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Supply chain disruption and risk management
This special issue was created to recognize the very substantial overlap between transportation research and supply
chain research. In this special issue, we have compiled an assortment of papers that illustrate a wide range of modeling
styles associated with determining the performance of supply chains and the risks associated with them. The papers are,
for the most part, theoretical and do not consider real data sets.

The following mathematical perspectives are employed by the papers presented herein:

1. Mixed integer linear programming.
2. Nonlinear programming.
3. Stochastic mathematical programming.
4. Robust optimization.
5. Optimal control theory.
6. Differential game theory.
7. Exact and heuristic algorithms.

In some of the papers, a single perspective from the above list is employed; in other cases, multiple perspectives are
exploited within a single paper. In all cases, substantial pedagogical value is evident. Consequently, this special issue
may be used as a reference for self-directed learning by graduate students.

1. Alternative definitions of a supply chain

Despite the wide use of the appellation supply chain, there is no universal definition of the notion. What can be said is that
the competitive posture of most firms depends on a network of factor input deliveries that is connected to production and
the logistics of distribution of final goods. Thus, financial viability and financial sustainability are dependent on an integrated
web of the means of supply of factor inputs, the inventory of those factors, the inventory of finished goods, and the distri-
bution of finished goods. Study of any aspect of that web may be considered supply chain analysis.

Said differently, a supply chain may be defined as a network of autonomous or semi-autonomous agents collectively
responsible for procurement, manufacturing and distribution activities associated with one or more sets of related outputs.
As such, a supply chain network is the actual system charged with moving a product or service from supplier to customer.
That system typically relies on interdependent organizations of human resources, physical space, mechanical equipment,
and information technology, as well as a command and control structure.

Supply chain activities are integral to the transformation of natural resources, raw materials and components into fin-
ished products ready for delivery to end users (Swaminathan et al., 1998). Random events may cause supply chain disrup-
tion. The papers in this special issue, explicitly or implicitly, view the supply chain as either being in disequilibrium (but
moving toward equilibrium) or as having attained an equilibrium.

Supply chain disruptions such as weather conditions, terrorist attacks, and diseases, are unintended, undesirable events
that degrade both supply chain and business performance (Wagner and Bode, 2008). As such, supply chain vulnerability may
be considered a function of network complexity and network connectivity. Thus, the goal of supply chain risk management
is the design and implementation of a supply chain which anticipates and successfully copes with disruptions.

Research for supply chain modeling and optimization has a lengthy history. Its origins are difficult to determine. Certainly
the then fresh perspective on facility location and resource allocation by Geoffrion and Graves (1974) must be considered
part of the birth of the discipline of supply chain design. Another early paper is that by Cohen and Lee (1989) who consider
a supply chain network that connects suppliers of raw materials, manufacturers of both intermediate and finished products,
warehouses, distribution channels, and customers who are geographically dispersed. Resource allocation decisions in such
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an environment constitute a network design problem wherein the location and capacity of all the sites (nodes), as well as
material flow management within the network, are optimized.

Two types of entities may exist in a supply chain network of the type described above, namely competitors and collab-
orators. They can interact in a variety of ways, although the two structures most commonly studied are horizontal integra-
tion and vertical integration. Moreover, Christopher (1992) argues that in real competitive environments companies often do
not visibly compete in output markets; instead they compete supply chain to supply chain.
2. The perspective of this special issue

The prototypical supply chain considered in this special issue and lying behind the models actually presented has a cen-
tralized warehouse and several geographically dispersed suppliers of multiple production factors; it also has stochastic
demand.

Consequently, we may distinguish two broad types of supply chain network analysis:

1. Network flow optimization for a previously designed or existing distribution network.
2. Network design or re-design, in which we must ascertain the configuration of facilities that best satisfies the agents

active on an integrated supply chain network.

In this special issue, we are mainly concerned with the second type of model and its use to construct supply chain design
models in the face of varieties of uncertainty and inter-agent competition. We impose the requirement that the models must
be computable. Computability is a very heavy burden. It requires that the models presented balance theoretical rigor with
the ease of calculating numerical solutions. Different authors, as is appropriate in basic research, identify and express that
balance differently.

Similarly, there is no single perspective for the treatment of uncertainty; indeed the manner in which uncertainty is trea-
ted impacts computability. The treatment of uncertainty is complicated by the fact that supply chain disruptions are tran-
sitory. Moreover, their most deleterious effects may arise subsequent to a disequilibrating event that marks the disruption
onset. Furthermore, when disruptions are imperfectly anticipated, deleterious impacts may even precede the physical dis-
ruption of a supply chain.

It is hoped that the papers of this special issue set the stage for more extensive numerical study of supply chain disrup-
tions in a dynamic setting by both the authors of papers herein and by other researchers.
3. Summaries of the papers

Let us take a brief look at the papers contained in this special issue. Masih-Tehrani et al., develop the structural/analytical
properties of key performance measures and optimal inventory policies for multi-source inventory systems. They show that
stochastic dependence in disruptions can have opposing effects on system performance.

Bell et al. apply a classic frequency-based transit assignment method to containers to demonstrate the promise of such
methods as a basis for global maritime container assignment. In an applied setting, such a model could, among other things,
help assess the impact of maritime incidents like piracy and port closures on global supply chains.

Lin and Wang proactively embed supply chain disruption mitigation strategies, manufacturing postponement, central-
ized/decentralized stocking, and supplier-based sourcing within a single model. Their aim is, of course, to study supply chain
network design in the context of supply disruption and demand uncertainty. Their approach aims to determine an integrated
operations plan that simultaneously determines supply-side, manufacturing, and demand-side actions that minimize total
expected operating cost. Their supply chain network design procedure includes strategic, tactical, and operational levels of
decisionmaking.

Ben-Tal et al. present mathematical and numerical analyses of a robust dynamic traffic assignment model that provide a
robust logistics plan to mitigate demand uncertainty in humanitarian relief supply chains. In particular, this research firmly
establishes the potential of robust optimization to provide robust, dynamic, and tractable solutions to lessen the expected
social costs of emergency logistics and transportation.

Peng et al. consider the problem of designing robust supply chain transportation networks that perform well under
both normal conditions and random disruptions. Their approach is less conservative than other common robustness
measures. They also present a hybrid metaheuristic algorithm that embeds a local improvement search within a genetic
algorithm.

Friesz et al. develop a simple, computable mathematical formulation of the supplier, producer and retailer decisions that
supports numerical experiments regarding competition and disruption of a firm’s supply chain. Impacts of supply chain dis-
ruptions are reflected by an explicitly dynamic modeling approach based on the theory of differential Nash games.

Bektas and Laporte present a model they refer to as the pollution routing problem (PRP); it is an extension of the classical
vehicle routing problem (VRP) which includes a broader and more comprehensive objective function that accounts not just
for the travel distance, but also for the amount of greenhouse emissions, fuel, travel times and their costs.
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Shen et al. consider a supply chain with two downward substitutable products. The products can be ordered from an
unreliable supplier or a reliable but more expensive supplier. They find the optimal dual sourcing policy with contingent
volume flexibility.

Schmitt models service levels in a multi-echelon network where disruptions may occur for any echelon. Her model
quantifies the impact of various inventory and back-up strategies and presents numerical evaluations of those strategies.

Bilsel and Ravindran present a stochastic multiobjective mathematical programming model to guide supplier selection,
order assignment and risk hedging decisionmaking within a supply chain. Their multiobjective model is meant to determine
risk mitigation plans for realistic situations. They also propose a numerical solution method based on linearization.
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