countries across the world, military distribution systems still have many
shortcomings that may threaten their global reach. The overall end-user satisfaction is
relatively low. In Canada, for instance, the May 2008 report of the Auditor General of
Canada (AGC, 2008) identified an important weakness in the SC performance
measurement. The AGC has also reviewed the audit reports for the supply operations
of the USA and British forces and they show problems similar to those experienced by
the Canadian forces (AGC, 2008). During the Gulf War (1990-1991), for example, the
ports of embarkation and debarkation were overcrowded with supplies that had to be
processed and moved to direct support locations. This distribution problem was due to
a lack of equipment needed for deployment (Leiphart, 2001).
Key performance indicators (KPIs) or key success indicators are ways to
periodically assess the performances of organizations. KPIs could be used by military
SCs to evaluate their success. Flexibility is one of the KPIs that should be established to
monitor the responsiveness of a SC. SC flexibility is defined as the ability of the SC to
respond to the changing requirements of purchased components in terms of volume
and delivery date (Tachizawa and Gimenez, 2010). Flexibility is an important
characteristic of a high-performance SC (Beamon, 1999). It provides an effective
parameter for characterizing the behaviour of a SC (Das and Abdel-Malek, 2003). This
KPI plays an important role both in military and civilian operations.
In many industries, for example, SC flexibility has been considered as a major
determinant of competitiveness between private firms (Pujawan, 2004) and for gaining
competitive advantages (Winkler, 2009). In both sectors, managing flexibility in SCs
involves a variety of actions that are related to various financial factors (More and Babu,
2009).
Building on the flexibility literature, new performance measures of flexibility were
developed in this paper. In particular, the analysis addresses the following research
questions:
RQ1. What aspects of flexibility should be measured in a military SC?
RQ2. How can the measures be used to evaluate the overall flexibility of a military
SC system?
This paper is organized into six sections. Following the introduction, Section 2 provides
a comprehensive review of literature on SC flexibility. Section 3 defines the military SC
flexibility and develops performance measures to assess it. Section 4 characterizes the
performance measures. Section 5 explores new avenues for future research. The paper
concludes in Section 6.
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2. Literature review
A good military SC is willing to accommodate the uncertainties and variations in
volume and delivery. This study presents a novel way to examine the flexibility of a
military distribution process. This concept is important because of the instability and
unpredictability of the environment in which the SCs operate (Slack, 1983). A growing
body of literature has begun to recognize that in the era of SC management it is
important to look to the flexible SC (Stevenson and Spring, 2007). For the purposes of
this analysis, some recent literature highlights the importance of flexibility in military
SCs. A comprehensive review of the available literature on this topic can be found in
Stevenson and Spring (2007).
Reichhart and Holweg (2007), for example, synthesised the existing contributions to
manufacturing and SC flexibility and responsiveness. They identified four types of
flexibility: product, volume, mix and delivery. Beamon (1999) presented an overview and
evaluation of the performance measures used in SC models. The author indicated that
the SC performance measurement system must contain at least one of the three types of
performance measures identified as necessary components in any SC performance
measurement system: resource measures, output measures, and flexibility measures.
More and Babu (2009) assessed the influence that may be exerted by various types of SC
flexibilities on the management ratios. The authors found that it was difficult to
establish generalized relationships between these two sets of entities. Sánchez and Pérez
(2005) used correlation coefficients to analyze the relationship between the dimensions of
SC flexibility and firm performance in a sample of Spanish automotive suppliers.
Manders (2009) conducted a cross sectional study to determine the impact of SC
flexibility on customer satisfaction. The results indicate that there is a positive
relationship between flexibility and customer satisfaction. Lummus et al. (2003)
developed a framework on SC flexibility. They specified the components of SC flexibility
and potential characteristics of each component that result in a flexible SC. The authors
showed in particular that increased SC flexibility would be positively related to
reductions in SC inventory in terms of inventory value.
Pujawan (2004) presented a general guideline for conducting flexibility assessment of
a SC. The author identified four main parts of flexibility including flexibility of the
product delivery system, production system, product development, and supply system.
Kumar et al. (2008) classified the flexibility enablers as strategic, operational and
performance-based enablers. They observed that some enablers having high-driving
power and low dependency are of strategic importance. These enablers require more
attention while other enablers based on operations and performance are dependent of
strategic enablers. Tachizawa and Gimenez (2010) conducted a survey among Spanish
purchasing professionals to analyze how different sourcing practices are combined to
form particular supply flexibility strategies. The results show that Spanish firms have no
single approach to achieve supply flexibility and that the type of flexibility achieved
depends on the strategy followed (integrated, domestic or offshore). Barad and Sapir
(2003) used a customer oriented logistic performance measure to examine potential
benefits of flexibility in logistic systems. They quantitatively investigated the capability
to quickly transfer parts between locations referred to as trans-routing flexibility.
Winkler (2009) identified resources, objects and parameters of SC flexibility. He
demonstrated how to manage the structural, technological and human potentials of the
strategic SC network to gain outstanding SC flexibility. Akgün and Tansel (2007) studied

the physical movement of military units, stationed at geographically dispersed locations,
from their home bases to their designated destinations. Their model could be used to plan
and execute cost-effective deployment operations at different levels of planning.
More recently, Schütz and Tomasgard (2011) analyzed the effects of volume
flexibility, delivery flexibility and operational decision flexibility in operational SC
planning under uncertain demand. Their results show that, given sufficient flexibility
in the SC, a deterministic approach to SC planning may result in equally good
(or better) results as a stochastic planning. Gosling et al. (2010) examined how buying
organisations can configure their supply networks to achieve SC flexibility. They
argued that an agile and flexible SC is a way of coping with the high levels of
uncertainty. Das (2011) developed a model for capacity, distribution and input supply
flexibility. The author integrated them to improve market responsiveness and address
demand and supply uncertainty.
While the performance measures developed in this paper aim primarily to assess the
flexibility of a military SC, these indicators may also be used in non-military
organizations to improve their strategic market responsiveness. At the strategic level,
these indicators could be used as proactive attributes rather than a reactive evaluation.
They could, for example, be integrated into the strategic partnering model to select
flexible suppliers and inform sourcing and procurement decisions, as described in
Gosling et al. (2010). They could also help in forecasting the new capacity to be acquired
to offset an anticipated percentage of demand increase, as described by Das (2011).
3. Measuring the SC flexibility
Flexibility is vital to the success of the military SC. Slack (1991) identifies two types of
flexibility: response (or delivery) flexibility and range (or volume) flexibility. Many
authors showed that deficiencies in these two types of flexibility are most often the
cause of customer-supplier grievance (Das and Abdel-Malek, 2003). A flexible SC
system increases customer satisfaction by meeting short lead times (delivery
flexibility) and handling wide ranges of quantities demanded (volume flexibility).
3.1 Volume flexibility
In military SC, each demand is characterized by a required delivery day (RDD) and a
material priority code (MPC) attribute. The RDD indicates when the item is needed in
theatre and the MPC specifies its degree of priority (e.g. operationally critical, essential,
routine, replenishment). These attributes are used to determine how requisitions and
demand objects are treated in the SC. For example, high priority demand objects with
low RDD values would travel to theatre via air, whereas low priority items with longer
RDD values would likely travel via maritime means. To ensure that demands are
resourcefully fulfilled, a good military SC should be willing to accommodate the
variations in volume. Volume flexibility could therefore be defined as to what extent
the demand quantity can be changed. A SC is consequently volume flexible if it can
respond to and accommodate large demand variations.
To compute the volume flexibility of a SC, let qpt (in pallets, containers or tonnes) be the
demand quantity with MPC p ( p ¼ 1,2, . . . ,m) at time t (t ¼ 1,2, . . . ,T). Let s(qp) be the
standard deviation of the sample qpt and q p its mean. For the MPC p, the volume flexibility,
VFp, could be measured as the coefficient of variation of the sample qpt. This coefficient is
defined as the ratio of the standard deviation to the mean, and is calculated as follows:
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VF p ¼

sðqp Þ
:
q p

ð1Þ

The standard deviation is a measurement of variability. It measures the dispersion of data
around the mean. It is low when the data points tend to be very close to the mean and high
when data are spread-out and widely dispersed. Unlike variance, the standard deviation
has the useful characteristic to be expressed in the same unit as the data. The coefficient of
variation provides a relative measure of data dispersion with respect to the mean. It is
small when the data scatter compared to the mean is small and large when the variation is
important. This statistic is a useful diagnostic term. Since this relative measure has no
unit, it is very useful when comparing the amount of variation among groups with
different means or units. Used as a relative measure of flexibility, it indicates whether
there are a large or small number of undersized or outsized demand quantities. A large
coefficient of variation indicates that the SC is able to adapt adequately to large variations
in demand.
3.2 Delivery flexibility
Modeling the flexibility of lead-times in SCs has retained its position as an important
topic in maintaining operational readiness of military personnel (Wang, 2000). Delivery
flexibility could be defined as the ability to meet short lead times. Consider the item i
(i ¼ 1,2, . . . ,n) with degree of priority p. Let Dip be its RDD and Rip its response time.
The response is defined as the amount of time between the placing of an order, T0(ip),
and the time at which the item is received, Tf(ip), that is, Rip ¼ T f ðipÞ 2 T 0 ðipÞ.
Consider the following indicator function defined as:
(
1; if Tf ðipÞ # Dip ;
ð2Þ
f p ði Þ ¼
0; otherwise:
Delivery flexibility for items with priority p could be measured in two stages using two
ratios.
In stage 1, for the MPC p, the first indicator of delivery flexibility,DF 1p , is calculated
as follows:
n
1X
DF 1p ¼
f p ði Þ:
ð3Þ
n i¼1
This first ratio belongs to the unit interval and determines the proportion of items
completed within a given reporting period. It indicates how well the SC is meeting the
final customer’s required delivery date: the higher DF 1p , the higher the end-user
satisfaction, and the higher the delivery flexibility of the military SC.
In stage 2, consider the response time of the l items meeting the RDD (Tf( jp) #
Djp,1 # j # l # n) and the corresponding average RDD:
l
1X
Djp :
ð4Þ
D p ¼
l j¼1
For each item j meeting the RDD, define the positive variation of saved time as:

djp ¼ Djp 2 Tf ðjpÞ

ð5Þ

A second relative measure of delivery flexibility, DF 2p , is given by the following
ratio:

d
DF 2p ¼ 
Dp

ð6Þ

This measure is defined as the ratio between the average djp and the average RDD.
A ratio larger than zero means that the SC has a given degree of leeway to deliver
some items before their RDDs.

4. KPIs characteristics 
The three developed metrics VF p ; DF 1p and DF 2p have a clear purpose: to quantify
the flexibility of a military SC. They would help military forces learn lessons from their
old experiences and incorporate those lessons into their future operational planning.
As it can be seen, these ratios are relevant, simple, easy to use, and action-oriented.
They present the most desirable characteristics of a KPI, which are measurability,
inclusiveness, universality, and consistency (Beamon, 1999).
Measurability
These ratios are based on quantitative data and expressed numerically. They could be
statistically analyzed or represented visually in graphs and tables. This type of data
allows managers to describe trends and base their decisions on something enumerated.
Since qpt is a strictly positive measure, the ratio in equation (1) coincides also with the
relative standard deviations.
Universality
The universality is the ability of a KPI to be applied under various operating
conditions. These KPIs are indeed broad enough to be useful for any military SCs at
any time or place. They could assess both long-term and short-term flexibility
performance.
These measures of flexibility present two important advantages:
(1) they are dimensionless numbers; and
(2) they could be expressed as percentage (in which case they are multiplied by
100 percent).


Therefore, the ratios in equations (1) and (6) VF p and DF 2p are largely preferred to
other measures of variation such as variance or standard deviation, because they can
compare between SCs with different units or widely different means. The metric VFp
may be directly applied to measure
of a commercial SC. To use
 the volume flexibility

the delivery flexibility metrics DF 1p and DF 2p in a commercial SC, the end-users
should be replaced by retailers.
Inclusiveness
These ratios take within their scope the most pertinent aspects of SC processes. They
provide a comprehensive view of performance and include the whole logistics process
from end-to-end.
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Consistency
Consistency refers to alignment with organization goals. These KPI are concurrent
with the military strategy. They reinforce the military strategy by assigning
accountability for achieving results and improving processes.
5. Future research
A military SC is a network of military and non-military organizations that, through
their activities, perform logistic functions in order to efficiently fulfill the demands of
the operational commands in theatre. The majority of supply items that a soldier needs
such as ammunition, rations, water, and medical supplies, come through this chain.
It spans from its vendors to the theatre of operations, moving several products daily,
and keeping them in inventory for various needs (Berger et al., 2008). Its main objective
is to ensure that customer demands are efficiently fulfilled using a flexible system.
This study characterizes the behaviour of a military SC by focusing on the volume
and delivery sides. Following this study, further analysis should be conducted to
address other issues associated with the SC flexibility. Efficiency, for example, is a
central issue for distribution chain success. SC is not only constrained by time and
quantity, but by budget as well. Overemphasis on one constraint will be at the expense of
the others. A successful SC must meet, on time, the end-user requirements within its
allocated budget. Therefore, a natural extension to this study is to consider a
multi-objective time-cost-volume trade-off analysis to search for the most useful
resource utilization. The solution(s) should minimize delivery time and cost while
ensuring a given degree of volume flexibility.
6. Conclusion
Military SC is usually handled by both military and commercial logistics providers.
Due to its hybrid nature (civilian – military), it is therefore necessary to develop
standardized performance measurement mechanisms to which each community can
agree. Flexibility is an important characteristic of a high-performance SC as it indicates
the ability of the SC to respond in a timely and cost-effective manner to any change in
the end-user demands and delivery dates. The main measures of SC flexibility are the
volume flexibility and the delivery flexibility. Volume flexibility refers to varying order
quantities, whereas the delivery flexibility is related to shortening supply lead-times.
This paper seeks to further the understanding of military SC flexibility and
provides three metrics to assess it. The three developed metrics are relevant, simple,
easy to use, and action-oriented. They present the most desirable characteristics of a
KPI, which are measurability, inclusiveness, universality, and consistency.
Further research could be conducted to address other questions associated with the
military SC flexibility. A natural extension to this analysis is to consider a
multi-objective time-cost-volume trade-off analysis to optimize resource utilization.
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