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Integrated Risk Management in Supply Chains:
Overview and Future Directions

The following volume, which surveys the most recent research in supply
chain risk management, is motivated by the success of the third “Supply
Chain Finance & Risk Management Workshop,” which was held at
the Olin Business School of Washington University in St. Louis, on
May 14-15, 2017. The workshop was organized in collaboration and
with the financial support of the Boeing Center for Supply Chain
Innovation (BCSCI) at Washington University. During the workshop,
the participants wondered if it would be possible to establish an outlet
that would give them a timelier access to the latest research on supply
chain finance and supply chain risk management. (It is well-known,
that due to review process lead times, articles that eventually make it
into one of our top journals are typically 2 to 3 years old.) The idea of
producing an edited volume, which would include an overview of the
latest articles on the topics above appealed not only to the workshop
participants but also to other active members of the iFORM (Interface
of Finance, Operations, and Risk Management) research community.
The Editor of “Foundations and Trends in Technology, Information and
Operations Management”, published by Now Publishers, Inc., Professor
Charles Corbett was open to the idea and accepted our proposal to
produce two volumes. The first volume is on the topic of supply chain
finance and the second is on the subject of integrated risk management.
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The editors extended an invitation to 90 or so top researchers from
the iFORM community who have participated in at least one of the
supply chain finance and risk management workshops and who have
seminal contributions in these areas. In response, the editors received
30 or so submissions. Following a careful review process, 21 manuscripts
were eventually accepted for publication. The volume on supply chain
finance includes 12 of the 21 papers, which are organized into four parts;
the remaining papers, which are included in this volume, are organized
in three parts.

Overview of the Integrated Risk Management in Supply Chains Area

In 2005, Pepsi Bottling Group (PBG) recognized that in-
creased complexity in the bottling landscape and the compet-
itive nature of the bottling industry required a new approach
to production sourcing. Both the supply chain network and
changing consumer preferences drove this complexity. PBG’s
North American network consists of 57 plants producing
more than 1,200 stock keeping units distributed to 360 ware-
houses. Meanwhile, consumer preference shifted from cans
to bottles, from carbonated soft drinks to non-carbonated
drinks and toward shrink film packages. PBG produced
these newly preferred products in limited locations. The
end-result was that more than half of PBG’s bottle lines
operated at capacity and peak demand outstripped instan-
taneous production capacity. What did PBG do to address
the problem? It focused on a flexible manufacturing strategy
that matched production sourcing decisions with consumer
preferences.

– Simchi-Levi (2010)

On March 17, 2000, lightning hit a power line in Albu-
querque, New Mexico. The strike caused a massive surge
in the surrounding electrical grid, which in turn started
a fire at a local plant owned by Royal Philips Electronics,
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N.V., damaging millions of microchips. Scandinavian mobile-
phone manufacturer Nokia Corp., a major customer of the
plant, almost immediately began switching its chip orders
to other Philips plants, as well as to other Japanese and
American suppliers. Thanks to its multiple-supplier strategy
and responsiveness, Nokia’s production suffered little during
the crisis.

– Chopra and Sodhi (2004)

Intel Corporation incurs most of its expenses in the United
States where it performs the bulk of its R&D and most
of its manufacturing, but the company generates revenues
throughout the world. Intel is subject to substantial currency
risk because of the relatively long time between its quotation
of a price to a customer and the customer’s payment for
the products. Intel’s policy has been to actively hedge the
currency exposures that arise in these situations.

– Hillier et al. (2008)

Corporations around the world devote substantial resources to risk
management. The idea that corporations should manage exposure to
various sources of risk is relatively new, but it is becoming increasingly
important. Operations managers always applied various operational
hedges in dealing with supply and demand risks (inventory and time
buffers, excess capacity, operational flexibility, risk pooling, contingency
plans, etc.), but they also learned that exchange rates and commodity
risks might require combining financial hedges with operational hedges
to counteract them. In contrast to the past, when the chief financial
officer (CFO) of a corporation would spend a small portion of his time
on hedging, many corporations now have entire departments devoted to
risk management and hedging. Financial managers are in need to better
understand how operational decisions create financial exposure to risks
and that drives the nature of financial hedging instruments to be used.

To understand why corporations care about risk, we must first return
to the Modigliani-Miller Theorem (Modigliani and Miller, 1958; Miller
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and Modigliani, 1961). The Modigliani-Miller Theorem was applied
initially to the analysis of the firm’s debt-equity choice. However, the
theorem is much more general and can be applied to the analysis of
all aspects of the firm’s financial and risk management strategy. The
assumptions of the theorem imply that investors, as well as corpora-
tions, can manage risk without incurring any transaction costs. Put it
differently; the theorem hinges on equal access to hedging instruments.
However, when it comes to supply chain risks (e.g., the risk of disrup-
tion) many individual investors do not have equal access. Therefore, one
way to justify the study of corporate risk management is by challenging
the equal access assumption.

In manufacturing, companies can hedge operationally and financially.
Operational hedges, including inventory buffers and flexible production
technologies, can be excellent protection against routine fluctuations in
demand. Financial hedges, including trades in options and futures, can
effectively protect manufacturers from routine fluctuations in prices of
raw of materials and currency exchange rates. (Parts 1 and 3 of this
volume are dedicated to the study of these strategies.)

Hedging with inventory or by trading in the financial markets,
however, is less helpful as a protection against disasters. In 2011, Japan
experienced an undersea megathrust earthquake off the Pacific coast
of Tōhoku, which caused extensive damage to its manufacturing base.
Throughout Japan, many plants were closed for days, with restart dates
uncertain, causing ripple effects worldwide: for example, a General
Motors truck plant in Louisiana was forced to halt production for lack
of Japanese-made parts (Lohr, 2011).

Learning from the disaster, companies like GM and Toyota have
ensured that multiple suppliers (and multiple suppliers of their suppliers)
were able and ready to manufacture each component (Kubota, 2006).
The supply chain literature refers to the automakers’ approach as
developing contingency scenarios, which is a technique that is normally
used to deal with risks that are not frequent but consequential. (Part 2
of the volume is dedicated to managing supply disruptions.)

The trend toward greater attention to risk management is due to a
number of factors, most notably, the increased volatility of commod-
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ity prices and exchange rates, recent natural disasters (e.g., hurricane
Harvey, which caused widespread flooding in Houston and a spike in
U.S. oil and gasoline prices), and the increased importance of multina-
tional corporations. The motivation for risk management comes from a
variety of sources: financial distress costs, managerial incentives, and
other important reasons discussed in the remainder of this volume.
Understanding the motives is important because they provide insights
into which risks should be managed and how a firm’s risk management
operations should be organized.

Part 1: Buffering Supply Chain Risk with Operational Flexibility

The first part of the volume deals with uncertainty in the form of
routine variability, which includes fluctuations in demand. The logical
protection against the risk posed by routine variability is to install
operational buffers either in the form of inventory or flexible production
technology. To establish these buffers, however, firms require capital or a
“monetary buffer.” To maintain financial buffers, though, firms must be
able to perform operationally, which in turn requires the aforementioned
operational buffers. The interdependence of monetary and operational
buffers is something that is explored in the first part of the volume.

In the first paper, “The Interaction between Operational Flexibility
and Financial Flexibility,” Onur Boyabatlı and Tiecheng Leng study
the interaction between operational flexibility and financial flexibility in
a multiproduct firm. A firm invested in flexible production technology
capacity will be equipped with operational flexibility to handle uncertain
demand across multiple products. The firm’s capital availability for
operations reflects its financial flexibility. They distinguish the firm’s
financial flexibility at the capacity investment stage from that at the
production stage and investigate how the stringency of budget constraint
at different stages affects the firm’s optimal flexible-versus-dedicated
technology choices. They show that operating budget can be interpreted
as a flexible resource used in conjunction with the capacity investment,
and as such it plays a vital role in technology choices. Whether flexible
technology and financial flexibility are substitutes or complements
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depends on the severity of budget constraints at different stages and
capacity intensity of technologies.

Reducing production lead-time improves a firm’s market respon-
siveness. In the second paper, “Investments in Lead-Time Reduction:
How to Finance and How to Implement,” Işık Biçer and Ralf W. Seifert
study the production lead-time reduction decision and its associated
financing decision. They find that the payoff of lead-time reduction to
equity holders is related to the profit margin of the product and the
level of demand uncertainty. The study suggests that a firm should
use equity-financing to finance lead-time reduction for products with
high demand uncertainty and use debt financing for products with low
demand uncertainty.

Part 2: Supply Disruption

Both the preponderance of natural disasters and huge economic swings
can cause extreme challenges across the supply chains. Although these
types of risks are rare, they are highly consequential and buffering (Part
1) is insufficient to mitigate them. Instead, firms facing these risks must
engage in contingency planning and must maintain redundancies in the
system (e.g., backup suppliers or backup labor force). But developing a
contingency plan involves more than specifying resources. Firms must
also decide which events warrant backup resources and to do this,
firms must be able to determine the value that a contingency plan can
create. The mechanics of such valuation are similar to valuing contingent
claims in finance. This is why contingency planning is on the interface
of operations and finance.

Dual/Multi sourcing is a common contingency strategy when supply
sources are risky. In the first paper, “Operational Hedging through
Dual-Sourcing under Capacity Uncertainty,” Xin Chen summarizes his
earlier works with coauthors on the optimal dual sourcing strategy when
supply capacities are uncertain. In a finite planning horizon, a firm
decides sourcing quantities from two suppliers with random capacities
and positive replenishment lead times. The dynamic programming (DP)
problem is a challenging one to solve because convexity property fails to
hold for the objective function. He develops a transformation technique
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that converts the original nonconvex optimization to an equivalent
convex optimization problem. The transformation also preserves struc-
tural properties such as convexity, submodularity, and L-convexity. The
preservation of properties enables the proof of monotone comparative
statics of the optimal solution. Using this technique, he shows that under
certain conditions (on replenishment lead-time and supply capacity) a
dual-index policy is the optimal dual sourcing policy. The monotonicity
property of the optimal solution in state space can help further reduce
computational effort.

The second paper is by Bardia Kamrad, Ran Ji, and Glen M. Schmidt
on “Managing Supply Risk in Fixed Price Contracts: A Contingent
Claims Perspective.” The paper presents a general contingent claims
model that can be adapted to model various risk-based operations
problems. They adapt this model to the problem of valuing a fixed price
contract contingent on supply yield uncertainty. Specifically, in a finite
horizon setting, manufacturer sources from a portfolio of unreliable
(subject to random yield) suppliers as well as from a reliable spot
market (in case of supply shortage). In each period, in response to
the realized yield uncertainty, the manufacturer optimally adjusts her
portfolio weights (sourcing proportions) and her spot sourcing quantities.
A numerical study generates interesting findings regarding the behavior
of optimal portfolio weights along different types of lattice paths and in
response to changes in spot prices, the value of the contract in response
to supply portfolio volatility, and finds that the value of the flexibility
of adjusting portfolio weights is always positive.

Part 3: Commodity Price Risk

Just about every manufacturing organization is exposed to commodity
price risks. On the cost side, price volatility affects the direct costs of
raw materials, components, subassemblies, and packaging materials pur-
chased as well as indirect costs from the energy consumed in operations
and transportation. For example, a food processing company may be
exposed to price risk from commodities such as corn that is used in
its products, from paper and plastics used in its packaging materials,
and from diesel fuel for transportation in its distribution network. On
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the revenue side, the demand for discretionary purchase items is widely
believed to be correlated with economic indicators, including equity and
commodity market indexes. Both quantity and pricing decisions become
more challenging when prices fluctuate; wrong decisions on managing
these price risks can quickly cut into profit margins.

This volume includes five papers on managing price risks, which
come in two distinct flavors. The first three papers are fundamental in
the sense that they ask when and how firms should manage price risks
with hedging and how hedging affects operating policy.

In the first paper titled “Integrated Production Planning and Risk
Hedging,” Liao Wang and David Yao study production planning in-
tegrated with risk hedging. Whereas traditional production planning
models focus on the expected net-profit as an objective function, Liao
Wang and David Yao study two risk measures, variance and shortfall.
As such, their approach resembles the well-known Markowitz mean-
variance portfolio optimization procedure. In both cases, the authors
characterize and efficient “production” frontier and demonstrate an
improved risk-return profile.

In a closely related paper titled “Minimum-Variance Hedging for
Managing Risks in Inventory Models with Price Fluctuations,” Caner
Canyakmaz, Fikri Karaesmen and Süleyman Özekici identify a joint
operating and hedging policy that minimizes the total variance of
operational and financial returns.

Whereas the decision makers in the previous two papers are both
standalone firms, in a paper “A Cournot-Stackelberg Model of Sup-
ply Contracts with Financial Hedging and Identical Retailers,” René
Caldentey and Martin Haugh consider a model where firms compete.
Competition brings an interesting twist in the sense that hedging af-
fects the intensity of competition and the resulting consumer welfare.
Specifically, the authors find equilibria in which firms hedge although
hedging causes competition to become more intense.

The remaining two papers can be seen as examining and reporting
on best practices in specific industries. In the paper “Approximation
for High Dimensional Commodity and Energy Merchant Operations
Models,” Nicola Secomandi presents a brief tutorial on the formulation
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and solution methods for merchant operations in commodity and energy
industries. He gives a high-level discussion of four classes of heuristic
approaches to the high-dimension Markov Decision Process (MDP)
and efficiently explains the essence, strengths, and weaknesses of each
approach. He also provides references to classic and recent works for
readers interested in details of each method.

Finally, the last paper “Linking Commodity Price Risk and Op-
erations,” Panos Markou and Daniel Corsten empirically study risk
management policies in the gold mining industry. Gold miners can
manage risks financially, by committing to selling gold through forward
contracts and call options, and operationally, by varying the grade of
gold they process. Their data reveal that gold miners see the two meth-
ods as substitutes and that financial hedging has essential implications
on gold inventory levels.

Future Research

In today’s globalized economy, companies are gaining a competitive
advantage by developing business relationships into more complex supply
chains. While these relationships can produce gains in productivity and
profitability, they often come at the price of taking on additional risk
exposure. One can identify several areas as possible starting points for
future research:

Risk mitigation through contracts. Topics such as supplier
default risk, quality risk, and management of risk within a supply chain
network have been understudied. Yet, they are prominent, especially
in supply chains heavily influenced by prices of commodities (e.g.,
automotive supply chains).

Sustainability. While many risk management strategies (e.g., in-
ventory buffers or capacity redundancy) can make sense on expected
profit basis (something companies care about today) it can also be
seen as wasteful. Sustainability (economic, environmental, and social)
is likely to have a large influence on corporate decision making in not
too distant future.

Risk management in service industries. Much of the existing
literature focuses on risk mitigation in settings where firms manufacture
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goods. Risk management, however, can become a source of competitive
advantage in service industries as well. For example, the backbone of a
parcel delivery or ride-share company is still its drivers. But even veteran
drivers with years on the same route can’t compete with technology
when it comes to finding the fastest, most fuel-efficient way to the final
destination. That’s why a company like UPS has invested heavily in a
just launched new project, ORION, that it says will shorten drivers’
routes and help overcome unexpected traffic delays. Rideshare services,
including UBER, have been rumored to invest in similar software devel-
opment efforts (Konrad, 2013).

Panos Kouvelis
Ling Dong

Danko Turcic
Olin Business School

Washington University in St. Louis
USA
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