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Preface

Operations and finance are two sides of the same coin. Operations management
aims to match supply with demand of material flows, whereas corporate finance
seeks to match supply with demand of monetary flows. Operations management
sets the backbone of financial performance, and corporate finance supports real
investment in operations. Integration of operations and finance leads to a sustain-
able competitive advantage in firms’ core competencies, see Fig. 1. On one hand,
real investment in operations can transform capital into material to meet customer
demand. On the other hand, revenue management converts product demand into
cash flow to achieve operational effectiveness (Zhao and Huchzermeier 2015).
Therefore, firms can jointly optimize operations and finance across functional units
in an enterprise and across supply chain partners. Operations–finance interface
including supply chain finance has received growing attentions from both academia
and industry in the past decades. Research on operations–finance interface is in
great demand owing to its effectiveness and significance in value creation and risk
management.

The structure of this book is organized as follows (as shown in Figure 1):
Chapter 1 introduces concepts of operations–finance interface and a framework of
integrated risk management. Chapter 2 addresses the link between capital structure
and financial risk management. Chapter 3 presents concepts and techniques of
operational hedging in supply chain risk management. Chapters 4 and 5 synthesize
the conceptual framework and analytical modeling of integrated risk management
(IRM), respectively. Chapter 6 focuses on conceptual framing and applications of
supply chain finance (SCF). Chapter 7 provides a stylized model of pre-shipment
finance in supply chain. Chapter 8 summarizes current landscape of operations–
finance interface (OFI) and proposes directions for future explorations via an
extensive research survey with bibliometric analysis.

Our book aims to provide foundations and navigation of operations–finance
interface including supply chain finance primarily for graduate students (Master,
Ph.D.), advanced undergraduate students, and practitioners who are interested in the
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interactions between operations management and corporate finance in global supply
chains. The materials in this book are presented as tutorial, theories, and models are
accompanied by mini-cases and numerical examples.

Vallendar, Germany Lima Zhao
Arnd Huchzermeier

Reference

Zhao, L., A. Huchzermeier. 2015. Operations-finance interface models: A literature review and
framework. European Journal of Operational Research, 244, 905–917.

Fig. 1 Operations–finance interface and chapter overview (Adapted from Zhao and Huchzermeier
2015)
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Chapter 1
Introduction to Operations–Finance
Interface

This chapter presents concepts of OFI (operations–finance interface) and a frame-
work of integrated risk management. First, we introduce a “closed-loop” view of
resources by a cycle of material, financial, and information flows. Second, we
synthesize various definitions on operations–finance interface to ensure consis-
tency. Third, we present a risk management framework for multidimensional
integration of operations–finance interfaces. Fourth, ten aspects are examined to
specify the conditions under which firms should integrate operations and finance.
Fifth, we examine the decision criteria for relationship analysis of operations and
finance (complements or substitutes).

1.1 A Closed-Loop View

Operations and finance are two sides of the same coin. Operations management sets
the backbone of financial performance, and corporate finance supports real
investment in operations. Explorations of the relationship between operations and
finance began with the Modigliani and Miller (1958) theorem, which states the
separation property between operations and finance in perfect capital markets.
According to this theorem, financial hedging can enhance firm value only by
reducing (i) taxes (ii) contracting costs, or by (iii) affecting real investments in
operations (Smith and Stulz 1985). Moreover, there might be value creation by
(iv) financial hedging of operational risk (Gaur and Seshadri 2005).

In this chapter, we introduce a closed-loop view (see Fig. 1.1) to highlight
operations–finance interfaces in a cycle of material, financial, and information
flows. These three types of resource flows can be called the Three Bs: Boxes,

This chapter is a revised version of “Operations–finance interface models: A literature review
and framework” published in issue 244 of European Journal of Operations Research.

© Springer International Publishing AG, part of Springer Nature 2018
L. Zhao and A. Huchzermeier, Supply Chain Finance, EURO Advanced Tutorials
on Operational Research, https://doi.org/10.1007/978-3-319-76663-8_1
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bucks, and bytes. Operations management matches supply with demand of material
flows to optimize profit (Cachon and Terwiesch 2013). Meanwhile, corporate
finance enables a better alignment between supply and demand of monetary flows
to fund value-enhancing investments (Froot et al. 1994). In addition, managing
information flows can improve the supply–demand matching of material and
financial flows. The two supply–demand matching processes are connected by real
investment and revenue management as a “closed-loop”. Real investment in oper-
ations (e.g., infrastructure, human resources, technology, R&D, procurement,
marketing, sales and services) can transform capital into material to meet customer
demand and thereby enhance a firm’s strategic positioning; revenue management
converts product demand into cash flow to achieve operational effectiveness (Porter
1985; 1996). In practice, various sources of uncertainty may lead to supply–demand
mismatches in this closed-loop. In order to generate a “virtuous” operations–finance
cycle (marked in Fig. 1.1 by counterclockwise arrow), firms can adopt both
operational hedging and financial flexibility to match supply with demand. In other
words, to gain a sustainable competitive advantage in core competencies, firms
integrate operations and finance in risk management and thereby boost the
“metabolism” of the closed-loop.

Fig. 1.1 Closed-loop view of operations and finance
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Several related concepts coexist within the purview of integrated operations–
finance risk management. Work on the OFI consists of “research that shows con-
ditions under which a tighter integration of both functions within and across
enterprises leads to higher value creation, while at the same time advances the
knowledge and creates tools for enterprise risk management” (Birge et al. 2007), or
of “integrating operations and finance in assuring profitability in the networked
environment” (Kleindorfer 2012). In this book, we define the operations–finance
interface as involving research and practice that manages operational and financial
risks by joint optimization of material and monetary flows in and across enterprises.

An important subset of the OFI, supply chain finance, consists of “the
inter-company optimization of financing as well as the integration of financing
processes with customers, suppliers, and service providers in order to increase the
value of all participating companies” (Pfohl and Gomm 2009), or of “the use of
financial instruments, practices, and technologies to optimize the management of
working capital, liquidity, and risk tied up in supply chain processes for collabo-
rating business partners” (EBA 2014). Thus the operations–finance interface
examines the joint optimization of operations and finance across both functions in
an enterprise—and across organizations—within a supply chain, whereas supply
chain finance focuses on the management of financial processes via collaboration of
operational and financial partners within a supply chain.

Operational flexibility typically adapts the type, timing, and quantity of the
material flows in an activity network contingent on realizations of uncertainty.
Operational hedging is defined as “real (compound) options that are exercised in
response to demand, price and exchange rate contingencies faced by firms in a
global supply chain context” (Huchzermeier 1991), where real options consist of
the ability to “defer, expand, contract, abandon, or otherwise alter a project at
different stages during its useful operating life” (Trigeorgis 1993). Another defi-
nition of operational hedging is “mitigating risk by counterbalancing actions in the
processing network that do not involve financial instruments…may include various
types of processing flexibility” (van Mieghem 2003). In this book, we use the terms
operational hedging and operational flexibility interchangeably.

In contrast, financial flexibility is defined as “the ability of a firm to access and
restructure its financing at a low cost” (Gamba and Triantis 2008). Financial
flexibility can transfer monetary flows across time, markets, and organizations from
voluntary to binding positions through various financial instruments. A financial
instrument is “a contract that gives rise to a financial asset of one entity and a
financial liability or equity instrument of another entity” (IFRS 2012). Financial
flexibility also incorporates recapitalization to match supply with demand of
monetary flows and financial hedging of cash flow volatility, where financial
hedging is “hedging that uses counterbalancing positions in financial derivative
instruments” (van Mieghem 2003) and a financial derivative is “an instrument
whose value depends on, or is derived from, the value of another asset” (Hull
2012).

The closed-loop view of operations–finance interfaces can be interpreted from
two perspectives. On the one hand, resources flow across operational and financial
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units in an enterprise; on the other hand, resources flow across operational and
financial partners in a supply chain. The former view leads to enterprise risk
management (ERM), or “the ongoing proactive process of adopting a holistic
approach across the enterprise to all the uncertainty which may affect either posi-
tively or negatively the achievement of its key purposes and objectives, leading to
action to achieve greater business robustness and flexibility, efficient risk taking and
an appropriate risk-reward balance” (ICE/FIA 2009). In contrast, the latter view
results in supply chain risk management (SCRM), i.e., “the management of supply
chain risks through coordination or collaboration among the supply chain partners
so as to ensure profitability and continuity” (Tang 2006). A closely related notion,
integrated risk management, is defined as “a multidisciplinary approach that
exploits recent development in finance, decision theory, operations research, and
supply chain management to manage the complex, highly interacting, and diverse
global supply chain risks” (Kouvelis et al. 2012). In this book, we define integrated
risk management as “the joint analysis, synthesis, and optimization of operational
and financial risk management across functional units in an enterprise and across
supply chain partners”. Here, integration refers to (i) the joint identification/analysis
of operational and financial risks; (ii) the synthesis of operations management and
corporate finance (cf. Meulbroek 2002); and (iii) the unification of value-based
management (flexibility/growth) and risk management (hedging/mitigation).

Traditionally, integrated risk management is the domain of a firm’s CEO and
CFO (Buehler et al. 2008). However, a recent SCM World survey (Lee et al. 2012)
reports that chief supply chain officer (CSCO) positions have been created and have
become an integral part of corporate risk management; which can lead to a C-level
trilateral interaction (see Fig. 1.1) for integrated operations–finance optimization to
enhance the firm’s competitive advantage.

Over the last 20 years, a growing body of literature has focused on operations–
finance interfaces. This research proposes conditions under which firms should
integrate both functions within an enterprise and across a supply chain—which
leads to ERM and SCRM, respectively—to create higher value; it also proposes
ways to jointly optimize operational hedging and financial flexibility under intricate
risk exposures (cf. Birge et al. 2007).

This chapter aims at providing an overview of operations–finance interface by
addressing the following questions:

(i) When should firms adopt integrated operations–finance risk management?
(ii) Which steps should be taken when integrating operational hedging and

financial flexibility?
(iii) How to determine whether operations and finance are complements or

substitutes?

First, we introduce a “closed-loop” view of resources by a cycle of material,
financial, and information flows. Second, we synthesize various definitions on
operations–finance interface to ensure consistency. Third, we present a risk man-
agement framework for multidimensional integration of operations–finance

4 1 Introduction to Operations–Finance Interface



interfaces. Fourth, ten aspects are examined to specify the conditions under which
firms should integrate operations and finance. Fifth, we examine the decision cri-
teria for relationship analysis of operations and finance (complements or
substitutes).

1.2 Integrated Risk Management: A Framework

In order to ensure the accessibility for both academic researchers and industry
practitioners, we present a tailored framework for integrated risk management based
on the generic approach of ISO 31000 (ISO 2008) in Fig. 1.2. Input to integrated
risk management includes clear definitions of risk management objectives, where
various performance measures—for example, organic sales growth, adjusted
earnings before interest and taxes (EBIT) margin, and adjusted earnings per share
(EPS) growth—can be employed. Toward that end, risk data is collected and risk
information is continuously updated with respect to the enterprise and supply chain
context. Integrated risk management follows seven steps: (1) Identify risks and their
interdependence, (2) specify integration conditions, (3) select operational hedging
and financial flexibility, and (4) integrated optimization with relationship analysis
(complements/substitutes). We shall present detailed elaborations of steps (1–4) in
Sects. 1.3–1.6 to systematically review operations–finance interfaces.

Next, (5) implementation aims to cascade integrated risk management frame-
work in firms’ strategies, tactics, and operations. (6) Monitoring and review
specifies and measures responsibilities and performance metrics for integrated risk
management at the corporate, business unit, and functional levels. (7) Continuous
improvement takes a top-down and bottom-up iterative approach to ensure the
consistency and effectiveness of risk management steps through verification,

Fig. 1.2 A framework for integrated risk management
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modification, and validation (marked in Fig. 1.2 by three types of arrows).
Verification adjusts the realized risk management process to assure consistency with
pre-specified objectives; modification enhances a previous risk management step
with respect to feedback from the subsequent one; and validation ensures the
effectiveness of risk management steps in response to input updates. The above
three procedures connect the seven steps of integrated risk management as a
“waterfall” model with continuous improvement. The target output of integrated
risk management incorporates the firm’s enhanced competitive advantage in its core
competencies, coordination between operations and finance, as well as established
risk management benchmarks.

1.3 Identify Risks and Their Interdependence

Risk identification aims to screen, categorize, and document various sources of
uncertainty. Risk can be defined as a function of source, probability, consequence,
timing, and vulnerability of an undesirable event that may occur to an organization.
Closely related, uncertainty is “the unpredictability of environmental or organiza-
tional variables” (Miller 1992); ambiguity refers to “the situation where randomness
cannot be expressed in terms of exact probabilities” (Natarajan et al. 2012); while
hazard is “potential source of danger” (van Mieghem 2012). Risk incorporates both
upside and downside possibilities; while uncertainty or ambiguity emphasizes on a
shortfall of knowledge or information on possible outcomes; and hazard refers to
the downside risk. A risk matrix is frequently used for risk analysis, which is
typically a table that has several categories of “probability,” “likelihood,” or “fre-
quency” for its rows and several categories of “severity,” “impact,” or “conse-
quences” for its columns (Cox 2008). Risk exposure can be interpreted as the
product of probability and consequence of risk.

In this book, we concentrate on two major types of risk: Operational risk and
financial risk (see Table 1.1). Operational risk refers to uncertain time, quantity,
and price in supply, processing, and demand management. Financial risk is “the
possibility that the actual outcome is likely to diverge from the expected value”
(Sharpe 1985). Based on literature survey, we classify operational risk in three
categories using a process view (i.e., supply, processing, and demand risks) and
financial risk in two categories: Endogenous financial risk includes credit and
liquidity risks, which are uncertainties in corporate financing due to market
imperfections. Exogenous financial risk refers to the uncertainties arising from
volatile prices in financial market. This categorization also amplifies the interde-
pendence between operational and financial risks, as we shall elaborate next.

Interdependence among operational and financial risks incentivizes firms to
adopt integrated risk management. Operations–finance interface research has
identified three types of interdependence (marked in Table 1.1 by superscripts i, ii,
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and iii, respectively): (i) Financial constraints on operations, (ii) correlation between
operational and financial risks, and (iii) alternative risk mitigation. The first two
types are embedded in the two conversion processes between material and financial
flows in the closed-loop (see Fig. 1.1): Real investment and revenue management.
Whereas the third type lies in operational mitigation of financial risk and financial
hedging of operational risk.

Financial constraints on operations refers to the bottlenecks in real investment
due to market imperfections, i.e., budget constraints and costs associated with taxes,
financial distress, bankruptcy, and capital. To avoid suboptimal operations (e.g.,
underinvestment), financial hedging and liquidity management addresses these
restrictions and thereby maximizes firm value. For instance, capital constraints on
newsvendor procurement can be alleviated by bank loans that achieve channel
coordination (Dada and Hu 2008). Financial distress and bankruptcy risk can be
jointly mitigated by liquidity management and operational hedging (Gamba and
Triantis 2014). External loan financing and production technology decisions can be

Table 1.1 Risk identification

Operational risk Financial risk

Supply risk Supply disruption
riskc

Uncertain supply
capacity
Supply yield risk
Uncertain input
prices
Uncertain lead times

Endogenous financial
riska

Budget constraints
Financial distress
costs
Bankruptcy risk
Tax deductions
External debt costs
Agency and
transaction
costsProcessing risk Processing disruption

riskc

Uncertain processing
capacity
Technological risk
Processing yield risk
Uncertain processing
costs

Demand risk Product demand risk
Market demand risk
Uncertain output
prices
Uncertain service
cost
Marketing and sales
risks
Distribution risk

Exogenous financial
riskb

Interest rate risk
Exchange rate
uncertaintyc

Asset price
uncertainty
Commodity price
riskc

Derivative price
uncertainty

aFinancial constraints on operations in real investment that are caused by endogenous financial risk
and result in supply/processing risks
bCorrelation between demand risk and exogenous financial risk in revenue management
cAlternative risk mitigation via operational hedging of financial risk and/or financial hedging of
operational risk

1.3 Identify Risks and Their Interdependence 7



jointly optimized under budget constraints and a fixed bankruptcy cost (Boyabatli
and Toktay 2011).

Correlation between operational and financial risks leads to a stronger link
between operations and finance in revenue management. For example, the corre-
lation between demand uncertainty and an economic or financial variable can result
in joint operational and financial hedging (Mello et al. 1995). The magnitude of
correlation between demand and exchange rates can determine the optimal capacity
and financial hedging decisions (Chen et al. 2014). The correlated demand uncer-
tainty with asset prices enables financial hedging of inventory risk, where the level
of correlation affects the reduction in profit variance due to hedging (Gaur and
Seshadri 2005). Another type of correlation can be detected between operational
price risk and economic or financial variables. Price risk can be operational or
financial because it may influence either type of costs. Operational price risk refers
to uncertain input and output prices that influence operational costs, whereas
financial price risk is the price uncertainty of assets and derivatives in financial
markets. For instance, the dependence of input price on financial market move-
ments leads to joint procurement and financial hedging (Caldentey and Haugh
2009).

Alternative risk mitigation consists of operational hedging of financial risk and
financial hedging of operational risk. First, financial risk such as exchange rate
uncertainty can be hedged operationally via real options and financially by currency
derivatives (Ding et al. 2007). Second, operational risk that is commonly verifiable
can be mitigated financially by insurance, which argues for joint insurance and
operations management. For example, disruption risk can be managed by incor-
porating contingent supply, inventory, and business interruption insurance (Dong
and Tomlin 2012). Third, price uncertainty that is both operational and financial
motivates integrated risk management, e.g., commodity price risk can be managed
by long- and short-term contracting and by financial hedging via commodity
derivatives (Kouvelis et al. 2013).

1.4 Specify Integration Conditions: When to Integrate—
Or not

Given the identified risks and their interdependence, one natural question arises:
Under which conditions (i.e., prerequisites and outcomes) should firms integrate
operations and finance? Owing to the heterogeneity between operational hedging
and financial flexibility, operations–finance interface research has examined ten
dimensions to specify integration conditions: (1) Source of uncertainty, (2) timing,

8 1 Introduction to Operations–Finance Interface



(3) availability, (4) value, (5) risk, (6) cost, (7) organizational structure, (8) supply
chain structure, (9) information structure, and (10) capital structure. For ease of
exposition, we classify the above ten dimensions into three categories: Feasibility
(1–3), trade-offs (4–6), and structure (7–10); see Table 1.2.

To start with, firms integrate operational and financial strategies when both are
feasible with respect to source of uncertainty, timing, and availability. Source of
uncertainty determines the specific choices of operational hedging and financial
flexibility, and the type of interdependence between operational and financial risks
(see Sect. 1.3) can also affect the feasibility of a strategy—instrument portfolio.
Operational strategy is more effective in mitigating operational or competitive risks,
whereas financial instruments can provide a better hedge against financial and
transactional risks. For instance, the presence of uncertain demand and exchange
rates can lead to integrated production flexibility and financial hedging (Chowdhry
and Howe 1999). Market risk can be fully hedged even in a partially complete
financial market; however, demand uncertainty is private risk that can be hedged
only by inventory management, not by financial instruments (Chen et al. 2007).
Similar results are derived by comparing the relative effectiveness of operational
and financial hedging in mitigating demand and currency risks (Ding et al. 2007).

The timing alignment of operational and financial decisions can also affect the
feasibility of integrated risk management. Operational flexibility takes time to
develop, whereas shorter maturities allow financial hedging to be implemented in a
timelier manner. Thus, a financial instrument can serve as a buffer before imple-
menting the operational strategies under risk exposure (Hommel 2003). Integrated
risk management typically requires that the planning horizons of operations and
finance be aligned; this can be accomplished by dynamic financial hedging in each
period within long-term operational planning (Zhu and Kapuscinski 2011). The
type of interdependence between operational and financial risks (see Table 1.1) can
influence the relative timing of operational and financial decisions: (i) Financial
constraints on operations in real investment can result in an ex ante or simultaneous
financing via cash instruments or supply chain financing, such as bank loan, trade
credit, and factoring (Yang and Birge 2010). (ii) Correlation of operational and
financial risks in revenue management typically requires ex post or simultaneous
financial hedging (Ding et al. 2007). (iii) Alternative risk mitigation can result in
financial decisions that are ex ante in the case of business interruption insurance
(Dong and Tomlin 2012).

Moreover, availability of an operational/financial strategy alters the feasible set
of integrated risk management. For instance, operational hedging depends on real
investments in technology choices: Product flexibility requires initial investment in
dedicated or flexible production technologies (Boyabatli and Toktay 2011). Note
that financial hedging may be restricted in that, for example, currency derivatives
are available only for major currencies (Huchzermeier and Cohen 1996). Besides,
debt financing may be subject to loan limits, such as those inherent in asset-based
lending (Alan and Gaur 2012).

Firms optimize operational hedging and financial flexibility by trading off value,
risk, and cost. The expected value (denoted in Table 1.2 as E½V �) of an operational
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strategy is typically positive because real options can limit downside risks while
exploring upside potential (Triantis 2000). The value-enhancing effects of financial
hedging depend largely on market assumptions and hedging objectives. In an
efficient (arbitrage-free) market, the expected value of financial hedging is zero; this
is known as a “self-financing” trading strategy. Under market imperfections (e.g.,
budget constraints and the costs associated with taxes, financial distress, bank-
ruptcy, and external debt), the expected value of financial hedging can be positive if
there are cost-reduction effects. In addition, the objective of financial hedging is
value maximizing when the aim is to avoid “lower-tail outcomes” while preserving
upside potential (Stulz 1996).

Risk-averse firms optimize operational and financial strategies with respect to
their risk mitigation effects. Global supply chain network options may exploit the
cash flow volatility (Huchzermeier and Cohen 1996); while allocation option can
decrease the unit profit variance in global production (Ding et al. 2007). The
variance effects of production flexibility reflect the extent of correlation of output
price and exchange rate; thus, positive (negative) correlation leads to decreased
(increased) variance (Mello et al. 1995). The variance reduction effects of financial
hedging depend on the firm’s objective. In an efficient market, financial hedging can
be used to minimize volatility. In the presence of market imperfections, the
objective of hedging can be either to maximize value or to minimize variance
(Gamba and Triantis 2014).

In addition, cost of a risk management strategy varies as a function of avail-
ability, time, and volatility. Operational flexibility can be more costly because it
requires an initial investment. For example, production flexibility depends on
investments in multicountry facilities, and multisourcing flexibility depends on
switching costs and development of the supplier base. In contrast, financial hedging
is less costly because of lower or insignificant transaction costs. One must bear in
mind that the costs of operational and financial hedging can evolve over time.
Depending on the type of options and the type of hedging, the cost of real options
may decrease over time (e.g., the switching costs can be spread across additional
periods), whereas the cost of financial hedging may increase as the time horizon
extends (Huchzermeier and Cohen 1996). Finally, greater volatility may result in
more cost-effective operational flexibility and increase the cost of financial hedging;
the reason is that the cost of production capacity is less sensitive to volatility than is
the cost of financial derivatives (Triantis 2000).

The third category in Table 1.2 illustrates the mutual adjustments between
integrated risk management and various structures: organizational, supply chain,
information, and capital. On the one hand, the integrated operations–finance risk
management can be tailored to these specific structures; on the other hand, firms can
adapt a given structure to ensure the effectiveness of integrated risk management.
Organizational structure in an enterprise plays an important role in mitigating risk,
because the various risk exposures must be addressed by cross-functional central-
ization, collaboration, and coordination (the Three Cs) in ERM. Besides balancing
the interactions between operations and finance, integration also leads to synergistic
benefits—for example, economies of scale can arise from a firm’s (cross-functional)
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overall hedging positions to avoid costly non-cooperative strategies (Kleindorfer
and Saad 2005). However, costs may stem from the coordination among local or
functional units with regard to legal and operational restrictions (Glaum 2005).
Therefore, a firm’s optimal structure depends on a trade-off between the benefits of
centralization and the costs of coordination.

Supply chain structure affects firms’ competitive and collaborative positions, and
thereby determines optimal integrated risk management. Firms need not mimic the
risk mitigation strategies of their rivals. If a competitor’s weakness (due, e.g., to
insufficient hedging) reduces the likelihood of industry overcapacity, then the
benefits of investing in foreign countries may increase; this, in turn, incentivizes the
firm to hedge more via currency derivatives (Froot et al. 1994). The Three Cs across
supply chain partners are also required for successful SCRM. For instance, a
decentralized supply chain with optimal financing and contracting under capital
constraints can be coordinated via trade credit and bank financing (Kouvelis and
Zhao 2012). Supply chain structure determines a firm’s optimal payments to
upstream and downstream partners (Gupta and Dutta 2011). At the same time, firms
can adjust supply chain structure to meet market shifts and modify supply network
to strategies, products, and technologies (Lee 2004). Supply chain adaptations with
focus on quality control and risk management lead to robust and resilient supply
chains, respectively (Christopher and Rutherford 2004). Firms can improve supply
chain resilience (Sheffi and Rice 2005) by adopting operational flexibility strategies
(see Chap. 3).

Information structure in the supply chain, financial markets and an enterprise
can alter the optimality of risk management strategies as well. Information asym-
metry among operational and financial partners in supply chain naturally affects the
coordinated mitigation of risk. Information sharing may reduce the bullwhip effects
and thus help to match supply with demand of material flows (Lee et al. 1997).
Promoting information flow with suppliers and customers enhances supply chain
agility and alignment (Lee 2004). In a financial supply chain, information asym-
metry effects can be ameliorated by the design of financing mechanisms. For
instance, asset-based lending can be adopted to reduce information distortion along
the financial chain (Alan and Gaur 2012). We remark that a financial market’s
information structure can shape the optimality of joint operational and financial
hedging. Complete versus partial information in financial markets yields different
solutions to joint newsvendor procurement and financial hedging (Caldentey and
Haugh 2006). The enterprise information structure (with respect to managers and
shareholders) is a key concern of capital structure theories; that concern has
spawned such notions as “separation property”, “static trade-off”, and “pecking
order” (see Chap. 2).

Furthermore, capital structure determines the choice of operational and financial
strategies in the face of shareholder equity concerns. For instance, the liability
structure of a multinational firm shapes the interaction between production flexi-
bility and financial hedging under agency costs of debt and bankruptcy risk. Greater
flexibility reduces the number of hedging contracts needed for a given debt level but
increases that number if the leverage ratio is fixed (Mello et al. 1995). Since risk
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management can be viewed as a substitute for equity capital, it increases the firm’s
debt capacity under financial distress (Stulz 1996). A firm’s product flexibility can
affect its optimal capital structure and thereby mitigate underinvestment, share-
holder–debtholder agency conflict, and default risk (Chod and Zhou 2014). The
choice of capital structure is affected by whether the objective is to maximize firm
value or equity value—as is the optimality of operations, hedging, and liquidity
management (Gamba and Triantis 2014).

1.5 Select Operational Hedging and Financial Flexibility

Once the integration conditions are specified and fulfilled, firms can proceed to
select their portfolios of operational and financial strategies. In order to provide an
overview of risk management strategies for this portfolio selection, we classify
financial flexibility and operational hedging into 3 and 6 categories, respectively.

Distinguishing by valuation mechanisms, we present three categories of financial
flexibility instruments: (1) A cash instrument is one whose value is determined
directly by markets; these instruments may include bonds, loans, stocks, liquidity
management, foreign currency reserves, and insurance. (2) A supply chain instru-
ment is an agreement among operational and/or financial partners for transferring
financial flows in a supply chain; it can take the form of a supplier subsidy, trade
credit, factoring, reverse factoring, invoice discounting, or currency risk sharing.
(3) A derivative instrument derives its price from the value of some other financial
instrument or variables (e.g., futures, forwards, call and put options, swaps).
Derivative markets exist for various underlying assets, including currency and
interest rates, equity, credit, stocks, commodities, and even the weather. For
detailed elaborations of financial flexibility instruments, please refer to Chap. 2.

Adopting a process view, we classify operational hedging strategies into six
categories: (1) Supply flexibility incorporates multisourcing, contingent supply,
backup supply, supplier improvement, and inventory mitigation to manage supply
uncertainty. (2) Processing flexibility includes production flexibility, product flex-
ibility, modularization, and launch flexibility to match supply and demand of
material flows. (3) Demand flexibility uses demand shifting, allocation options,
after-sales services, and entry/exit options to mitigate demand risk. (4) Network
flexibility accounts for how supply chain network options, network configuration,
coordination options, integration options, and reverse logistics are used to optimize
supply chain networks. (5) Timing flexibility, which includes both advance flexi-
bility and postponement flexibility, focuses on the time dimension of supply chain
processes. Finally, our concept of (6) flexibility mix integrates the preceding five
flexibilities within a category or across categories. For detailed elaborations of
operational hedging strategies, please see Chap. 3.
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1.6 Optimize Integrated Operations–Finance:
Complements or Substitutes?

Based on the selection of operational strategies and financial instruments, firms
jointly optimize their portfolios of real and financial assets. One natural question
arises in joint optimization: Are operational hedging and financial flexibility
complements or substitutes?

For ease of discussion, we define four types of relationship between operations
and finance based on literature survey. A generic value function, V, denotes a firm’s
optimization objective. The value of integrated operations–finance risk manage-
ment is VðO;FÞ ¼ VðOÞþVðFÞþVðIEÞ. Here the adpoted operational hedging,
O 2 O (i.e., feasible set of operational strategies) and financial flexibility, F 2 F

(i.e., feasible set of financial instruments). VðIEÞ refers to the interaction effects
between operations and finance: (i) If VðO;FÞ[VðOÞþVðFÞ, i.e., VðIEÞ[ 0,
operational hedging and financial flexibility are complements. (ii) If
VðO;FÞ ¼ VðOÞþVðFÞ, i.e., VðIEÞ ¼ 0, operational strategy and financial
instrument are separate. Moreover, when VðO;FÞ\VðOÞþVðFÞ, i.e., VðIEÞ\0,
operational hedging and financial flexibility are substitutes. Two cases are present
in this setting: (iii) If VðO;FÞ[maxfVðOÞ;VðFÞg, operational strategy and
financial instrument are partial substitutes; (iv) if V O;Fð Þ�maxfV Oð Þ;V Fð Þg,
operational hedging and financial flexibility are perfect substitutes. In case (iii), the
value of integration is less than the sum of two mechanisms, yet integration can still
add value to the firm because its value is strictly larger than the value of any single
strategy. In case (iv), either operational hedging or financial flexibility can achieve
the first-best solution in the firm’s objective, i.e., if the value increment of inte-
gration (defined as DV ¼ V O;Fð Þ �maxfV Oð Þ;V Fð Þg) is negative or zero,
operational strategy and financial instrument are redundant and mutually exclusive.

Global supply chain management has focused on the relationship of operational
flexibility and financial hedging. Relationships among various operational and
financial strategies can be analyzed by examining the marginal value increment of
an additional strategy, though conclusions will differ according to model assump-
tions and variable changes. Table 1.3 presents an overview of analytical explo-
rations in relationship analysis.

Production flexibility by shifting production in different countries can be adopted
as a “value driver”, while currency hedging via financial derivatives can tailor the
variance (Hommel 2003; Ding et al. 2007). Although production flexibility and
currency hedging are typically found to be complementary, they may exhibit
substitution effects if operational hedging increases expected profit and reduces
variance (Mello et al. 1995; Ding et al. 2007). Provided the integration of both
mechanisms can lead to a positive value increment in the firm’s objective, they are
partial substitutes and should be adopted simultaneously and optimized jointly
(Chen et al. 2014). Whereas both production and financial hedging are effective in
managing currency risk, operational hedging is typically more effective in miti-
gating demand risk. It has been shown that financial hedging is more efficient when
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the firm is strongly averse to risk than otherwise (Zhu and Kapuscinski 2011; Chen
et al. 2014). Furthermore, a firm’s liability structure (e.g., debt level) can be part of
what determines the optimal joint operational and financial hedging under market
imperfections (Mello et al. 1995).

For instance, operational flexibility and financial hedging via weather derivatives
can be jointly adopted to manage weather-dependent demand risk. Product flexibility
and financial hedging are complements or substitutes depending on whether there is
(respectively) a positive or negative correlation between demand and weather vari-
able; postponementflexibility andfinancial hedging are substitutes (Chod et al. 2010).
Insurance and operational strategies (inventory and emergency sourcing) can be
complements or substitutes, depending on whether their net-premium interaction
dominates penalty-reduction in managing disruption risk (Dong and Tomlin 2012).
Supplier subsidies and inventory can be substitutes with back orders; capacity
ordering and subsidies are substitutes under proportional random yield; and the
relationship between order quantities and subsidies depends on how convex the
manufacturer’s cost function is with upfront capacity costs (Babich 2010).

Moreover, market imperfections can affect the optimality and relative effec-
tiveness of operational hedging and financial flexibility. Operational strategies and
financial instruments are typically found to be complementary, yet they may behave
as partial substitutes when being jointly optimized. Ensuring monetary supply via
operational flexibility, financial hedging, and liquidity management can enhance
firm value through real investments and reduce the costs of market imperfections.
The optimality of joint financing and real investment depends on the risk exposure
of real investments and revenues, market competition, and the hedging strategies of
competitors (Froot et al. 1993), as well as on the interplay of operational diversi-
fication, capacity pooling, and loan financing (Boyabatli and Toktay 2011).
Liquidity management is critical to integrated risk management motivated by
market imperfections (Gamba and Triantis 2014).
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Chapter 2
Capital Structure and Financial Risk
Management

This chapter emphasizes the link, between capital structure and financial risk
management, that is central to matching the supply with demand of monetary flows.
We start by investigating how capital structure theories are applied for approach
choice of operations and finance (centralization or decentralization). Next, we link
approach choice and relationship analysis in the context of integrated risk man-
agement. We then categorize the types of financial flexibility and describe the
various financial instruments. Finally, we study the interaction between corporate
investment and financial risk management.

2.1 Approach Choice: Centralization or Decentralization?

In addition to relationship analysis between operations and finance, firms face the
choice of centralized versus decentralized approach to integrated risk management.
Operations–finance interface models have invoked three theories of capital struc-
ture1—separation property, static trade-off, and pecking order—for this approach
choice.

Modigliani and Miller (1958) argue that a firm’s capital structure and financial
decisions are independent of the optimal investment and operational decisions
under perfect capital markets. This is referred to as the separation property of
operations and finance, which should hold in the absence of information asymmetry
and incentive misalignments between shareholders and managers. Subsequent
research has incorporated various market frictions and information structures,
which has resulted in two competing theories of capital structure: Static trade-off
theory and pecking order theory. In static trade-off theory proposed by Modigliani
and Miller (1963), a firm optimizes its liability structure by trading off the benefits

1For extensive reviews of capital structure research, please see Harris and Raviv (1991), Myers
(2003), and Graham and Leary (2011).
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and costs of external debt under complete information. The benefits of external debt
include, for instance, the tax shield and fewer free cash flow problems; the costs of
debt include the costs associated with, inter alia, financial distress, bankruptcy risk,
and agency problems. In contrast, Myers and Majluf (1984) and Myers (1984)
propose a pecking order theory that incorporates manager–shareholder information
asymmetry and in which firms prefer internal to external financing because of
transaction and adverse selection costs. Even though managers are supposedly
better informed than shareholders, the former are assumed to act in the best interests
of the latter. Given these assumptions, a firm sources its capital by the following
pecking order: from cash flow (internal equity), straight debt, convertible debt (with
equity option), to external equity.

The separation property between operations and finance, static trade-off theory,
and pecking order theory have been applied to choose a centralized versus
decentralized approach to integrated risk management. To start with, recall that
separation property refers to the case where operational and financial strategies are
adopted simultaneously but optimized separately (decentralization) with zero
interaction effects (see Sect. 1.6). The separation of operations and finance is typ-
ically derived under strong modeling assumptions (e.g., perfect capital market).
Besides, this property does not imply that the optimality of operational and financial
decisions is irrelevant; in fact, optimizing operational and financial decisions sep-
arately can create significant value. For instance, a given operational strategy can
lead to a determinate firm value independently of financial hedging. Meanwhile,
currency hedging affects the feasible set of production strategies under bankruptcy
risk and agency costs of debt (Mello et al. 1995). Optimal inventory can be inde-
pendent of a firm’s wealth, market position, and financial hedging in a multiperiod
inventory model featuring a partially complete financial market (Smith and Nau
1995), whose incompleteness stems from private demand risk (Chen et al. 2007).
Optimal capacity reservation and supplier subsidy decisions can be made separately
under conditions of independent supply and demand shocks, no inventory, random
capacity, and zero upfront costs (Babich 2010). Under perfect (competitive) capital
market assumptions, capital constrained firms can decouple its operational and bank
financing decisions (Boyabatli and Toktay 2011; Kouvelis and Zhao 2012).

Moreover, joint production and financing decisions can be optimized simulta-
neously as a static trade-off between tax benefits of debt and financial distress costs
under demand uncertainty and market imperfections (Xu and Birge 2004). The
trade-off between investing in an external market and a newsvendor business with
asset-based lending shapes the business owner’s capital structure under tax codes,
bankruptcy costs, and information asymmetry (Alan and Gaur 2012).

Finally, the pecking order theory as applied in integrated risk management
suggests that financial instruments and operational strategies are partial substitutes
with different execution priorities due to various costs. For example: if production
diversification and flexibility incur additional costs, then financial instruments will
be preferred over operational strategies (Hommel 2003). When financing expansion
of pre-IPO production capacity under a budget constraint, the firm can first con-
sume internal assets as the cheapest capital and then turn to bank loans (Babich and
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Sobel 2004). In the presence of cash holding costs, loan limits, and external
financing costs; real investment may be financed by a pecking order among internal
funds, credit lines, and external equity (Bolton et al. 2009). To finance inventory in
a budget-constrained supply chain, a retailer first chooses internal capital, then
employs the cheapest trade credit, and finally diversifies external financing between
trade credit and bank loan (Yang and Birge 2010). The manufacturer can choose the
less expensive financing option (bank loan versus trade credit) in a supply chain
under random yield, fixed supplier costs, financial constraints, and information
asymmetry (Babich et al. 2012). Furthermore, the pecking order theory holds when
it is optimal for a manufacturer to borrow the smallest amount from a bank that
satisfies the liquidity constraint (Li et al. 2013). Table 2.1 summarizes the appli-
cations of capital structure theory in optimizing integrated risk management.

2.2 Link Relationship Analysis with Approach Choice

By connecting the relationship analysis (Sect. 1.6) and approach choice (Sect. 2.1)
of integrated risk management, we find that the interaction effects and value
increment jointly determine the relationship, compatibility, and approach of inte-
grated operations and finance. Table 2.2 depicts the link between relationship
analysis and approach choice in operations–finance interface models through three
causal relations: (i) The interaction effects between operational hedging and
financial flexibility shape their relationship, (ii) the value increment in the firm’s
objective determines their compatibility, and (iii) the interaction effects and value
increment can jointly set the optimal approach to integrated risk management.

Intuitively, one may expect that operational hedging and financial flexibility
should be optimized in a centralized (decentralized) manner if they are comple-
ments (substitutes). However, this one-to-one correspondence does not always hold
for integrated risk management. We find two counterintuitive results in Table 2.2:
(i) If the interaction effects are zero (separation), operational strategies and financial
instruments should be adopted simultaneously yet optimized separately (decen-
tralization). (ii) Operational hedging and financial flexibility should be optimized in
a centralized manner even if they are partial substitutes.

The managerial insights from Table 2.2 are as follows: When operational
hedging and financial flexibility are complements or partial substitutes, they should
be optimized by centralization, collaboration, and coordination of operational and
financial departments. In Case I (resp., Case III), the Three Cs (i.e., centralization,
collaboration, and coordination) between operations and finance should focus on
maximizing (resp., minimizing) their interaction effects. When operational hedging
and financial flexibility are separate or perfect substitutes, they should be optimized
independently. Case II leads to respective optimizations of operations and finance.
In Case IV, a firm’s risk management should incorporate either operational
strategies or financial instruments.

2.1 Approach Choice: Centralization or Decentralization? 23
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After joint optimization of operations and finance, efficiency and effectiveness of
integrated risk management can be evaluated by performance measures such as
organic sales growth, adjusted EBIT and EPS (Rorsted and Knobel 2012). Supply
chain partners may trade off financial and operational measures. For instance,
increases in working capital can decrease total operational cost, increase total
financial cost, and lower return on working capital investment in a two-stage supply
chain (Protopappa-Sieke and Seifert 2010). Successful risk management practices
can be established as performance benchmarks for future implementations.
Sustained value creation from integrated operations–finance optimization leads to
competitive advantage in firms’ core competencies (see Fig. 1.1).

2.3 Categorization of Financial Flexibility

In this section, we divide financial flexibility instruments into three categories based
on their valuation mechanisms. Table 2.3 presents the categories and instruments
along with their corresponding mechanisms and trade-offs.

(1) A cash instrument is one whose value is determined directly by markets; such
instruments include loans, stocks, liquidity management, foreign currency
reserves, and insurance. A loan refers to the act that a creditor gives monetary
value to another party in exchange for future repayment of the principal amount
along with interest or other finance charges. A special form of loan, asset-based
financing, is offered by banks and secured by suppliers’ physical assets, such as
inventories and equipment (Buzacott and Zhang 2004). A technology-specific
loan features a unit financing cost that depends on the firm’s choice of flexible
versus dedicated technologies (Boyabatlı and Toktay 2011). A stock is a type of
security that signifies ownership in a firm and represents a claim on part of the
firm’s assets and earnings. “Common” stock gives the owner the right to vote at
shareholders’ meetings and to receive dividends; owners of “preferred” stock
seldom have voting rights yet have a higher claim on assets and earnings than
that of common shareholders. That is, owners of preferred stock receive divi-
dends before common shareholders do and also have priority in the event of
bankruptcy or liquidation.

Table 2.2 Link of relationship analysis and approach choice

Case Interaction
Effects

Value Increment Relationship Compatibility Approach

I V IEð Þ[ 0 DV [ 0 Complements Compatible Centralization

II V IEð Þ ¼ 0 DV [ 0 Separation Compatible Decentralization

III V IEð Þ\ 0 DV [ 0 Partial substitutes Compatible Centralization

IV V IEð Þ\ 0 DV [ 0 Perfect substitutes Incompatible Decentralization,
exclusion
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Table 2.3 Categorization of financial flexibility

Category Financial
instrument

Mechanism Trade-offs References

Cash
instruments

Loans A certain amount of cash
borrowed at a fixed interest
rate from a creditor (e.g.,
asset-based or
technology-specific)

Operational
benefits versus
Interests
payments

Buzacott and
Zhang (2004),
Boyabatlı and
Toktay (2011)

Stocks A security that represents
ownership in a firm and has
claims on part of the firm’s
assets and earnings

Bid price versus
Ask price

Caldentey and
Haugh (2006)

Liquidity
management

A reserve fund that consists
of cash holdings in a base
currency or other highly
liquid assets

Liquidity
benefits versus
Holding costs

Gamba and
Triantis (2014)

Foreign
currency

A monetary reserve of a
firm in foreign currency

Reserve
benefits versus
Currency risk

Chowdhry and
Howe (1999)

Insurance An equitable transfer of the
risk of a loss (e.g., business
interruption) from one
entity to another in
exchange for payment

Insurance
coverage versus
Insurance
premium

Dong and
Tomlin (2012)

Supply
chain
instruments

Supplier
subsidy

A buyer provides financial
aid to a supplier to increase
its assets or reduce its
liabilities

Supplier
reliability
versus Subsidy
costs

Babich (2010)

Trade credit A buyer purchases goods
from a supplier with
optional postponed
payment (extended credit)

Early payment
discount versus
Postponed
payment price

Kouvelis and
Zhao (2012)

Factoring A supplier sells accounts
receivable to a third party at
a discount for immediate
cash

Liquidity
benefits versus
Factoring
discount

Yang and Birge
(2013)

Reverse
factoring

A creditor buys accounts
receivable from a supplier
under an acceptance from a
reputable buyer who
commits to pay the creditor
on the due date

Liquidity
benefits versus
Interest rate
costs

Klapper (2006)

Dynamic
discounting

A supplier offers early
payment discount at various
time-dependent rates to a
buyer

Liquidity
benefits versus
Discount rates

EBA (2014)

Currency
risk sharing

A contract that allows
exchange rate gains/losses
to be shared equally by a
supplier and a buyer

Expected payoff
versus Currency
uncertainty

Kouvelis (1999)

(continued)
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Liquidity management is usually based on a reserve fund that comprises cash
holdings in a base currency or other highly liquid assets. Liquidity management is
an important risk management mechanism, especially when hedging tools are
limited in the extent to which they can mitigate risk exposure and/or when
restructuring operations involve extraordinary costs (Gamba and Triantis 2014). In
practice, the importance of liquidity management has been highlighted by experi-
ence gained during the 2007–2008 financial crisis. For instance, BMW developed
and rigorously adheres to a minimum liquidity standard, under which solvency is
assured at all times by maintaining a liquidity reserve and a broad diversification of
refinancing sources (BMW 2015). Foreign currency reserve refers to the monetary
value that a firm keeps in foreign currency in order to mitigate the effects of
exchange rate fluctuations (Chowdhry and Howe 1999). Insurance is a contract
whereby one party receives financial protection, or the promise of reimbursement
against losses, from another party—usually an insurance firm. Insurance companies
pool their respective clients’ risks so that premiums (periodic payments) are more
affordable for the insured. Specific insurance products have been developed to
protect firms from operational risks. For example, “business interruption” insurance
protects the firm against losses incurred when it cannot operate normally because of
disruption to one of its facilities or to a supplier’s facility (Dong and Tomlin 2012).

Table 2.3 (continued)

Category Financial
instrument

Mechanism Trade-offs References

Derivative
instruments

Futures A standardized agreement
to buy an amount of an
asset at a fixed price at a
standardized delivery time
in the future

Hedging
benefits versus
Financial
uncertainty

Kouvelis (1999)

Forwards A customized agreement to
buy an asset at a fixed price
at a specific time in the
future

Hommel (2003)

Call/put
options

An agreement that gives
holder the right to buy/sell a
certain asset by a certain
date for a certain strike
price

Ding et al.
(2007)

Swaps An agreement to exchange
cash flows at specified
future times according to
certain specified rules

Hull (2012),
Gamba and
Triantis (2014)
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(2) A supply chain instrument is an agreement among operational and/or financial
partners for transferring financial flows in a supply chain. Examples include
trade credit, dynamic discounting, supplier subsidy, factoring, reverse factoring,
and currency risk sharing. Of these, the first two are designed to alleviate the
capital constraint of a downstream buyer (retailer). Trade credit refers to a
supply contract under which a buyer can purchase the supplier’s products at a
discounted wholesale price if paying early or, if paying later, at a pre-specified
financing rate (Kouvelis and Zhao 2012). A frequently employed trade credit
term, “2/10, net 30”, means that (a) the buyer will receive 2% discount if
payment is received within 10 days of the invoice date but (b) full (undis-
counted) payment within 30 days is required otherwise. So under these terms,
the recipient of a $2000 invoice can either take a 2% discount
($2000 � 0.02 = $40) and make a payment of $1960 within 10 days or pay the
full $2000 within the remaining 20 days. Trade credit is an example of “static”
discounting—in contrast to dynamic discounting, which generates for suppliers
the early receipt of accounts payable due from a buyer in return for a variable
discount rate that declines as payment delay increases (EBA 2014). Dynamic
discounting eliminates a buyer’s risk of missing out on a discount if invoice
approval takes longer than the 10 days cited by a “2/10, net 30” arrangement.
Figure 2.1 shows that dynamic discounting allows both buyers and suppliers to
set terms by placing them on a sliding scale that is open to negotiation. Thus the
buyer can take the maximum allowed discount at any time within the payment
window because supplier and buyer have agreed in advance on the applicable
discount rates.

The following three instruments are used to alleviate the financial constraints of
an upstream supplier. Supplier subsidy is a type of financial aid where a buyer offers
to increase a supplier’s assets or to reduce its liabilities (Babich 2010). For instance,
when Visteon—a supplier of Ford Motor Company—considered filing for bank-
ruptcy in 2005, the case was averted after Ford agreed to pay between $1.6 billion

Fig. 2.1 “2/10, net 30” trade credit (left panel) and dynamic discounting (right panel)
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and $1.8 billion to assist Visteon’s restructuring process (White 2005). Under
factoring, a supplier sells accounts receivable to a third party (the factor) at a
discount, amounting to interest plus service fees, for immediate cash. There are two
types: recourse factoring and non-recourse factoring. If the factoring transfers the
receivable “with recourse” then the factor has the right to collect the unpaid invoice
amount from the supplier (seller); if the factoring process transfers the receivable
“without recourse”, then the factor must bear the loss if the buyer (account debtor)
fails to pay the invoice amount. Reverse factoring is a financing solution initiated
by the buyer (ordering party) in order to help its suppliers finance their receivables
at a lower interest rate than what is offered by a financial institution. In the reverse
factoring program illustrated in Fig. 2.2, the buyer has set up such a program with
financier (the bank) for an onboard supplier. In this program, the financing process
is as follows. First, an eligible supplier sets up an account with the bank, which is
confirmed by the buyer. After product shipment, the supplier submits a disburse-
ment request (along with a copy of the invoice) to the bank. Then bank immediately
(e.g., on day 1) pays a large portion (e.g., 90%) of the invoice and subsequently
pays the remaining portion (after deducting for interest) to the supplier on the
agreed due date, which is typically on day 30. Meanwhile, the bank receives 100%
payment from the buyer on that due date.

Currency risk sharing is an agreement whereby the gains or losses due to
exchange rate fluctuations are shared equally by supplier and buyer (Kouvelis
1999). Suppose, for example, that an American firm purchases goods worth
€10,000 from an European supplier and that payment is due within three months of
the contract being signed. If the exchange rate at the time of the purchase contract is
1.2 (i.e., €1 = $1.20), then the payment is equivalent to $12,000 (all amounts in
this example are given in USD). Now suppose that, when the three months have
elapsed, the exchange rate has dropped to 1.0; in that event, the payment is worth
only $10,000. Thus the European company has lost a portion of its return for no
other reason than that the exchange rate has changed. Yet if a currency risk sharing

Fig. 2.2 Mechanism of a reverse factoring program
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contract is in place, then that $2000 loss can be shared equally by the two parties;
that is, each will absorb a $1000 loss.

(3) The price of a derivative instrument is based on the value of some other
financial instrument or variables. Financial derivatives can be written on a
variety of underlying assets: currency, interest rates, equity, credit, stocks,
commodities, and even the weather. Future contracts are standard agreements
to buy or sell an asset for a certain price at a certain time, where the strike price
is the contract’s fixed price. A long (resp. short) position in a contract refers to
the obligation to buy (resp. sell) the underlying asset. Futures contracts are
typically traded on an exchange, where contracts are “settled” daily. Both
contractual parties in a futures contract are required to post a so-called margin
(in cash or marketable securities) with the exchange clearinghouse, an action
that ensures they will honor their contract commitments. Forward contracts are
customized agreements to buy or sell an asset at a certain price at a certain
future time; most such contracts are traded on the over-the-counter
(OTC) market. Figure 2.3 plots the respective payoffs from long and short
positions in either a future or a forward contract. For instance, if a firm holds a
long position in a forward contract at a strike price of $100, then it will gain $20
if the price of the underlying asset rises to $120 but will lose $20 if that price
falls to $80. Short positions exhibit an analogous (but converse) dynamic.

There are two types of options contract. A call option is a right to buy a certain
asset by a certain date for a certain price (the strike price), whereas a put option is a
right to sell a certain asset by a certain date for a certain price. Figure 2.4 illustrates
the respective payoffs of call and put options. For example, if a firm purchases a call
option contract with a strike price of $100 at a risk premium of $12, then it will gain
$20 if the price of the underlying asset rises to $120 yet will lose only $12 (the risk
premium) if that price falls to $80—because then the call option will not be exe-
cuted. An analogous case can be described for a put option contract. Options
contracts are traded both on exchanges and on the OTC market. An American

Fig. 2.3 Payoffs from a long position (left panel) and a short position (right panel) in futures/
forwards
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option can be exercised at any time during its life, whereas a European option can
be exercised only at maturity. With futures and forwards contracts, the holder has
the obligation to buy or sell at a certain price; with options contracts, the holder the
right to buy or sell at a certain price. Futures and forwards lock in a price for a
future transaction and so are linear contracts: if a firm gains a dollar when the
underlying asset moves in one direction by 10%, then it loses a dollar when that
asset moves in the opposite direction by 10%. In contrast, options are nonlinear in
that they allow the company to put a floor on its losses without having to give up
the potential for gains. Because options can be viewed as insurance that limits
downside risk without limiting upside potential, they can provide the flexibility to
increase investment in good times. Finally, a swap is an agreement to exchange
cash flows at certain future times according to certain stipulated rules (Gamba and
Triantis 2014).

2.4 Link Between Corporate Investment and Financial
Risk Management

Companies frequently face uncertainties due to such financial market variables as
commodity prices, interest rates, and exchange rates. Globalization has naturally
increased the risk exposure of international firms. In 2011, for example, the BMW
Group sold only 17% (by volume) of its vehicles in Germany; emerging economies
such as India, China, Russia, and Eastern Europe are now fast-growing markets. In
spite of booming sales, BMW estimated that its exposure to exchange rate risk cost
the firm some €2.4 billion during 2005–2009. In order to mitigate such currency
risk, BMW employs two strategies. The first, “natural hedging” involves the
company spending money in the markets where sales occur; this ensures that
expenses and revenue are denominated in the same currency. The second strategy is
financial hedging via currency derivatives, which are managed by regional treasury
centers in the United States, the United Kingdom, and Singapore (Xu and Liu
2012).

Fig. 2.4 Payoffs from call option (left panel) and put option (right panel)
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According to some historians, the concept of risk management can be traced
back to ancient gaming. The Old Testament relates the story of an Egyptian pharaoh
who dreamed that seven healthy cattle were devoured by seven sickly cattle and that
seven healthy ears of corn were devoured by seven sickly ears of corn. Joseph
interpreted this dream as foretelling seven years of plenty to be followed by seven
years of famine. The pharaoh hedged this risk by purchasing and storing large
quantities of corn, which allowed Egypt to prosper even during the famine (Froot
et al. 1994). More than two millenia ago, people played games with dice and bones.
The evolution of gaming led to probability theory (as documented by Dante and
Galileo), which is the basis of risk management. In the 17th century, Pascal and
Fermat wrote about games of chance; their work is believed to have sparked
modern probability theory.

In modern finance theory, risk is typically defined as “the possibility that actual
outcomes deviate from expected ones”. There are several incentives for firms to
adopt risk management: (i) variability of cash flow and investment; (ii) imperfec-
tions in capital markets and underinvestment, in response to which firms can
employ financial hedging to increase profits by reducing the risk of underinvesting
in value-enhancing activities; (iii) costs of financial distress and bankruptcy;
(iv) demands that higher payments be paid to corporate shareholders; and (v) tax
benefits. We present the following examples (adapted from Froot et al. 1994) to
illustrate how financial hedging can be used with regard to incentives (i) and (ii).

Example 2.1 Consider “McDermott”, a multinational seller of personal care
products. The firm’s headquarters, research and development (R&D) department,
and production plants are located in the eurozone but half of its sales revenue is
from North America and Asia; as a result, the firm is exposed to exchange rate
fluctuations. If exchange rates remain at their current level, then McDermott’s cash
flow is expected to be a million euros. When the euro depreciates significantly,
revenue from non-eurozone sales yield more euros; more specifically, the firm’s
cash flow will increase to aþ 2b million euros. Conversely, if the euro appreciates
significantly then its cash flow declines to a� 2b million euros. We assume it is
equally probable that the exchange rate will rise, fall, or stay the same.

The payoffs from McDermott’s R&D programs are shown in Table 2.4. If
McDermott invests a million in R&D, then a net present value (NPV) of 3c million
can be generated. If the R&D budget is set at either a� 2b million or aþ 2b
million, then the resulting NPV will be 2c million. It follows that McDermott’s
optimal level of R&D investment is a million.

Table 2.4 McDermott’s cash
flows and R&D investment
(millions of euros)

R&D
investment

Net present
value

Discounted cash
flow

a + 2b 2c a + 2b + 2c

a 3c a + 3c

a − 2b 2c a − 2b + 2c
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In the absence of financial hedging, McDermott will invest a million in R&D
when the euro is stable or depreciates but can invest only a� 2b million when the
euro appreciates. If financial markets are efficient and arbitrage-free, then hedging
contracts are fairly priced; it is therefore impossible to outperform the market
systematically by earning a positive expected return (cf. Chowdhry and Howe
1999; Hommel 2003). In other words, financial hedging is arbitrage-free and so the
expected profit from hedging is zero. When the euro appreciates (resp. depreciates),
McDermott gains (resp. loses) 2b million euros from financial hedging. Yet hedging
results in a stable cash flow of a million, in which case McDermott can invest the
optimal amount in R&D and thereby achieve an NPV of 3c million euros in all
three scenarios. The value increment from financial hedging stems from the sce-
nario in which the euro appreciates, because in that case the additional investment
in R&D increases McDermott’s NPV from 2c million to 3c million euros. Hence,
the company is better-off by hedging, and the expected profit from financial
hedging amounts to 1

3 ð3c� 2cÞ ¼ 1
3 c million euros. Table 2.5 summarizes the

value of financial hedging for McDermott.
In this example, financial hedging aims to align the supply of funds with their

demand. McDermott’s cash flow supply fluctuates with the exchange rate, but its
the demand for funds—that is, the optimal investment in R&D—is constant.
Financial hedging transfers monetary flow from voluntary to binding positions in
various scenarios; thus it reduces the variance of cash flow and thereby enables the
optimal level of investment. Although the financial hedging is arbitrage-free, it may
create value via investments in value-enhancing projects (cf. Smith and Stulz 1985).

Example 2.2 Now suppose that, with all other factors held equal, McDermott
considers investing in a new plant in China. In this example, the exchange rate’s
variability affects not only McDermott’s cash flows but also the value of its new
plant investment. If the exchange rate remains at its current level then the cash flow
of McDermott is expected to be a million euros, which is its optimal level of
investment. If the euro depreciates significantly then that cash flow will increase to
aþ 2b million euros (because foreign sales revenue then translates into more euros)
and the optimal investment will increase to aþ b million euros (because a new plant
in China will cost more in euros). If the euro instead appreciates significantly, then
McDermott’s cash flow will fall to a� 2b million euros and its optimal investment
to a� b million euros. As before, the scenarios of depreciation, appreciation, and
stability are assumed to be equally probable. In order to match the supply and

Table 2.5 Value of financial hedging for McDermott (millions of euros)

Operating
cash flows

R&D level w/o
financial hedging

Cash flows from
financial hedging

Increment in
R&D
investment

Value of
financial
hedging

a + 2b a −2b 0 −2b

a a 0 0 0

a − 2b a − 2b 2b 2b 2b + c
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demand of funds, McDermott employs arbitrage-free financial hedging. When the
euro appreciates (resp. depreciates), the company gains (resp. loses) b million from
hedging. Here McDermott need not hedge to the same extent as in the previous
example because the firm has a built-in hedge with respect to foreign investment.
Figure 2.5 reveals that the optimal hedge for McDermott in Example 2.2 is half of
its counterpart in Example 2.1. The reason is that there is less of a mismatch
between the supply and demand of funds when both cash flow and the investment
opportunity fluctuate with the exchange rate.

Which is the more important goal of financial hedging: to reduce cash flow
volatility or to secure an investment opportunity? In Example 2.2, if McDermott
reduced its cash flow variance to zero then it would, in effect, adopt the same
financial hedging strategy as in Example 2.1. However, it would then lose its
assurance that it could invest the optimal amount. Thus McDermott would be b
million euros short of the optimal investment amount if the euro depreciated or have
b million euros more than its optimal investment level if the euro appreciated. So
here, a full hedge fails to guarantee that real investment will be value-enhancing. It
follows that the aim of financial hedging should be to match the supply and demand
of monetary flows.

Example 2.3a Two US automotive manufacturers, Alpha and Beta, source from
China and Canada (respectively) for their components. The unit purchase price is
higher in Canada than in China. Supply contracts are written in the local currencies
but selling prices are denominated in US dollars. In this example, which firm is
more in need of a financial hedge against currency rates? If the US dollar depre-
ciates while the Canadian dollar and the Chinese yuan rates remain stable, then both
sourcing prices rise in terms of the US dollar. In this scenario, the unit purchase
price of components from Canada (but not from China) will exceed the market price

Fig. 2.5 Comparative magnitude of McDermott’s hedging in Examples 2.1 and 2.2
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in US dollars. Then Beta must either cease its sales or bear losses from continued
operation—an indication that its cash flow is relatively more sensitive to exchange
rate fluctuations. Therefore, financial hedging is more valuable to Beta than
to Alpha.

Example 2.3b Suppose now that Alpha and Beta are contemplating investments of
new plants in China and Canada, respectively. Both companies are in the same
respective cash flow situations as in Example 2.3a. Which firm should hedge more?
If the US dollar depreciates while the Canadian dollar and the Chinese yuan remain
stable, then the investment opportunities of both firms become more expensive in
terms of the US dollar. Hence it may no longer be profitable to invest in Canada
(since it is more expensive) even as it may still be profitable to invest in China.
The US dollar’s depreciation has the same effect on both firms’ cash flows, yet
Beta’s investment opportunity would be less profitable than that of Alpha’s. Thus,
for Beta, the demand for funds is more aligned with their supply (i.e., there is a
built-in hedge); this means that Alpha needs to hedge more than does Beta.

Comparing Examples 2.3a and 2.3b, we can see that firms operating in the same
industry should not necessarily employ the same financial hedging strategy. In any
case, the goal of risk management is to align the firm’s cash flow supply with its
demand for real investment.

Example 2.3c In this example, both Alpha and Beta are considering investments of
new plants in China; all other factors in Example 2.3b remain unchanged. Suppose
Beta does not adopt a financial hedge against the exchange rate; in this case, should
Alpha adopt financial hedging? If Beta does not hedge, then it might be short of
Chinese yuan if the US dollar depreciates. Those circumstances would reduce the
likelihood of Beta investing in China, which in turn would reduce the likelihood of
industry overcapacity. Hence the investment opportunity in China becomes more
profitable for Alpha. We conclude that Alpha should hedge when Beta does not.

Example 2.3c shows that a firm should closely monitor the financial hedging
strategy of its competitor(s), examine the effect of such strategy on its own
investment opportunities, and then adjust its hedging strategy accordingly.

In sum: Managers can identify a firm’s optimal financial hedging strategy by
answering three questions, as follow. How volatile is the firm’s cash flow with
respect to such market variables as exchange rates, commodity prices, and interest
rates? How sensitive is the optimal investment level to those financial variables?
Which financial hedging strategy best matches the firm’s cash flow with its optimal
investment level?

Recall from the text preceding Example 2.1 that there are five incentives for
adopting risk management practice. We now address the third, fourth, and fifth of
those incentives in turn.

(iii) Financial hedging reduces the variance of the firm’s cash flow; that, in turn,
can eliminate the possibility of default. Figure 2.6 illustrates the effect of
financial risk management on firm value in the presence of bankruptcy costs.
The distribution of firm value V before bankruptcy without hedging is
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marked by the dashed curve, while the distribution of firm value with
financial hedging has a narrower span and so does not include any default
states. Thus financial hedging increases firm value by eliminating the
bankruptcy cost B. By reducing the costly lower-tail outcomes (Stulz 1996),
the value increment from financial risk management can be calculated as the
bankruptcy costs multiplied by the probability of bankruptcy. Suppose, for
instance, that the current firm value is V = $500 million; if the proportional
bankruptcy cost is 20% of firm value (i.e., B = 0.2 � V) and if the bankruptcy
probability is P = 10%, then the value offinancial hedging (FH) due to its ruling
out bankruptcy is V [FH] = B � P = $500 million � 20% � 10% = $10
million—or 2% of firm value. Hence, the value from financial hedging increases
with the probability of bankruptcy (e.g., when operating cash flow declines).

(iv) A firm’s shareholders or owner-managers may require a certain rate of return
that reflects extant systematic and nonsystematic risks. Financial hedging can
create value by reducing owners’ risks and hence the required rates of return.
Besides investors, other stakeholders of the firm—including managers,
employees, customers, and suppliers—may require higher compensation to
the extent that firm-specific value is exposed to higher risk. As a result,
financial hedging can add value by reducing risk exposure and thereby
enabling higher payments.

(v) The potential tax benefits from financial hedging reflect the reduced vari-
ability of income and the convexity of most tax codes. Higher reported
income is typically taxed at a higher rate, whereas losses can lead to lower
rates or even tax rebates. Given the convexity of tax codes, financial hedging
can tailor the firm’s taxable income so that it lies within the interval in which
tax rates are relatively low. Hence lower variability of pre-tax income, which
follows from successful financial risk management, can lead to optimal
corporate tax deductions. Equivalently, when a firm’s after-tax profit is
concave with respect to its pre-tax earnings, then it should hedge if a reduced
variability in pre-tax earnings leads to tax reduction benefits that exceed the
cost of financial hedging (Smith and Stulz 1985).

Fig. 2.6 Risk management, bankruptcy costs, and firm value
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Chapter 3
Supply Chain Risk Management

In this chapter, we introduce concepts and techniques of operational hedging in
SCRM (supply chain risk management) that are used to match the supply with
demand of material flows. First, we present a conceptual framework of supply chain
risk management, after which we propose a classification of operational hedging
based on our description of each operational strategy. We then examine represen-
tative analytical models of SCRM and give numerical examples. Finally, we discuss
the empirical research on SCRM and provide some illustrative mini-cases.

3.1 Conceptual Framework of SCRM

In order to establish a framework for supply chain risk management, we begin with
the concepts of risk and uncertainty. Risk is “an undesirable possible consequence
of uncertainty” (van Mieghem 2012). In economics, risk refers to “situations in
which we can list all possible outcomes and we know the likelihood that each
outcome occurs” (Pindyck and Rubinfeld 1989). This latter definition implies that
any uncertainty in outcomes, whether or not it is favorable, constitutes a risk; thus
that definition covers both upside potential and downside risk. A key distinction
from the common interpretation of risk is the absence of “danger” or of an “adverse
event”. Risk is a combination of three factors: the probability that an event or
outcome will occur, the consequences of that event, and exposure or a causal
pathway leading to the event. Risk results from uncertainty, which can be about
physical, social, political, economic, cultural, environmental, or psychological
events. The relationship between sources of uncertainty and risks faced by an
organization can be viewed as a funnel model. Sources of uncertainty encountered
by an organization can trigger two major risks that affect corporate performance—
namely, operational risks and financial risks.

Supply chain risk has been defined as “the potential occurrence of an incident or
failure to seize opportunities with inbound supply in which its outcomes result in a
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financial loss for the [purchasing] firm” (Zsidisin 2005), and supply chain
management refers to “the management of upstream and downstream relationships
with suppliers and customers in order to deliver superior customer value at less cost
to the supply chain as a whole” (Christopher 1992). These two definitions are
synchronized in the definition of supply chain risk management as “the manage-
ment of supply chain risks through coordination or collaboration among the supply
chain partners so as to ensure profitability and continuity” (Tang 2006).

Risk analysis is a term used to describe estimating the probability and conse-
quences of uncertain events as well as an entity’s exposure to risk. A risk matrix
(see Fig. 3.1) measures sources of uncertainty in terms of their frequency (likeli-
hood) and impact (effects). Timing analysis focuses on the time axis of risk; the
effects of exposure to risk of a given magnitude may exhibit considerable variance
as a function of time—for example, depending on whether a firm is at the entre-
preneurial stage or at a more established stage. Vulnerability analysis characterizes
the susceptibility of an organization to the adverse effects of risk. Quantitative risk
analysis may involve risk matrices, timing analysis, and vulnerability analysis, the
combination of which enables further evaluation of distinct risk “cells” (i.e., the
distinctly demarcated areas of a risk matrix).

Risk evaluation includes the measurement and prioritization of risk cells based
on risk analysis. In risk measurement, one compares the analyzed risk levels with
risk criteria; the result of such measurement is an indication of which risks are
entirely acceptable (the white cells in Fig. 3.1), can be tolerated (light gray cells),
merit sustained attention (medium gray), or require immediate response (dark gray).
Risk perception is the subjective cognitive activity of estimating the extent of risk

Fig. 3.1 Predictive risk matrix
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based on interpretations of objective phenomena. Perceived risk levels can shape
the risk attitudes in decision making, where the notion of “risk attitude” quantifies
the extent to which decision makers are willing to adopt a course of action whose
outcomes are not guaranteed (Roszkowski and Davey 2010). Risk prioritization is
based on the characteristics of risk matrix cells—as determined by the risk mea-
surement previously described—and indicates the areas on which risk management
should focus (and in what order).

Figure 3.2 summarizes our proposed framework for supply chain risk manage-
ment. In this framework, operational flexibility strategies are classified along the
dimensions of space and time. Strategies that adjust the quality, quantity, reliability,
design, or location of activities in a product’s life cycle are instances of supply
flexibility, processing flexibility, or demand flexibility, whose combination yields
network flexibility—along the figure’s horizontal (space) axis. The advancement or
deferment of such flexibility is captured by timing flexibility, represented by the
figure’s vertical (time) axis. In addition to the five categories illustrated in Fig. 3.2,
the synchronization among the operational strategies determines what we refer to as
“flexibility mix” (the last category listed by Table 3.1 in Sect. 3.2).

Fig. 3.2 Framework for supply chain risk management
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3.2 Categorization of Operational Hedging

In this section we adopt a process view while elaborating on the operational
hedging strategies pertinent to our six categories of flexibility; see Table 3.1 for an
overview.

(1) Supply flexibility typically focuses on the decisions associated with supply
quantity, timing, and reliability. Multisourcing refers to purchasing a given
component from various suppliers—in contrast to single sourcing, under which
just one supplier is used. Multisourcing diversifies risk within the supply base
and may reduce prices by introducing supplier price competition. It also gives
firms the flexibility to switch among suppliers and thereby lessens its depen-
dence on any one supplier; hence the supplier relationship becomes more
transactional in nature. That said, single sourcing could yield a cost advantage
in that a sole supplier could reduce its production cost via the economies of
scale enabled by a larger order quantity.

Single sourcing can also lower transaction costs. Furthermore, a buyer may have
relatively greater access to a single supplier’s know-how, which would enable faster
development of new products in this more cooperative supplier relationship.
A comparison of the advantages associated with single sourcing versus multi-
sourcing is presented in Fig. 3.3.

Contingent supply is defined as the reservation and execution of volume flexi-
bility, with an existing supplier, that enables temporarily increased sourcing
quantities in case of future supply disruption or shortage. In 2000, for example, the
semiconductor supply of Philips was disrupted owing to fire at a production plant
that resulted in a shortage of cell-phone chips for both Nokia and Ericsson. Nokia
was able to reroute output from the Philips Eindhoven plant and also secured
increased production from alternative suppliers. Yet Ericsson’s single-sourcing
approach left it without a “plan B”; as a result, it incurred a loss of at least $400
million (Latour 2001; Tomlin 2006). Backup supply is the sourcing of a product
from alternative capacity or suppliers to mitigate the effects of any supply dis-
ruption. Supplier improvement refers to the investment of funds and effort toward
the end of improving the reliability of a supplier’s production process (Sting and
Huchzermeier 2010). The inventory mitigation strategy involves holding inventory
(to fulfill demand as needed) as a means of managing supply uncertainty (Tomlin
2006).

(2) Processing flexibility allows for adjustment of the location, quantity, type, and
design of products to match the supply of and demand for material flows. This
category includes production flexibility (also referred to as production hedging),
which shifts manufacturing quantities of a given product between plants located
in different currency zones as a way to reduce exchange rate risk (Kazaz et al.
2005). In contrast, product flexibility refers to the production of multiple
products at a single site (van Mieghem 2007). Modularization references
product design that enables a final product’s assembly based on standardized
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components (Ernst and Kamrad 2000), and launch flexibility consists of the
freedom to launch new products and to extend current product lines with new
varieties (Vickery et al. 1999).

(3) Demand flexibility alters the timing, location, and type of demand for a product
or service as well as strategic market choices. Demand shifting transfers cus-
tomer demand across time, markets, and products. For instance, the advance
purchase discounts offered by airlines enable customers to receive price dis-
counts for early commitment and payment. On the one hand, customers can
enjoy a price advantage by pre-booking and purchase; on the other hand, the
airline benefits because pre-commitment by customers reduces its demand
uncertainty. Firms can also adopt “responsive pricing” to shift the demand for
one product to a substitute product (Chod and Rudi 2005). Another example of
demand shifting is that of firms that produce “style goods”. Thus a manufac-
turer of ski wear operates in two markets with selling seasons that do not
overlap: the winter season runs from December to February in Europe and
North America but from June to August in Oceania. The firm can adopt either a
centralized production strategy, which has lower costs due to economies of
scale, or a decentralized production strategy that is somewhat more expensive.
However, the firm could also use transfer pricing to exploit the two markets’
difference in selling seasons; as shown in Fig. 3.4, that strategy could offset the
disadvantage of decentralized production (Kouvelis and Gutierrez 1997).

Allocation options refer to the distribution of products to specific markets in
response to the realization of previously uncertain outcomes—for example, demand

Fig. 3.3 Single sourcing versus multisourcing. Adapted from Blome and Henke (2009)
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and the exchange rate (Ding et al. 2007). After-sales services are customer support
and maintenance services that are offered subsequent to product purchase (Kim
et al. 2007). Entry/exit options are the strategies of exploring new markets, holding
back products, halting production, or exiting a market in order to mitigate demand
risk and price risk.

(4) Network flexibility combines the three previous categories of operational
hedging in a network structure. On the one hand, supply chain network options
provide operational flexibility by altering production capacity and supply as
well as processing and distribution linkages in a single-product setting; see
Fig. 3.5. On the other hand, network configuration adjusts production networks
that involve various supply, processing, and storage points in a multiple-
product setting (Tomlin and Wang 2005; van Mieghem 2007).

Coordination options are mechanisms that align the incentives of supply chain
members via contracting or information sharing. Various types of supply contracts
are designed to coordinate a decentralized supply chain so that the performance
benchmark of a centralized supply chain’s profit can be more nearly achieved. One
example is that of a wholesale price contract; here the unit price is fixed, the buyer
retains the revenue, and any excess stock can be salvaged at a pre-specified price.
A buy-back contract is a return policy under which the manufacturer “buys back”,
at a unit rate, an agreed-upon portion of the retailer’s excess inventory. With an
options contract, the buyer pays a reservation price up-front and executes the supply
option by paying a per-unit execution fee. The only difference between an options
contract and a buy-back contract with unlimited return is that the latter involves a
two-way transportation process between supplier and buyer. Revenue-sharing

Fig. 3.4 Centralized production, decentralized production, and transfer pricing. Adapted from
Kouvelis and Gutierrez (1997)
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contracts allow the retailer to benefit from a lower up-front wholesale price,
although the retailer must remit to the manufacturer for each rental unit.
Quantity-based contracts that feature a minimum order quantity enable buyers to
adjust their orders (within a certain range) when necessary. Readers are referred to
Cachon (2003) for an excellent review of supply chain contract analysis. Another
coordination option is information sharing, which can minimize the “bullwhip
effect” (i.e., demand variability increases from customers towards upstream supply)
and thus optimize supply chain profit (Chen 2003). Integration options aim to
synchronize information, material, and financial flows in a supply chain network
through mergers and acquisitions (Nagurney 2009) or investment in information
technology (IT) resources (Rai et al. 2006). The network flexibility enabled by
reverse logistics involves the design, execution, and monitoring of a closed-loop
supply chain over a product’s life cycle—including the recovery of value from
returns (Guide and Van Wassenhove 2009).

(5) Timing flexibility focuses on the time dimension of supply chain processes.
Advance flexibility is defined as the strategic advancement of operational
decisions for the purpose of matching product supply with demand. For
instance, quick response enables fashion goods retailers to shorten lead times so

Fig. 3.5 Supply chain network options. Adapted from Huchzermeier and Cohen (1996)
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that a greater portion of production can be marketed in response to customer
demand (Fisher and Raman 1996). Options contracts allow for the ex ante
reservation and ex post execution of excess capacity (Donohue 2000). Besides,
sourcing commodity products from both forward and spot markets gives firms
the operational flexibility by differentiating the timing of quantity decisions
(Kouvelis et al. 2013). Postponement flexibility amounts to the deferring of
capacity investment, production quantity, and/or pricing decisions until after
the realization of uncertainty (van Mieghem and Dada 1999). The firm can even
alter a product’s design to enable the postponement of differentiation—that is,
the timing of when generic products are customized for specific markets (Lee
1996). For example, Hewlett-Packard (HP) redesigned its DeskJet printers by
delaying the point of product differentiation. Hence HP now manufactures and
ships generic printers to distribution centers in different regions, and those
generic printers are then customized for the country-specific markets served by
each center. Thus generic printers are produced (by HP) according to a
make-to-stock system whereas the country-specific printers are customized in a
make-to-order manner. This postponement strategy allows HP to respond
quickly and effectively to changes in demand (Lee and Tang 1997).

(6) Flexibility mix is a mechanism for synchronizing the five previously discussed
flexibilities. Inter-category mix combines flexibilities across different cate-
gories. In this way, four different supply chain structures can be identified
depending on the extent to which postponement flexibility and modularization
are adopted (Ernst and Kamrad 2000); see Fig. 3.6. Intra-category mix com-
bines flexibilities within a given category. For instance, the strategies of mul-
tisourcing, contingent supply, and inventory mitigation can be integrated to
mitigate the risk of supply disruptions (Tomlin 2006).

3.3 Decentralized Supply Risk Management

When a supply chain is centralized, the incentives of business units are well aligned
to optimize value for the integrated firm. In practice, however, most supply chains
consist of various profit-maximizing entities in a decentralized setting. Hence the
misalignment of incentives among supply chain partners could lead to horizontal
competition among suppliers and buyers as well as to vertical competition and
information asymmetry between supplier and buyer. In the context of dual sourcing,
supplier competition and diversification benefits may interact with each other in
various ways. In order to illustrate these interaction effects, we next present a series
of examples adapted from Aydin et al. (2012).

Example 3.1 Consider a supply chain consisting of one buyer and two potential
suppliers. The buyer serves market demand of d units, and the product’s unit price
is r. The unit production cost is c1 for supplier 1 and c2 for supplier 2, where
c1\c2. The two suppliers are located in different markets and so do not engage in
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price competition with each other. The probability of disruption is a for either
supplier. In the event of disruption, the total order quantity will be unfulfilled;
otherwise, the entire order quantity is served (this is known as the “all-or-nothing”
case). The buyer has enough market power to set the wholesale prices w1 and w2 of
(respectively) suppliers 1 and 2. Payment is required up-front. The reservation profit
of each supplier is zero—that is, the suppliers will accept any wholesale price that
does not exceed their respective production costs. In this example, it is optimal for
the profit-maximizing buyer to set a wholesale price equal to the suppliers’
respective production costs: w1 ¼ c1 and w2 ¼ c2.

Example 3.1a Here we assume a perfect and positive correlation between supplier
disruptions; that is, the correlation q of supplier disruption is equal to 1. Thus the two
suppliers’ production lines are either both up or both down. It follows that the buyer
does not benefit from placing orders with both suppliers—in other words, there is no
value in diversification because disruptions are perfectly correlated. In this example,
the buyer will choose the supplier that accepts a lower wholesale price; thus the
buyer prefers to source from supplier 1, which has a lower production cost. The
buyer’s expected profit from placing an order quantity of q1 with supplier 1 is

Fig. 3.6 Flexibility mix of modularization and postponement. Adapted from Ernst and Kamrad
(2000)
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p1ab ¼ 1� að Þrminfd; q1gþ arminfd; 0g � c1q1:

So the optimal order quantities placed with these two suppliers are q1 ¼ d and
q2 ¼ 0, and the buyer’s optimal expected profit can be written as
p1a�b ¼ ½ 1� að Þr � c1�d.
Example 3.1b In contrast, now assume that supplier disruptions are entirely inde-
pendent: the disruption correlation q ¼ 0. Hence the likelihood of both suppliers’
production lines being down is a2, the likelihood that one supplier is down and the
other up is að1� aÞ, and the likelihood of both suppliers being up is ð1� aÞ2. Then
the buyer’s expected profit when placing respective order quantities q1 and q2 to
suppliers 1 and 2 is

p1bb ¼ 1� að Þ2r minfd; q1 þ q2gþ a 1� að Þrminfd; q1g
þ a 1� að Þrminfd; q2gþ a2rminfd; 0g � c1q1 � c2q2:

In this case, if the buyer places order quantities of q1 ¼ d and q2 ¼ 0 then its
expected profit is p1bb ¼ ½ 1� að Þr � c1�d, or the same as in the optimal case of
Example 3.1a. Since supplier disruptions are independent, it could be beneficial for
the buyer to diversify. So if the buyer orders d units from each supplier
(q1 ¼ q2 ¼ d), then its expected profit is

p1bb ¼ 1� að Þ2rmin d; 2df gþ 2a 1� að Þrmin d; df g
þ a2r �min d; 0f g � c1d � c2d

¼ 1� að Þ2rþ 2a 1� að Þr � c1 � c2
h i

d ¼ ½ 1� a2
� �

r � c1 � c2�d:

The value increment to the buyer’s expected profit is D ¼ p1bb � p1a�b ¼
1� a2ð Þr � c1 � c2½ �d � 1� að Þr � c1½ �d ¼ a 1� að Þr � c2d. Therefore, the buyer

is better-off as long as the revenue increment exceeds the additional cost of dual
sourcing; that is, if a 1� að Þr[ c2d. This value increment captures the diversifi-
cation benefit of dual sourcing relative to the optimal profit when sourcing only
from supplier 1.

In sum, if supplier disruptions are not perfectly correlated then the buyer should
adopt multisourcing (here, dual sourcing) instead of single sourcing in order to
benefit from diversification. We remark that risk management and diversification
can be valuable irrespective of assumptions made with regard to risk aversion.
When the objective function of maximization (resp. minimization) is concave
(resp. convex), the benefit of diversification will be evident (Froot et al. 1993). The
value of diversification decreases with an increase in q, the correlation of supplier
disruptions. In analogy to the diversification benefit in financial portfolio man-
agement, there is no benefit from operational diversification when supplier dis-
ruptions are perfectly positively correlated.
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Example 3.2 We now assume, ceteris paribus, that the suppliers operate in one
market and therefore compete with each other when setting prices.

Example 3.2a If supplier disruptions are perfectly positively correlated (i.e., if
q ¼ 1), then both suppliers’ production lines are either up or down simultaneously.
Hence, because there is then zero diversification benefit, the buyer chooses single
sourcing from the supplier bidding the lower wholesale price. In Bertrand com-
petition, suppliers compete for the buyer’s total order quantity by bidding lower
wholesale prices. In this setting, supplier 1 will win the bid at a wholesale price just
below c2—that is, at w1 ¼ limD!0ðc2 � DÞ for D[ 0. Supplier 2 cannot match this
wholesale price because it is not profitable (owing to 2’s higher unit production cost
c). The buyer’s expected profit from ordering quantity q1 from supplier 1 is

p2ab ¼ 1� að Þrminfd; q1gþ arminfd; 0g � w1q1:

The optimal order quantities to each supplier are thus q1 ¼ d and q2 ¼ 0, and the
buyer’s optimal expected profit p2a�b ¼ limD!0½ 1� að Þr � c2 þD�d. In comparison
with Example 3.1a, the buyer’s profit decreases by p1a�b � p2a�b ¼
limD!0 c2 � c1 � Dð Þ[ 0. This decline in the buyer’s expected profit is due to the
Bertrand competition, whereby supplier 1 has an inflated wholesale price.

Example 3.2b If supplier disruptions are uncorrelated (i.e., if q ¼ 0), then the
buyer’s optimal order quantities depend on the suppliers’ wholesale prices. Here the
buyer is indifferent between dual sourcing and single sourcing when both suppliers
bid wholesale prices at w1 ¼ w2 ¼ rað1� aÞ. Hence the equilibrium wholesale
price in this Bertrand competition is w1 ¼ w2 ¼ rað1� aÞ, which indicates the
value of a supplier that is up while its rival is down (see Fig. 3.7). The intuition
underlying this equilibrium wholesale price is as follows. On the one hand, the
buyer will not source from any supplier that bids a price higher than rað1� aÞ, or
ra 1� að ÞþD for D[ 0. On the other hand, if one supplier bids a price lower than
rað1� aÞ, or ra 1� að Þ � D for D[ 0, then the supplier will receive the same
order quantity but will earn D less in expected profit. Thus neither supplier has an
incentive to deviate from the equilibrium wholesale price.

Given this equilibrium wholesale price, supplier 1’s expected profit is
p2bs1 ¼ ½ra 1� að Þ � c1�q1, supplier 2’s expected profit is p2bs2 ¼ ½ra 1� að Þ � c2�q2,
and the buyer’s expected profit with respective order quantities q1 and q2 to sup-
pliers 1 and 2 is

p2bb ¼ 1� að Þ2rminfd; q1 þ q2gþ a 1� að Þrminfd; q1g
þ a 1� að Þrminfd; q2gþ a2rminfd; 0g � ra 1� að Þ q1 þ q2ð Þ:
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In order to diversify its supply base, the buyer orders d units from each supplier
(q1 ¼ q2 ¼ d); then its expected profit is p2bb ¼ 1� að Þ2rd. The value change in the
buyer’s expected profit is D ¼ p2bb � p2a�b D ¼ p2bb � p2a�b ¼ 1� að Þ2rd�
limD!0 1� að Þr � c2 þD½ �d, which establishes that the value of diversification
depends on how the buyer’s expected profits when dual sourcing compare with its
expected profits when sourcing only from supplier 1.

To illustrate these examples numerically, we set the values of parameters in
Examples 3.1 and 3.2 to c1 ¼ 60, c2 ¼ 63, p ¼ 300, a ¼ 0:4, and d ¼ 10. Then the
buyer’s expected profits are p1a�b ¼ 1200, p1bb ¼ 1290, p2a�b ¼ 1170, and
p2bb ¼ 1080.

These outcomes are summarized in Table 3.2. From Example 3.1a to 3.1b, when
the correlation of supplier disruption decreases from 1 to 0, the benefit of supplier
diversification increases by 90 (i.e., in the absence of supplier price competition).
However, when we move from Example 3.2a to 3.2b, the diversification benefit is
(more than) offset by supplier price competition and so the buyer’s expected profit
decreases by 90. This result shows that supplier diversification and price compe-
tition can have the opposite effects. In Example 3.2, the presence of price com-
petition increases the supplier’s wholesale price from the production cost to
rað1� aÞ—a price inflation effect that dominates the diversification benefit. In
short: the value of diversification observed in traditional financial portfolio

Fig. 3.7 Equilibrium
wholesale prices in Bertrand
competition

Table 3.2 Interaction
between supplier competition
and disruption correlation

Example Correlation Competition Expected profit

3.1a ✓ 1200

3.1b 1290

3.2a ✓ ✓ 1170

3.2b ✓ 1080
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optimization applies in Example 3.1 but is reversed, because of supplier price
competition, in Example 3.2.

Example 3.3 Consider a supply chain consisting of one buyer and two suppliers.
The two suppliers compete in a total-cost, reverse-English auction to win the
buyer’s order. The suppliers’ unit production costs, c1 and c2, are not known to
the buyer, but it does know the respective unit transportation costs t1 and t2. In the
total-cost reverse-English auction, the suppliers bid their wholesale prices w1 and
w2 in turn; then the buyer compares the total unit costs (i.e., after accounting for
transportation costs). The total costs are visible to both suppliers. If no supplier is
willing to bid a lower wholesale price, then the bidder of the lower total cost wins
the buyer’s ordering contract.

Example 3.3a We now assume that the buyer is based in Germany and that both
suppliers are from China; in this case, the unit transportation costs for both suppliers
are the same (t1 ¼ t2). As in our previous examples, the unit production cost of
supplier 1 is lower than that of supplier 2: c1\c2: Therefore, supplier 1 will win the
bid at a wholesale price just below the production cost of supplier 2; that is, at
w1 ¼ limD!0ðc2 � DÞ for D[ 0. The total cost for the buyer is then
TC3a

b ¼ w1 þ t1 ¼ limD!0ðc2 � DÞþ t2.

Example 3.3b In order to diversify its supplier base and reduce transportation costs,
the German buyer now runs the total-cost reverse-English auction with suppliers
located in different countries: supplier 1 is from Eastern Europe and supplier 2 is
from China. In this case, the transportation cost for supplier 1 is lower than that for
supplier 2 (t1\t2). Since supplier 1’s production cost is lower than supplier 2’s
(c1\c2), it follows that the total cost of sourcing from supplier 1 is lower than that
from supplier 2; that is, TC1 ¼ w1 þ t1\TC2 ¼ w2 þ t2. In the total-cost
reverse-English auction, supplier 1 will win by bidding a wholesale price that
leads to a total cost just below the lowest total cost that supplier 2 could offer—
namely, w1 ¼ limD!0ðc2 þ t2 � DÞ � t1 for D[ 0. Hence the buyer’s total unit cost
is TC3b

b ¼ w1 þ t1 ¼ limD!0ðc2 þ t2 � DÞ.
In comparison with Example 3.3a, the buyer’s total cost remains the same in

spite of the diversified supplier base. Although the transportation cost is reduced by
replacing a Chinese supplier with an Eastern Europe supplier, the resulting cost
advantage is offset by the price competition in the total-cost reverse-English auc-
tion, in which supplier 1 can inflate its wholesale price provided that the unit total
cost remains lower than that of supplier 2. Similarly to Example 3.2, the firm’s
benefit from diversifying its suppliers is offset by the price competition between
them. So whenever one supplier has a higher transportation cost, the other can raise
the wholesale price to enjoy a “windfall” benefit—to the buyer’s detriment.

Examples 3.1–3.3 establish that supplier diversification and price competition
can work against each other in the buyer’s profit optimization. This outcome raises
an interesting question: Is there some way for a buyer to reap not only the benefit of
supplier diversification but also a price advantage due to supplier competition? The
answer is Yes—at least for buyers that establish a four-supplier base that consists of
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two suppliers each in two geographical clusters. Within a given cluster, supplier
disruptions will exhibit a strong correlation: suppliers from one region or country
are likely to experience the same natural hazards, financial risks, and political
instability; at the same time, these suppliers compete with each other on wholesale
price. Yet because correlation of supplier disruptions in different clusters is not
strong, the buyer gains the price advantage due to Bertrand competition.
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Chapter 4
Integrated Risk Management
in Multinational Corporations

This chapter synthesizes the conceptual framework and empirical investigation of
IRM (integrated risk management). We start by comparing frameworks of IRM and
ERM (enterprise risk management). Next, we discuss risk attitudes and objective
formulations in quantitative optimization. Finally, we present various risk measures
and classify risk management strategies according to their treatment of risk.

4.1 Integrated Risk Management: Concepts
and Frameworks

The closed-loop view of operations–finance interfaces (see Sect. 1.1) results in two
concepts of risk management: the inter-organizational supply chain risk manage-
ment, discussed in Chap. 3; and the cross-functional enterprise risk management.

In this section, we elaborate our framework for integrated risk management and
compare the conceptual framework of IRM with that of ERM. Recall that we
defined integrated risk management as “the joint analysis, synthesis, and opti-
mization of operational and financial risk management across functional units in an
enterprise and across supply chain partners.” In contrast, enterprise risk manage-
ment is defined as “a process, effected by an entity’s board of directors, manage-
ment and other personnel, applied in strategy setting and across the enterprise,
designed to identify potential events that may affect the entity, and manage risk to
be within its risk appetite, to provide reasonable assurance regarding the achieve-
ment of entity objectives” (COSO 2004). A more concise definition is offered by
Chapman (2006), who describes ERM as “a systematic process, embedded in a
company’s system of internal control (spanning all business activity), to satisfy
policies effected by its board of directors, aimed at fulfilling its business objectives
and safeguarding both the shareholder’s investment and the company’s assets.”
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Integrated risk management starts with input, which includes risk management
objectives, risk data and information about the enterprise and the supply chain
environment. There are two types of objectives in risk management: strategic
objectives, which are long-term goals (set by C-level management) that accord with
corporate vision and the creation of shareholder value; and tactical objectives,
which are short-term goals (based on performance measures) that ensure the firm’s
operations and finance are on track. Tactical objectives are usually specified in
terms of such key performance indicators (KPIs) as inventory turnover, service
level, sales revenue, return on investment, and so forth. Risk data are collected to
assess exposure to risk as well as its likelihood and potential impact; such data
provide the basis for quantitative risk management. The firm’s environment is
described in terms of supply chain linkages, the competitive landscape, the com-
pany’s market share, its organizational structure, and also industry standards and
regulations. All this information is collected and updated on a continuous basis so
that the firm can detect and respond in a timely manner to changes in the sources of
uncertainty, in its environment, and in its objectives.

Risk identification involves the scanning, classification, and recording of sources
of uncertainty. These sources of uncertainty can be grouped into three levels:
contextual uncertainty, supply chain uncertainty, and firm-specific uncertainty (cf.
Miller 1992). Contextual uncertainty is driven by several factors: political insta-
bility or turmoil; uncertain government policy; macroeconomic variables, such as
inflation, interest rates, and exchange rates; social factors, including terrorism and
protest; and natural disasters. Supply chain uncertainty reflects factor market
uncertainty, product market uncertainty, and competition factors associated with
current rivals and new entrants. Firm-specific uncertainty refers to risks associated
with internal operations, environmental risks associated with the firm’s own
products, innovation risk in the R&D process, credit risk, and uncertainties about
stakeholder behavior. All these sources of uncertainty affect the firm and thereby
trigger operational and financial risks (see Table 1.1). After those operational and
financial risks are identified, three types of interdependence can be detected among
them (see Sect. 1.3). The firm can then examine ten dimensions of integration—in
categories of feasibility, trade-offs, and structure—to determine when it is optimal
to synchronize operations and finance (Sect. 1.4). That examination enables it to
select operational hedging and financial flexibility strategies as a function of the
risks that have been identified and the integration conditions that have been satisfied
(Sect. 1.5). Finally, the integrated optimization of operations and finance involves
conducting a relationship analysis (Sect. 1.6) and approach choice (Sect. 2.1).

Figure 4.1 presents a four-step “waterfall” model of integrated risk management,
a model whose components are interconnected by an iterative process of verifica-
tion and modification. This process ensures that the realization of risk management
processes are consistent with the original design and enables adjustment of the
initial plan in response to immediate feedback from the next step. Once the risk
management strategies are implemented through deployment across functional
units, the entire process is monitored and reviewed (in terms of selected perfor-
mance metrics) at various organizational levels. Continuous improvement is
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connected to risk identification by validation, or the updating of input parameters on
a regular basis. The framework of integrated risk management illustrated in Fig. 4.1
is meant to generate outcomes that include well-coordinated operations–finance
interactions leading to competitive advantages for the firm and the successful
achievement of risk management goals.

Figure 4.2 illustrates the enterprise risk management framework devised by the
Committee of Sponsoring Organizations of the Treadway Commission (COSO).
This integrated framework is visualized as a three-dimensional cube generated by
four categories of objectives (strategic, operations, reporting, and compliance), the
vertical columns; eight components of the risk management process, the horizontal
rows; and four organizational levels (from entity through subsidiary), the third
dimension (front to back). This framework focuses on the entirety, consistency, and
strategy “cascading” of a firm’s enterprise risk management. Here the risk man-
agement process includes the internal environment, objective setting, event iden-
tification, risk assessment, risk response, control activities, information and
communication, and monitoring. Each organizational unit aims to enhance value
even as it faces uncertainty. The goal of ERM is to optimize when and how much
uncertainty to accept, share, or mitigate toward the end of increasing stakeholder
value.

In Fig. 4.3 we show an alternative ERM framework proposed in Chapman
(2006). This framework views enterprise risk management as an iterative process
for risk and opportunity management that comprises four primary functions:
(i) policy formulation to create vision, mission, value, and culture; (ii) strategic
thinking to set the firm’s direction by evaluating its internal resources and external
market conditions; (iii) supervisory management to monitor and review the
implementation process; and (iv) accountability to stakeholders.

When comparing our integrated risk management framework with the general
risk management framework of ISO and the ERM frameworks of COSO and
Chapman (2006), we see that our integrated framework emphasizes evaluating the

Fig. 4.1 Framework for integrated risk management
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Fig. 4.2 ERM framework of COSO (Adapted from COSO 2004)

Fig. 4.3 Alternative ERM framework (Adapted from Chapman 2006)
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interdependence of operations and finance so that the two functions can be jointly
optimized when the integration conditions are fulfilled. In contrast, the enterprise
risk management frameworks focus on policy formulation and strategy cascading at
the corporate, business unit, functional, and subsidiary levels.

4.2 Integrated Risk Management: Objectives
and Measures

Risk is associated with sources of uncertainty and the notion of randomness, aspects
that are central to probability theory. (We assume that the readers of this book are
familiar with the basic notions of probability and statistics.) Various risk measures
and utility functions have been adopted in quantitative integrated risk management.
Two frequently used measures are the variance and the standard deviation:

Variance ¼E½�X � X�2 ¼ d2;

Std:Dev: ¼ d ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E½�X � X�2

q
:

Both of these risk measures are symmetric in that they treat upside potential and
downside risk equally. In contrast, downside risk measures capture only the
undesirable consequences of uncertainty. Three such measures (see Nawrocki
1999) are:

below-mean semivariance ¼ E½ð�X � XÞþ �2;
below-target t semivariance ¼ E½ðt � XÞþ �2;
expected below-target t risk ¼ E½t � X�þ ;

here X þ ¼ maxfX; 0g. Another popular downside risk measure is value-at-risk
(VaR), which defines the maximum loss that the focal firm could incur at a given
confidence level (e.g., 95% or 99%) over a selected period.

We use ðX;F;PÞ to denote a probability space X with filtration F and probability
measure P. A loss function L based on uncertain factors is written as L : X ! R.
Suppose that the random vector y is governed by P and is independent of the
decision variable vector x. For a given vector x, the probability that a loss function
l xð Þ does not exceed the threshold a is W x; að Þ, R

l xð Þ� a f yð Þdy: For a given

confidence level b 2 ð0; 1Þ and a fixed decision vector x, the value-at-risk is defined
as

VaRbðx; yÞ,min a 2 R�W x; að Þ� bf g:
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Suppose, for instance, that the VaR for exchange rate risk is defined by the
following parameters: 95% confidence level, 3% expected loss, and one-year time
period. In this example, if a firm invests 100 million in the foreign exchange market
then there is a 95% chance that the investment will not, over the next year, lose the
firm more than 3 million. In other words, the VaR of this portfolio at 5% (i.e., 100%
minus 95%) is 3 million for the period specified.

A closely related downside risk measure is conditional value-at-risk (CVaR),
which can be viewed as a remedy of VaR. Conditional value-at-risk is the average
of worst-case losses below the VaR threshold under certain conditions. If the
confidence level is held constant, then VaR is the lower bound for CVaR. Formally,
we have

CVaRb x; yð Þ, 1
1� b

Z

l x;yð Þ�VaRb x;yð Þ

l x; yð Þf yð Þdy:

Figure 4.4 shows the relationship between VaR and CVaR along with their
respective deviations from the expected value of a distribution.

The risk measures described here can be used to conduct a risk–return analysis
based on various formulations of the focal firm’s objectives. For this purpose, we
combine a return function with a risk measure weighted by a coefficient of risk
aversion. Thus, for example, a mean variance (MV) objective function is defined as

MV ¼ l� c
2
r2:

Fig. 4.4 Relationship between VaR and CVaR
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Here l is the expected value, and c[ 0 is the coefficient of absolute risk
aversion. As c increases, the MV objective becomes more sensitive to variance.
Mean variance preferences are at the core of modern financial portfolio manage-
ment and have inspired operations strategies for risk mitigation; the idea was first
formulated in 1952 by Nobel laureate Harry Markowitz. The MV objective has two
key benefits. First, it can be readily implemented based on measurable parameters.
Second, it yields “good recommendations” even when there is ambiguity in the
decision maker’s utility function (van Mieghem 2003).

When the payoff function is normally distributed, the mean variance objective is
equivalent to the (more accurate formulation of) expected, exponential utility:

u xð Þ ¼ 1� e�cx:

As the coefficient c of absolute risk aversion increases, the exponential utility
becomes more concave and thus more sensitive to downside deviations. This
dynamic is plotted in Fig. 4.5. We can see that, with increasing concavity of the
exponential utility, a risk-averse decision maker more strongly prefers a unit
reduction in downside risk to a unit increase in upside potential. In contrast, a risk-
neutral decision maker has a linear utility function and so is concerned only with
the expected value of actual outcomes, such as the value of profit and cost
functions.

Fig. 4.5 Concavity of the exponential utility
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4.3 Integrated Risk Management: Strategy Formulation
in Multinational Corporations

In this section, we present a strategy formulation framework for integrating oper-
ations and finance in multinational corporations (MNCs) by linking the theories of
organization economics and strategic management. Table 4.1 shows our strategic
framework for integrated operations–finance risk management, along three
dimensions, in terms of five processes and their corresponding approaches.

The three dimensions—incentives, framing, and mechanism—explore three
fundamental questions: (1) Why should MNCs adopt integrated risk management?
(2) What operational strategies and financial instruments should be employed based
on the MNC’s resources? (3) How can the integrated optimization of operations and
finance be implemented?

(1) An MNC’s integrated risk management is incentivized by the coexistence and
interdependence of operational and financial risks, as detailed in Sect. 1.3. The
macro-environmental factors can be identified in a PEST (political, economic,
socio-cultural and technological) analysis (Schmieder-Ramirez and Mallette
2015), while Porter’s five forces model can be adopted to analyze
micro-environmental factors in industrial competition (Porter 1985).

(2) Integrated risk management in the MNC context can be framed in terms of the
firm’s resources. According to the resource-based view, the goal should be to
build sustainable competitive advantages by evaluating whether the focal firm’s
key resources satisfy the criteria of value, rareness, inimitability, and
non-substitutability. In other words, the firm’s resources should dictate a
value-creating strategy, be rare (if not unique), and be such that they can neither
be duplicated nor substituted by competitors (Wernerfelt 1984; Barney 1991).
Recall from Fig. 1.1 that a closed-loop view connecting material, monetary,
and information flows underlies a useful framing strategy for optimizing
operations–finance integration. Given the firm’s choice of operational strategies
and financial instruments, a relationship matrix can be used to assess whether
its resources are complements or substitutes.

(3) The mechanism of risk management acts on organizational structure in that the
firm’s activities can be centralized or decentralized based on its choice of
strategy. Figure 4.6 classifies the MNC environment into four types depending
on the extent of global integration and local responsiveness: a transnational
environment, where both factors are high; a global environment, where only
global integration is high; a multinational environment, where only local
responsiveness is high; and an international environment, where both factors
are low. Another aspect of risk management mechanisms is the corporate–
division relationship. Such relations can be categorized by governance
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schemes: (i) centralization by established authority and hierarchy, (ii) formal-
ization via bureaucratic regulations and procedures, or (iii) normative integra-
tion through the socialization of managers with shared goals and aligned
incentives (Ghoshal and Nohria 1993).

Figure 4.7 illustrates a multinational corporation’s functional structure for the
integrated risk management of operations and finance. The accounting and finance
departments should manage capital structure, accounting, and treasury by central-
ization with divisional audit. Asset liability management is directly connected to the
creation of shareholder value in the long term by sustainable competitive advan-
tages based on the firm’s key resources. The treasury department manages financial
hedging, via currency derivatives, based in part on shared information about the
firm’s operating cash flows. The accounting department controls, audits, and
reviews the firm’s operational performance using financial metrics; thus it is con-
nected to the operations and supply chain division by real investment in capital
budgeting and by revenue management in marketing and sales processes. The
cycling process of material, monetary, and information flows between operations
and finance is represented by the counterclockwise arrow signifying a closed loop
(cf. Fig. 1.1). The operations and supply chain division manages capacity invest-
ment, production planning, and distribution logistics by way of decentralization and
coordination. In the upstream supply chain, the management of supplier

Fig. 4.6 Classification of MNC environments (Adapted from Ghoshal and Nohria 1993)
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relationships is connected to quantity decisions in capacity and production plan-
ning; downstream, the management of customer relationships connects product
distribution with marketing, sales, and services.

The MNC is exposed to various sources of uncertainty stemming from opera-
tional activities and financial variables. In corporate risk management there are
three categories of risk, of which the first is credit risk—that is, the risk of not
receiving outstanding payments because the borrower defaults. The second risk
category is market risk, or the variance in portfolio value due to changes in such
market factors as stock and bond prices, interest and exchange rates, commodity
prices, et cetera. In currency risk management, there are three types of exchange
rate exposure. (i) Economic exposure is the extent to which a firm’s present value of
future operating cash flows is affected by exchange rate fluctuations; such exposure
can be mitigated by financial hedging via currency derivatives in treasury man-
agement. (ii) Transaction exposure is the effect of exchange rate movements on
contractual cash flows associated with receivables (exports) and payables (imports).
This type of exchange rate exposure can be managed not only by financial hedging
but also by currency invoicing, the leading and lagging of receipts and payments,
and/or the firm’s exposure netting. (iii) Translation exposure is defined as the effect
of exchange rates on financial reporting when consolidating the assets and liabilities
of foreign subsidiaries into the parent company’s balance sheet.

Corporate risk management’s third risk category is operational risk, which is the
risk of losses resulting from internal operational activities, staff and systems, and/or
external events. In operational risk management, the “three Es” of efficiency,

Fig. 4.7 The MNC’s functional structure and stakeholder relationships in integrated risk
management
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effectiveness, and equity can be used as performance criteria. “Efficiency” in this
context is the ratio of output to input; thus a greater volume of output for a given
volume of input corresponds to greater efficiency. “Effectiveness” is a term
describing the extent to which the firm’s objectives are achieved (Otley 1999). So
even if, for instance, production is efficient because the firm’s yield is a high
percentage of its capacity, production may not be effective—in terms of market
share—if the firm must hold back products owing to poor market conditions (van
Mieghem and Dada 1999). Finally, the “equity” criterion concerns equity value
performance from the perspective of shareholders. Equity concerns are relevant to
board members who must decide whether (or not) a risk management program can
be implemented (Cohen and Kunreuther 2007).

In the integrated risk management of an MNC, a crucial question is whether the
operations–finance optimization should be effected by adopting a centralized or
rather a decentralized approach (see Sect. 2.1). From the perspective of organiza-
tional economics, Table 4.2 lists and details five dimensions pertaining to the
choice of approach when seeking to integrate operations and finance. We address
each of these dimensions in turn.

Table 4.2 Aspects of optimizing the integration of MNC operations and finance

Dimension Structure Activity Trade-offs References

Organization
structure

Decentralization/
coordination

Operations: capacity,
production, allocation;
Finance: accounting,
treasury, capital

Environmental,
industry- and
firm-specific
factors

Martinez
and Jarillo
(1989)

Objective
setting

Decentralization/
coordination

Operations: (i) firm value
maximization; (ii) risk
reduction via real options
Finance: (i) equity value
maximization; (ii) risk
sharing via financial
derivatives

Functional,
service, trading
orientations

Lessard and
Zaheer
(1996)

Incentives
alignment

Decentralization/
coordination

Operating profit
maximization; cost
reduction; loss aversion;
coordination of
incentives

Synergistic
benefits versus
coordination
cost

Kleindorfer
and Saad
(2005)

Knowledge
management

Centralization Cross-divisional
knowledge transfer
(technological
standardization);
cross-functional
knowledge diffusion
(trans-specialist training)

Specialization
benefits versus
knowledge
distribution cost

Kogut and
Zander
(1993)

Information
management

Centralization Internal audit system;
internal consulting/
informal communication

Integration
benefits versus
infrastructure/
sharing cost

Rai et al.
(2006)

68 4 Integrated Risk Management in Multinational Corporations



(1) In terms of organization structure, most MNCs have decentralized their
operations and finance divisions but retain coordination between the two
functions. Two types of coordination mechanisms are evident: formal and
informal approaches. The formal mechanisms incorporate (i) departmentaliza-
tion by grouping activities into functional units; (ii) standardization by
establishing formal regulations, procedures, and job descriptions; (iii) joint
planning—such as capital budgeting as well as goal and strategy setting—to
guide the activities of various departments; and (iv) performance control, which
includes not only output control (based on filing of reports) but also behavior
control (via direct personal surveillance). The informal approaches include
(i) lateral relations, or direct contact and task sharing among managers in
various functional units; (ii) informal communication by information sharing
via personal contact across divisions; and (iii) corporate culture development
based on the company’s value and vision (Martinez and Jarillo 1989).

(2) As for the objective setting, the MNC’s operations units typically focus on
increasing firm value or maximizing expected profits while the finance
department aims to maximize equity value. Operational flexibility seeks to
reduce risk by taking positions in real options, and financial hedging shares risk
via derivatives contracts with financial institutions. An MNC’s divisions of
finance, accounting, and treasury are subject to various sociocognitive inter-
pretations concerning their roles when interacting with operational departments.
Three types of orientation can be identified: (i) a “service” orientation, whereby
financial departments play a supporting role with respect to operational divi-
sions; (ii) a “functional” orientation, as when the firm’s treasury department
focuses on financial risk exposure when managing revenue, cash flow, and the
balance sheet; and (iii) a “trading” orientation that targets long-term value
enhancement by mitigating risks. All three of these orientations merit attention,
since promoting one at the expense of others could well result in inefficiency.
For example, a predominantly functional orientation may identify financial
exposure yet fail to acknowledge the competitive exposure that could result
from accounting ambiguities (Lessard and Zaheer 1996).

(3) The alignment of incentives is required to facilitate cross-functional cooperation
in the areas of value-based management and risk mitigation. Coordination
incentives should prevail across an MNC’s functions and also across supply
chain partners; the reason is that integrated risk management can be optimized
only through the joint cooperation of various entities. For instance, treasury and
operational departments both should be involved in using performance mea-
surement to steer the strategic hedging of competitive exposure. Operations and
finance should likewise both contribute to maximizing profit or utility, and to
minimizing costs, based on the firm’s risk attitude and objective formulation
(Kleindorfer and Saad 2005).

(4) In knowledge management, centralized knowledge transfer and sharing is
crucial for various divisions in a firm and for the partners that collaborate in a
supply chain. Such transfer is indispensable for ensuring technological stan-
dardization across divisions or companies within a product’s life
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cycle—especially in knowledge-intensive sectors such as the pharmaceutical
industry. Furthermore, knowledge diffusion is necessary for successful
trans-specialist training across functional units. In this sense, firms can be
viewed as communities that create knowledge and then translate it into
value-enhancing products and services (Kogut and Zander 1993).

(5) Information management seeks to ensure both data consistency and the
high-velocity transfer of strategic and operational information across functional
and supply chain entities. Data consistency is the extent to which data defini-
tions and information sharing have been established along the firm’s supply
chain. As articulated in our closed-loop view, integrated risk management aims
to synchronize the physical, financial, and information flows within a firm and
across supply chain partners. The key to linking material and monetary flow
activities is establishing an efficient information system for real-time commu-
nication among various functions. It follows that a supply chain–related com-
petitive advantage is determined by the firm’s capacity to process information
for the benefit of internal audits and of managing supplier and customer rela-
tionships (Rai et al. 2006).

In addition to the perspective of a valuation mechanism for financial instruments
(in Sect. 2.3) and the process perspective on operational strategies (Sect. 3.3), we
offer here an alternative classification based on risk treatment. Table 4.3 provides
details on operational strategies and financial instruments based on four categories
of such treatment.

(1) Risk taking refers to the base case where firms do not employ any risk miti-
gation strategy and instead rely on a single particular scenario transpiring. For
instance, if a manufacturing firm produces only in foreign locations or sources
only from foreign suppliers, then its costs will be denominated in foreign
currency and so its profits will be exposed to exchange rate risk. And if a firm
declines to adopt any financial hedging instruments and simply assumes that a
financial metric will move in only one direction, then its cash flow will be at the
mercy of any reversals in that metric. Risk taking can be viewed as speculation,
which exposes firms to greater economical and transactional risks.

(2) Risk sharing is an action that transfers, via contract, the firm’s risk exposure to
another party. For example, currency risk sharing allows a supplier to transfer
an agreed-upon portion of their transaction’s exchange rate exposure to the
buyer. In addition, financial derivatives contracts (forwards, futures, options,
swaps, etc.) transfer financial index exposure from the derivative’s buyer (the
firm) to its seller (a financial institution).

(3) Risk reduction is any strategy or action intended to reduce the likelihood or
consequences of exposure to risk. A good example of risk reduction is the
manufacturing firm that operates in both domestic and foreign markets; this is
known as “operational diversification” or a “natural hedge”. Firms can also
shift production volumes between plants located in various currency zones,
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Table 4.3 Classification of risk treatment strategies and instruments

Risk treatment Operational strategy Financial instrument References

Risk taking
(speculation)

Betting on a single
scenario—e.g., full
foreign production
(economic exposure)

Betting on financial
index movement (e.g.,
exchange rate) by
accurate forecast based
on financial expertise/
valuable information
(economic exposure)

Stulz (1996), Shapiro
(2002)

Sourcing from a single
supplier—e.g., full
foreign procurement
(transactional exposure)

Risk sharing
(transfer)

Sharing gains/losses on
a financial asset (e.g.,
exchange rate) with
supplier or buyer by
(e.g., currency)
risk-sharing contract
(transactional exposure)

Hedging financial risk
by trading derivatives—
including forwards,
futures, options, swaps
—on (e.g., exchange or
interest) rates
(economic exposure)

Kouvelis (1999),
Ding et al. (2007)

Transferring financial
risk (e.g., currency
exposure) to supplier or
customer by (e.g.,
exchange rate)
pass-through in pricing
decisions (transactional
exposure)

Risk reduction
(diversification/
flexibility)

Designing a dispersed
global manufacturing
network, also called
“operational
diversification” or
“natural hedge”
(economic exposure)

Diversifying financial
assets across nations for
more stable return and
more diffuse risk
(economic exposure)

Kogut and Kulatilaka
(1994), Shapiro
(2002), van Mieghem
(2012)

Shifting production
among plants in different
currency zones to take
advantage of various
scenarios, also called
“operational flexibility”
(economic exposure)

Risk avoidance
(elimination)

Pricing the supply
contract payment in
domestic/base currency
—e.g., US dollars
(transactional exposure)

Establishing a monetary
reserve in supplier/
foreign currency for
payment (transactional
exposure)

Carter and Vickery
(1988), Chowdhry
and Howe (1999),
Simchi-Levi et al.
(2003)

Integrating foreign
supply resources via
merger and acquisition
(transactional exposure)
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which is referred to as “production flexibility” (see Table 3.1). Analogously,
financial diversification reduces the economic exposure of a financial portfolio.

(4) Risk avoidance applies when sources of uncertainty are taken under permanent
control or when an organization’s risk exposure is eliminated altogether. For
instance, a firm whose sourcing contracts are denominated in its own (do-
mestic) currency has eliminated its exposure to currency risk. Exchange rate
risk can be avoided also if the buyer reserves foreign currency for purchasing
supplies. Yet another example: once a buyer acquires a supplier, there is no
longer any transactional exposure.

Strategies for sharing, reducing, and avoiding risk are proactive: in fair weather,
prepare for foul. “An ounce of prevention is worth a pound of cure” and so
proactive risk management is far preferable to coping, after the fact, with the
negative outcomes of assuming risks. At the same time, strategies for dealing with
risk—such as contingency plans and real-time crisis management—are crucial
given the increasing unpredictability and ambiguity of risks. Although fundamental
solutions are better than temporary ones, this intuition may not be valid with regard
to managing a risk (e.g., exchange rate uncertainty) that is “double edged”. In such
cases, risk avoidance reduces the downside hazard but also the upside potential;
hence the optimal extent of risk reduction depends strongly on the particular cir-
cumstances. For strictly downside risks, avoidance is always preferable to either
risk reduction or risk sharing.

4.4 Integrated Operational and Financial Hedging

So far we have discussed qualitatively the conditions, process, and dimensions of
integrating operations and finance. In order to quantify the value of joint operational
and financial hedging, we now present numerical examples in currency and com-
modity risk management; these examples are adapted from Sodhi and Tang (2012)
and van Mieghem (2012).

Example 4.1 A global manufacturer has production plants located in China and the
United States to fulfill demand in those respective markets. Both product demand
and the exchange rates are uncertain. The firm wonders whether it should hedge
financially or operationally. The unit market price is c dollars in the United States
and d yuan in China; the unit production cost is e dollars in the United States and f
yuan in China. Suppose that demand states are correlated with exchange rates, so
that the greater is a country’s market demand, the more valuable is its currency.
Then there are two equally likely scenarios:

1. US demand is a units, Chinese demand is b units, a[ b, and the exchange rate
is ða� bÞ dollars/yuan;

2. US demand is b units, Chinese demand is a units, a[ b, and the exchange rate
is ðaþ bÞ dollars/yuan.
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Option I: Natural hedging. The global firm produces and sells in local markets.
Therefore, the operating profits in the two scenarios are pI1 ¼ a c� eð Þþ bðd � f Þ
ða� bÞ and pI2 ¼ b c� eð Þþ aðd � f Þðaþ bÞ.
Option II: Natural and financial hedging. The global firm combines natural
hedging with financial hedging, where the latter consists of selling h units of future
yuan for a dollars per yuan. The expected payoff from financial hedging is zero, and
we ignore the small transaction costs. Then the operating profits in the two sce-
narios are pII1 ¼ a c� eð Þþ b d � fð Þ a� bð Þþ hb and pII2 ¼ b c� eð Þþ a d � fð Þ
aþ bð Þ � hb.
Option III: Operational hedging. The global firm adopts operational hedging via
allocation flexibility; hence it produces only in China (scenario 1) or only in the
United States (scenario 2). Here the operating profits in the two scenarios are
pIII1 ¼ acþ bd a� bð Þ � f ðaþ bÞ a� bð Þ and pIII2 ¼ bcþ ad aþ bð Þ � eðaþ bÞ.
Option IV: Operational and financial hedging. The global firm combines allocation
flexibilitywithfinancial hedging. In this case, the operating profits in the two scenarios
are pIV1 ¼ acþ bd a� bð Þ � f ðaþ bÞ a� bð Þþ hb and pIV2 ¼ acþ bd aþ bð Þ�
eðaþ bÞ � hb.
Option V: Operational and perfect financial hedging. The global firm combines
allocationflexibilitywith perfectfinancial hedging—that is, hedging that achieves zero
variance. Now the operating profits in the two scenarios are pIV1 ¼ acþ bd a� bð Þ �
f ðaþ bÞ a� bð Þþ hpb and pIV2 ¼ acþ bd aþ bð Þ � eðaþ bÞ � hpb.

In Example 4.1, we set the following parameter values: a = 2,000,000, b =
1,000,000, c = 3000, d = 20,000, e = 1500, f = 10,000, a ¼ 0:15, b ¼ 0:05,
h ¼ 10 kM, and hp ¼ 15 kM. Then we can write pI1 ¼ 2M� 1:5 kþ 1M� 10 k�
0:1 ¼ ($)4 kM and pI2 ¼ 1M� 1:5 kþ 2M� 10 k� 0:2 ¼ ($5.5 kM). The
expected profit of Option I is E½pI� ¼ 4:75 kM, and its standard deviation is
rI ¼ 0:75 kM. In Option II, we have pII1 ¼ 4:5 kM, pII2 ¼ 5 kM, E½pII� ¼ 4:75 kM,
and rII ¼ 0:25kM. In Option III, pIII1 ¼ 2M� 3 kþ 1M� 20 k�
0:1� 3M� 10 k� 0:1 ¼ 5 kM, pIII2 ¼ 1M� 3 kþ 2M� 20 k� 0:2� 3M�
1:5 k ¼ 6:5 kM, E½pIII� ¼ 5:75 kM, and rIII ¼ 0:75 kM. In Option IV,
pIV1 ¼ 5:5 kM, pIV2 ¼ 6 kM, E½pIV� ¼ 5:75 kM, and rIV ¼ 0:25 kM. Finally, in
Option V we have pV1 ¼ 5:75 kM, pV2 ¼ 5:75 kM, E½pV� ¼ 5:75 kM, and rV ¼ 0.
The various options are illustrated in Fig. 4.8.

To illustrate the value of integrated operational and financial hedging, we con-
duct a mean–standard deviation analysis of the five options, where the expected
profit represents return and the standard deviation represents risk. The firm’s
objective function can be expressed as u ¼ E p½ � � kr, where k ¼ 0:1 is the coef-
ficient of risk aversion. Hence the utilities of the five options are uI ¼ 4:675 kM,
uII ¼ 4:725 kM, uIII ¼ 5:675 kM, uIV ¼ 5:725 kM, and uV ¼ 5:75 kM. Moving
from Option I to Option II via financial hedging increases the firm’s utility by
reducing risk without affecting expected profit, whereas moving from Option I to
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Option III via operational hedging increases utility by increasing expected profit yet
without mitigating the risk of variability. The integration of operational and
financial hedging in Options IV and V increases return and also reduces risk, and
the optimal value of firm utility is achieved under financial hedging with zero
variance.

Example 4.2 An agriculture company in Europe plants and sells corn, and it faces
two equally probable scenarios of annual yield:

1. when the firm’s yield is high (4a bushels), the market price is €2b;
2. when the firm’s yield is low (2a bushels), the market price is €4b.
Option I: No hedging. If the firm does not take any action, then the revenue in the
two scenarios are the same: RI

1 ¼ RI
2 ¼ 8ab. Therefore, expected revenue is

E RI½ � ¼ (€)8ab and the standard deviation is rI ¼ 0.
Option II: Financial hedging. If the agriculture company adopts financial hedging
via commodity derivatives—selling 3a bushels of corn in a futures contract at the
price of €3b per bushel—then the firm’s revenue in scenario 1 is RI

1 ¼ 3a�

Fig. 4.8 Effect of operational and financial hedging
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3bþ a� 2b ¼ 11ab and in scenario 2 is RII
2 ¼ 3a� 3b� a� 4b ¼ 5ab. Hence

expected revenue is E RII½ � ¼ ð€Þ8ab and the standard deviation is rII ¼ 3ab. Thus,
financial hedging via futures contracts increases variability risk without affecting
expected revenue.
Option III: Integrated financial and operational hedging. If the firm adopts oper-
ational hedging by storing a bushels of corn in scenario 1 and sells them in scenario
2—and if we ignore spoilage and the holding costs of inventory—then the firm’s
revenue in the two scenarios are the same: RIII

1 ¼ RIII
2 ¼ ð € Þ9ab. It follows that

expected revenue is E RIII½ � ¼ ð € Þ9ab and the standard deviation is rIII ¼ 0. Thus
integrated operational and financial hedging leads not only to higher expected
revenue and but also to lower risk of variability.

Finally, we conduct a mean–standard deviation analysis of these three options. If
the focal firm’s objective function is the same as in Example 4.1 (i.e., u ¼
E p½ � � kr with k ¼ 0:1), then the utilities of Example 4.2’s three options are
uI ¼ 8ab, uII ¼ 7:7ab, and uIII ¼ 9ab.
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Chapter 5
Integrated Risk Management
with Capacity Reshoring

In this chapter, we provide an analytical model of integrated risk management with
capacity reshoring. First, we review the analytical models on integrated
operations-finance risk management in global manufacturing. Second, we formulate
a global supply chain model and propose an optimal integration of operational
flexibility and financial hedging. Third, we study analytically and numerically the
interactions between operations and finance. Furthermore, the main insights and
suggested directions for future research are summarized.

5.1 Integrated Operational Flexibility and Financial
Hedging

Multinational corporations (MNCs) operating in global markets are typically
exposed to foreign exchange volatility, supply uncertainty, and demand risk (The
Economist 2009). The rising costs and reliability issues in emerging economies,
such as China and Mexico, have led to a rapid growth in firms’ reshoring in order to
re-establish reliable domestic capacity (de Treville and Trigeorgis 2010; Cohen and
Lee 2015). The Reshoring Initiative, a nonprofit advocacy group, reports that major
US-based companies—including Ford, General Electric, and GM—are relocating
production domestically (Sauter and Stebbins 2016); these actions returned
approximately 265,000 jobs to the United States from January 2010 through June
2016 (Selko 2016). The sportswear group Adidas has similarly decided to bring a
portion of its shoe production back to Germany by building a highly automated
factory near Ansbach that enables both fulfillment of excess demand and the late
customization of products with fast delivery (Financial Times 2016). Such capacity

This chapter is a revised version of “Integrated operational and financial hedging with capacity
reshoring” published in issue 260 of European Journal of Operations Research.
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reshoring typically leads to a production network consisting of more domestic
facilities and limited foreign capacity. For instance, the automotive manufacturer
Daimler now produces its C-Class Sedan not only in Beijing, China, but also in
Bremen and Sindelfingen, Germany (Daimler 2014). The Sindelfingen plant is
geologically stable and therefore more reliable than the Bremen plant, which is
located along the North Sea and thus is exposed to flooding risk under climate
change (European Commission 2009). The Beijing plant is similarly vulnerable to,
for instance, devastating summer rainstorms (The Economist 2012).

In addition to bolstering their reliable domestic production,1 multinational cor-
porations often execute switching options that shift production across different
countries (Kogut and Kulatilaka 1994; Huchzermeier and Cohen 1996; Kazaz et al.
2005) in order to manage supply–demand mismatches and currency risk. Moreover,
global firms such as Daimler, Ford, and GM typically use financial derivatives to
reduce the impact of currency rate fluctuations (Daimler 2016; Ford 2016; GM
2016). The integration of production switching and financial hedging is a topic
frequently explored in the literature (Mello et al. 1995; Chowdhry and Howe 1999;
Hommel 2003; Ding et al. 2007; Chen et al. 2014). However, there is a dearth of
research that analyzes capacity reshoring and its interaction with production
switching and financial hedging—despite their prevalence in practice.

The extant literature has examined integrated production switching and financial
hedging in a risk-neutral context (Mello et al. 1995) or through the lens of models
that use variance-based risk measures (Chowdhry and Howe 1999; Hommel 2003;
Ding et al. 2007; Chen et al. 2014). Yet such measures, including those employed
by mean-variance (MV) models, treat upside potential and downside risk equally.
As a downside risk measure, value-at-risk (VaR) focuses on the probability—not
the magnitude—of risk (Acerbi and Tasche 2002). Conditional value-at-risk
(CVaR) remedies VaR by taking both risk probability and magnitude into account;
the resulting risk measure is coherent in the sense that it fulfills the axioms of
convexity, monotonicity, subadditivity, translation equivariance, and positive
homogeneity (Artzner et al. 1999; Choi et al. 2011). We therefore adopt CVaR as a
coherent risk measure. In practice, a CVaR constraint can be applied in three cases:
when internal capital is required for an investment opportunity (Froot et al. 1993),
when a lower bound of profitability has been imposed by shareholders (Hommel
2003), or when a standing loan is tied to default risk (Gamba and Triantis 2014).
Although CVaR has been adopted in operations (e.g., Tomlin and Wang 2005;
Gotoh and Takano 2007), mean-CVaR has received little attention in integrated
operational and financial hedging despite its popularity in finance (e.g., Chen et al.
2012; Iyengar and Ma 2013).

In sum, this chapter attempts to fill these gaps in the literature by addressing
three research questions, as follows.

1In this chapter, we use the terms “reliable domestic production” and “capacity reshoring”
interchangeably.
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(i) Which risk management tools can mitigate currency and mismatch risks
more effectively?

(ii) How can a mean-CVaR framework be implemented in a MNC with
decentralized functions?

(iii) What are the relationships among capacity reshoring, production switching,
and financial hedging under mean-CVaR?

To answer these questions, we examine a global manufacturer that adopts
capacity reshoring, production switching, and financial hedging to manage supply–
demand mismatches and currency risk. Applying the mean-CVaR optimization
proposed by Krokhmal et al. (2002), we decompose operations and finance in a
MNC in this way: operational departments maximize expected profit subject to a
CVaR constraint, while finance departments focus on financial hedging to minimize
CVaR subject to a minimum expected profit. Our first result is that the comple-
mentarity between operational flexibility and financial hedging is due mainly to
profitability enhancement. Operational flexibility drives profitability and reduces
downside risk, while financial hedging minimizes downside risk and can alter
feasible set of capacity portfolios indirectly through the CVaR constraint. Second,
operational flexibility and financial hedging are substitutes in terms of risk reduc-
tion. With operational flexibility, financial options hedge only rare and extreme
exchange rates because real options are expected to generate greater profits.
Financial hedging is more effective at reducing risk in CVaR when it is not used in
conjunction with operational flexibility, while capacity reshoring and production
switching are complements (resp., substitutes) when used to fulfill foreign (resp.,
domestic) demand. Third, operations and finance departments should collaborate so
as to minimize their substitution effects. The efficiency of financial hedging depends
on accurate estimates of cash flow distribution as shaped by operational flexibility;
at the same time, the CVaR constraint dictates that the feasible set of capacity
portfolios be determined by financial hedging.

5.2 Global Production with Capacity Reshoring,
Switching Options, and Financial Hedging

This section presents our model formulation, timeline, and objective function. We
consider a global firm that mitigates the risks of random capacity, uncertain
demand, and volatile exchange rate by marshaling three strategies: reliable domestic
production, production switching options, and financial hedging via currency
derivatives.

Figure 5.1 depicts the global firm’s production network. The MNC supplies one
product with two domestic capacities K1 and Kr and one foreign capacity K2.
Currency zone 1 represents the domestic area; currency zone 2 represents the
foreign area. The MNC first decides on capacity order quantities
Q ¼ ðQ1;Q2;QrÞT 2 R

3
þ at unit capacity cost cki for resource i ¼ 1; 2; r.
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Throughout the chapter, we use boldface letters to denote vectors and superscript T
to signify transposition. Capacity Ki can be unreliable and subject to the propor-
tional random yield factor Ri 2 ð0; 1� for i ¼ 1; 2; r. All capacities have endogenous
production function Ki ¼ QiRi (cf. Dada et al. 2007) for i ¼ 1; 2; r, so the global
firm might receive only a fraction of the capacity quantity ordered. Domestic
capacity Kr is perfectly reliable (i.e., Rr ¼ 1); therefore, Kr ¼ Qr. Table 5.1 sum-
marizes our notation and assumptions.

Market demand Di in the currency zone i ¼ 1; 2 is stochastic with probability

density function (PDF) gið�Þ. The foreign currency exchange rate s ¼
domestic currency
foreign currency for s 2 ½s; s� has a PDF of eð�Þ that is assumed to be independent

of demand rates Di. The joint distribution of exchange rate and supply–demand
matching states (i.e., s, Ki, Di) has density function f ð�Þ with support Xi (i = 1, 2,
…,10). We assume that the global firm is able to estimate the distribution of
uncertainty factors, which means that the probabilities Pi of the respective states Xi

are known ex ante. Once capacity has been established, the global firm decides on
production quantities qi at unit production cost ci for i ¼ 1; 2; r. We assume that
ck1\ckr and c1\cr, given that reliable domestic capacity and production are more
expensive than ordinary domestic capacity and production (Tomlin 2006). The
global firm has switching options to shift vij production units from currency zone
i to j for i; j ¼ 1; 2 and i 6¼ j; however, the execution of such an option incurs a unit
switching cost csij (in the destination zone’s currency). The MNC then decides on its
output quantity di destined for market i ¼ 1; 2. The selling price pi in market
i ¼ 1; 2 is assumed to be exogenous; also, the conditions p1 [ cr [ c1 and p2 [ c2
ensure the profitability of unit production in each market.

Figure 5.2 illustrates our two-stage stochastic program for characterizing the
MNC’s operational and financial decisions. In Stage 1, the global firm invests in
domestic and foreign capacities Q subject to a CVaR constraint. The MNC pur-
chases financial hedging contracts of forwards or put options on foreign currency,

Fig. 5.1 The global production network
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Table 5.1 Summary of notation and assumptions

Symbol Description Assumptions

s Exchange rate in currency zone 2 s ¼ domestic currency
foreign currency , s 2 ½s; s�

eð�Þ Probability density function (PDF) of
exchange rate distribution

Exogenous, stochastic; independent
of Di

Ki Ordinary capacity in currency zone i for
i ¼ 1; 2

Unreliable with endogenous
production function; Ki ¼ QiRi for
i ¼ 1; 2

Kr Reliable (domestic) capacity in currency
zone 1

Perfectly reliable; Kr ¼ Qr

Ri Proportional random yield factor of capacity
Ki for i ¼ 1; 2

Random variables; Ri 2 ð0; 1�

Qi Capacity order quantity at resource i for
i ¼ 1; 2; r

Decision variable in stage 1;
Q 2 R

3
þ

qi Production quantity at resource i for i ¼ 1; 2; r Decision variable in stage 2

cki Unit capacity cost at resource i for i ¼ 1; 2; r ckj\ckr for j ¼ 1; 2

ci Unit production cost at resource i for
i ¼ 1; 2; r

cj\cr for j ¼ 1; 2

vij Production quantity switched from currency
zone i to j

i; j ¼ 1; 2, i 6¼ j

csij Unit switching cost of shifting a production
unit from currency zone i to j in the destination
location’s (j’s) currency

Exogenous, deterministic
i; j ¼ 1; 2, i 6¼ j

Di Market demand in currency zone i for i ¼ 1; 2 Exogenous, stochastic

gið�Þ PDF of demand distribution for market i for
i ¼ 1; 2

Exogenous; known in stage 1

y Random vector y, ðK; s;DÞ y 2 R
m

f ð�Þ Density function of joint distribution of
exchange rate and supply–demand matching
states

Exogenous, has support
Xiði ¼ 1; 2; . . .; 10Þ

Pi Probability of joint exchange rate and supply–
demand matching state Xi

Exogenous, known in stage 1

di Product output in currency zone i for i ¼ 1; 2 Decision variable in stage 2; di �Di

pi Market (unit) price in currency zone i for
i ¼ 1; 2

Exogenous; pi [ cr [ ci for
j ¼ 1; 2

HðhÞ Payoff of financial hedging portfolio E H hð Þ½ � ¼ 0

hi Size vector of currency forwards or options,
i ¼ f ; p

Consists of currency forwards or
options

CðhÞ Overall cost of financial hedging Includes commission costs,
transaction fees, and margin
requirements

a Threshold value of CVaR Endogenous; depends on b

b Confidence interval of CVaR Endogenous, deterministic

k Coefficient of risk aversion in mean-CVaR
objective

k� 0

(continued)
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and hi 2 R
n (i = f, p)2 is the size vector of currency forwards or options. The firm

has postponement flexibility (van Mieghem and Dada 1999) when planning pro-
duction or switching activities that are contingent on the realization of uncertainty.
This last assumption alludes to the capacity or key component commitment
observed in practice.

In Stage 2—after observing realized capacities K ¼ ðK1;Kr;K2Þ, demands
D ¼ ðD1;D2Þ, and the exchange rate s—the global firm decides on production
quantities q ¼ q1; qr; q2ð Þ and switching quantities vij ¼ ðv12; v21Þ. The firm first
decides on regular production quantities and then on the execution of reliable
production and switching options to match supply with demand. Note that the
expected payoff from financial hedging is assumed to be zero (this is the no-
arbitrage condition): E H hð Þ½ � ¼ 0, where E �½ � is the expectation operator. In the
absence of arbitrage, the overall hedging cost (which includes commission fees,
transaction costs, and margin requirements) is equal to the payout from financial
hedging: E½C hð Þ� ¼ E½R hð Þe�ct�. Thus the MNC’s final profit is
P Q; h; yð Þ ¼ P Q; yð ÞþR h; sð Þ � C hð Þect. Here P Q; yð Þ denotes operating cash
flow, and the random vector y, ðK; s;DÞ 2 R

m
þ . The payoff from financial hedg-

ing, H h; sð Þ ¼ R h; sð Þ � C hð Þect, reflects both the payout R h; sð Þ from financial
hedging in Stage 2 and the overall hedging cost C hð Þect in Stage 1.3 The term c is
the risk-free interest rate in domestic currency, and t is the time duration between
Stage 1 and Stage 2 as well as the time to maturity of financial derivatives.

To formulate our objective function, we first define CVaR following the approach
of Rockafellar and Uryasev (2000). Let ðX;F;PÞ be a probability space with fil-
tration F and probability measure P. In our setting, X is the probability space on
which f ð�Þ is defined and F is the set of exchange rates and supply–demand state
realizations. An uncertain outcome (i.e., loss function) is represented by a measur-
able function L : X ! R. We specify the vector space L of possible functions, where
it is sufficient to consider L ¼ L1ðX;F;PÞ. Given the joint operational and financial
decisions Q; hð Þ, we can write the probability that the loss function l Q; h; yð Þ, �
P Q; h; yð Þ does not exceed threshold a as W Q; h; að Þ, R

l Q;h;yð Þ� a f ðyÞdy:

Table 5.1 (continued)

Symbol Description Assumptions

x CVaR constraint on operations Endogenous, deterministic

q Minimum expected profit constraint Endogenous, deterministic

2Here f and p denote (respectively) currency forwards and currency put options. For the sake of
brevity, the vector hi is sometimes simply written as h when no confusion could result.
3For brevity, hereafter we use H hð Þ and R hð Þ to signify R h; sð Þ and H h; sð Þ, respectively.
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For a given confidence level b 2 ð0; 1Þ (e.g., b ¼ 0:9 or b ¼ 0:95) and fixed
decisions Q; hð Þ, the conditional value-at-risk CVaRb Q; h; yð Þ is defined as the
expected value of loss that exceeds value-at-risk VaRbðQ; h; yÞ,min
a 2 R : W Q; h; að Þ� bf g; thus,

CVaRb Q; h; yð Þ, 1
1� b

Z

l Q;h;yð Þ�VaRb Q;h;yð Þ
l Q; h; yð Þf yð Þdy: ð5:1Þ

The MNC is risk averse and seeks to maximize the following objective function:

max
Q2R3

þ ;h2Rn
Ef ½PðQ; h; yÞ��kCVaRbðQ; h; yÞ

� ð5:2Þ

s:t: CVaRb Q; h; yð Þ�x; E P Q; h; yð Þ½ � � q; E H hð Þ½ � ¼ 0

(as usual, “s.t.” abbreviates “subject to”). Our risk parameter k� 0 represents the
coefficient of risk aversion—that is, the rate at which a firm substitutes CVaR for
expected profit.

5.2.1 Strategy Definition and Mean-CVaR Decomposition

Next, we define six strategies in terms of their respective degrees of operational
flexibility and financial hedging. We then decompose mean-CVaR optimization.

Definition 5.1

(a) Base case refers to a nonflexible firm without reliable domestic capacity,
production switching, or financial hedging (i.e., Kr ¼ vij ¼ h ¼ 0); ceteris
paribus.

(b) Reliable production only denotes a partially flexible firm with reliable domestic
capacity but without production switching or financial hedging (i.e., Kr [ 0 and
vij ¼ h ¼ 0); ceteris paribus.

Fig. 5.2 Timeline of events
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(c) Switching options only means a partially flexible firm with production
switching yet with neither domestic reliable capacity nor financial hedging (i.e.,
vij � 0; and Kr ¼ h ¼ 0); ceteris paribus.

(d) Full operational flexibility indicates a fully flexible firm with reliable domestic
capacity and production switching but without financial hedging (i.e., Kr [ 0,
vij � 0, and h ¼ 0); ceteris paribus.

(e) Financial hedging only refers to a nonflexible firm that adopts financial hedging
but employs neither reliable domestic capacity nor production switching (i.e.,
h[ 0 and Kr ¼ vij ¼ 0); ceteris paribus.

(f) Integrated risk management denotes a fully flexible firm that uses reliable
domestic capacity, production switching, and financial hedging (i.e., Kr [ 0,
vij � 0, and h[ 0); ceteris paribus.

Definition 5.1 presents six strategies that vary depending on their respective
choices of capacity reshoring, production switching, and financial hedging. Hence
we are now in a position to compare the relative effectiveness of various risk
management tools. We use Px Q; h; yð Þ for x ¼ bc; rp; sw; op; fh; int to denote the
profit function when strategy x is adopted4; for brevity this function may also be
written as P Q; h; yð Þ, Px Q; hð Þ, or even Px. Similarly, CVaRx

b Q; h; yð Þ is defined
as the CVaR when l Q; h; yð Þ ¼ �Px Q; h; yð Þ for strategy x ¼ bc; rp; sw; op; fh; int;
this term likewise may be denoted also as CVaRx

b Q; hð Þ or CVaRx
b.

To ensure the tractability of our model, we assume that CVaR is convex (see
Rockafellar and Uryasev 2002, Cor. 11), that the expected profit function is con-
cave, and that the decision vector set is (jointly) convex. Following the approach of
Krokhmal et al. (2002, p. 49), we show that three different formulations are
equivalent to the mean-CVaR optimization.

Lemma 5.1 Suppose that the functions CVaRbðp; yÞ and E P x; yð Þ½ � depend on the
decision vector p, ðQ; hÞ 2 P, and consider the following three problems:

max
Q2R3

þ ;h2Rn
fE P p; yð Þ½ � � kCVaRbðp; yÞg s:t: p 2 P and k� 0; ðP1Þ

min
h2Rn

CVaRbðp; yÞ s:t: E P p; yð Þ½ � � q and p 2 P; ðP2Þ

max
Q2R3

þ
E P p; yð Þ½ � s:t: CVaRb p; yð Þ�x and p 2 P: ðP3Þ

Now suppose that the constraints E P p; yð Þ½ � � q and CVaRb p; yð Þ�x have
internal points. Then the efficient frontiers for problems (P1)–(P3) can be traced by
varying the parameters k, q, and x accordingly. When CVaRbðp; yÞ is convex,

4We shall use “bc”, “rp”, “sw”, “op”, “fh”, and “int” to denote (respectively) “base case”, “reliable
production only”, “switching options only”, “full operational flexibility”, “financial hedging only”,
and “integrated risk management”.
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E P p; yð Þ½ � is concave, and the decision vector set P is convex, then problems
(P1)–(P3) are equivalent in that they generate the same efficient frontier.
Proof All proofs are given in the Appendix (available on request).

Lemma 5.1 establishes—based on generating the same efficient frontier—that
mean-CVaR optimization is equivalent to minimizing CVaR with a minimum
expected profit and also to maximizing the expected profit subject to a CVaR
constraint. Therefore, we decompose the firm’s optimization into CVaR mini-
mization via financial hedging with a minimum expected profit and profit maxi-
mization via operational flexibility subject to a CVaR constraint. This setup allows
one to implement mean-CVaR optimization within a centralized functional struc-
ture, via (P1), or within a decentralized functional structure via (P2) and (P3).
Mean-variance and expected utility models both typically require MNC to be a
centralized planner of operations and finance using a single objective function.
Such centralized models are accurate provided one accepts the rather strong
assumption that incentives between operational and financial departments are per-
fectly aligned. In practice, most MNCs have a decentralized functional structure.
Hence, one advantage of mean-CVaR optimization is that it allows us to decompose
operations and finance: operational strategy focuses on maximizing expected profit
subject to a CVaR constraint, while financial hedging focuses on minimizing CVaR
subject to a minimum expected profit.

5.2.2 Optimal Financial Hedging Strategy

We first use the decomposed mean-CVaR optimization to optimize financial
hedging decisions. Since the objective of maximizing mean-CVaR is equivalent to
minimizing CVaR subject to a minimum expected profit, per Lemma 5.1, it follows
that the portfolio of financial hedging contracts with respect to (w.r.t.) h 2 R

n for
each p ¼ Q; hð Þ 2 P can be optimized by solving the following problem:

min
h2Rn

CVaRbðQ; h; yÞ ð5:3Þ

s:t: E P Q;h; yð Þ½ � � q;E H hð Þ½ � ¼ 0; p 2 P

Here the no-arbitrage constraint E H hð Þ½ � ¼ 0 indicates that the expected profit
remains unaffected by financial hedging for a fixed capacity portfolio Q. That is,
financial hedging has no direct influence on expected profit; it can affect expected
profit only if it alters the feasible set of capacity portfolios by minimizing CVaR
(see Proposition 5.3 in Sect. 5.3).

In financial hedging only (i.e., in the absence of operational flexibility), the loss
function is l Q; h; yð Þ ¼ �Pfh Q; h; yð Þ ¼ �Pbc � H hð Þ ¼ �P

i2f1;2g si pi � cið Þmin

ðDi;KiÞ � R hð Þþ ðck1; sck2; ckrÞQþC hð Þ� �
ect; where si ¼ 1 if i ¼ 1 or si ¼ s if i ¼ 2

and Q ¼ ðQ1;Q2; 0ÞT. This loss function is continuous and linear w.r.t. h. Hence
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CVaR can be calculated by minimizing the following auxiliary function w.r.t. the
variable a 2 R (Rockafellar and Uryasev 2000, 2002):

Fb Q; h; að Þ, aþ 1
1� b

Z

y2Rm

l Q; h; yð Þ � a½ � þ f yð Þdy: ð5:4Þ

In this case, the global firm has neither reliable domestic capacity nor production
switching, which leads to the linearity and continuity of the profit function (and loss
function). Hence the optimal financial hedging portfolio here consists of forward
contracts.

For integrated risk management (i.e., financial hedging with operational flexi-
bility), real options lead to multiple discrete loss functions (see Proposition 5.2 in
Sect. 5.3) whose corresponding probabilities arise from the support of continuous
uncertainty domains (see Table 5.2, also in that section). In this case, operational
flexibility can enlarge the feasible decision vector set w.r.t. the minimum expected
profit. Here CVaRbðQ; h; yÞ can be calculated as a weighted sum of the CVaR in
each uncertainty domain and then optimized by sampling the probability density
distribution f ðyÞ; that distribution has support Xiði ¼ 1; 2; . . .; 10Þ, and the
respective probabilities Pi generate a collection of vectors yi. Hence CVaR can be
minimized via the formula

Gb Q; h; að Þ, aþ 1
1� b

Xn
i¼0

Pi l Q; h; yið Þ � a½ �þ ð5:5Þ

(cf. Rockafellar and Uryasev 2002), where n denotes the number of scenarios. So
when the loss distribution is fat tailed at rare and extremely low exchange rates, the
optimal financial hedging portfolio consists of deep out-of-the-money put options.

If financial markets are efficient and arbitrage-free, then hedging contracts are
fairly priced; thus it is not possible to outperform the market systematically by
earning a positive expected return (cf. Chowdhry and Howe 1999; Hommel 2003).
In other words, financial hedging contracts are subject to the no-arbitrage constraint
(E H hð Þ½ � ¼ 0) and so

E½C hð Þ� ¼ E½R hð Þe�ct�

¼

Rs
s
hTf sf � s
� �

e sð Þdse�ct for l Q; h; yð Þ ¼ �Pfh Q; h; yð Þ;
Rs
s
hTp ½sp � s�þ e sð Þdse�ct for l Q; h; yð Þ ¼ �Pint Q; h; yð Þ;

8>>><
>>>:

ð5:6Þ

here ½t�þ ¼ maxft; 0g, sf is the contractual rate of currency forwards, and sp rep-
resents the vector of strike prices in put options. In case of integrated risk man-
agement, operational flexibility results in multiple and discrete loss functions; hence
optimal options contracts can have multiple strike prices. The global firm thus
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tailors its CVaR through a hedge portfolio of forwards or put options, as detailed in
the analysis to follow. We can therefore write the magnitude of the monetary flow
transferred via financial hedging as

Zsi
s

ðR hð Þe�ct � C hð ÞÞe sð Þds ¼
Zs

si

ðR hð Þe�ct � C hð ÞÞe sð Þds; ð5:7Þ

where i ¼ f for l Q; h; yð Þ ¼ �Pfh Q; h; yð Þ and i ¼ p for l Q; h; yð Þ ¼
�Pint Q; h; yð Þ. That is, the firm hedges financially through forwards (resp., put
options) in the case of financial hedging only (resp., integrated risk management).
The left-hand side of Eq. (5.7) represents the expected positive payoff from financial
hedging when there is a shortfall in operating cash flow; the right-hand side
(RHS) represents the expected negative payoff (i.e., the costs and losses) of
financial hedging when there is no shortfall in operating profit. Equation (5.7)
indicates that financial hedging optimizes CVaR by transferring monetary flows—
across the probability space—from voluntary to binding positions.

Proposition 5.1 The optimal financial hedging strategy can be derived as follows:

h� ¼ arg min
h2Rn

CVaRbðQ; h; yÞ

¼
arg min

h2Rn
Fb Q; h; að Þ for l Q; h; yð Þ ¼ �Pfh Q; h; yð Þ

arg min
h2Rn

Gb Q; h; að Þ for l Q; h; yð Þ ¼ �Pint Q; h; yð Þ

8<
: ; ð5:8Þ

s:t: E P Q; h; yð Þ½ � � q;E H hð Þ½ � ¼ 0:

Moreover, if the optimal solution to financial hedging is not (necessarily)
unique, then

h�;E� P Q; h; yð Þ½ �ð Þ 2 arg min
h2Rn

CVaRb Q; h; yð Þ ,

h� 2 arg min
h2Rn

CVaRb Q;h; yð Þ;E� P Q; h; yð Þ½ � 2 argmax
h2Rn

E P Q; h�; yð Þ½ �:
According to Proposition 5.1, the MNC should adopt financial hedging when-

ever its operating cash flow falls below the VaR threshold that minimizes profit
shortfall (i.e., CVaR). If multiple solutions to CVaR minimization are evident, then
the decision vector associated with the highest expected profit will be chosen. The
payoff from financial hedging aims to replicate (offset), based on a conditional
expectation, the size of CVaR in the corresponding exchange rate interval.
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5.2.3 Optimal Operational Flexibility Strategy

We proceed in this section to optimize the global firm’s operational flexibility
strategy. By Lemma 5.1, optimizing mean-CVaR is equivalent to maximizing
expected profit subject to a CVaR constraint; hence the firm’s operational decisions
w.r.t. Q 2 R

3
þ for p ¼ Q; hð Þ 2 P can be optimized by solving

max
Q2R3

þ
E P Q; h; yð Þ½ � ð5:9Þ

s:t: CVaRb Q; h; yð Þ�x; p 2 P:

We now use backward induction to characterize the global firm’s optimal pro-
duction planning and capacity investment in, respectively, Stages 2 and 1.

Stage 2: Production planning

Proposition 5.2 The optimal production quantities q�i in Stage 2 have one of the
ten distinct forms listed in Table 5.2, where the applicable form depends on the
exchange rate and the realized capacity–demand matching state.

The cash flow in Stage 2 resulting from operational decisions is

Pint Q; yð Þ ¼ p1; sp2ð Þd�Tj � c1; sc2; crð Þq�Ti � cs21; sc
s
12

� �
qs�Tij � ck1; sc

k
2; c

k
r

� �
Qect:

ð5:10Þ
Table 5.2 summarizes the optimal operational flexibility strategies in various

domains with support Xi ði ¼ 1; 2; . . .; 10Þ. In response to specific realizations of
uncertainty, the global firm can adjust the production quantities derived from three
different resources and use switching options to leverage production cost variations
resulting from fluctuations in the exchange rate.

Stage 1: Capacity investment

The optimal solutions to capacity investment can be derived by trading off
capacity costs against weighted capacity shadow prices lðQ;XiÞ (i.e., marginal
profit from adding unit capacity). Using necessary and sufficient Kuhn–Tucker
conditions, we establish the following result.

Proposition 5.3 A capacity vector Q� 2 R
3
þ is optimal if and only if there exists a

d 2 R
3
þ such that
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cki e
ct � d ¼

X
PðXi Q�ð ÞÞlðQ;XiÞ and dTQ� ¼ 0; ð5:11Þ

s:t: CVaRb Q; h; yð Þ�x:

Proposition 5.3 indicates that the global firm’s optimal amount of capacity
investment is such that the marginal benefits of the resulting capacities—weighted
by the probability of each scenario—match the marginal costs of those capacities.

5.3 Interplay Between Operations and Finance

Next, we explore the relationships among capacity reshoring, production switching,
and financial hedging when there are mean-CVaR trade-offs.

5.3.1 Relationship Between Capacity Reshoring
and Production Switching

Reliable domestic production hedges supply risk, whereas production switching
hedges both exchange rate and supply risks. Hence the natural question arises: Are
the two operational strategies complements or substitutes? In order to assess their
relationship, we first examine the joint and respective values of production
switching and capacity reshoring.

Definition 5.2 The value of operational flexibility refers to the utility increment—
w.r.t. the mean-CVaR objective and relative to the base case—from adopting the
strategy of capacity reshoring and/or production switching.

Proposition 5.4 The value of reliable production only is

DU Prp½ � ¼ 1þ kð Þ
X

PðXi Q�ð ÞÞðq�r p1 � crð Þ � ckrKrÞ: ð5:12Þ

The value of switching options only is

DU Psw½ � ¼ 1þ kð Þ
X

PðXi Q�ð ÞÞv�ijðsici � sjcj � sjc
s
ijÞ; ð5:13Þ

here i 6¼ j, si ¼ 1; i ¼ 1
s; i ¼ 2

�
, and sj ¼ 1; j ¼ 1

s; j ¼ 2

�
.

The value of full operational flexibility is

DU Pop½ � ¼ 1þ kð ÞðE½Pop� � E½Pbc�Þ: ð5:14Þ
Definition 5.3 Capacity reshoring and production switching are complements,
separate, or substitutes according as whether (respectively)
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DU Pop½ �[DU Psw½ � þDU Prp½ �, DU Pop½ � ¼ DU Psw½ � þDU Prp½ �, or DU Pop½ �\
DU Psw½ � þDU Prp½ �.

Both capacity reshoring and production switching represent excess capacity that
hedges mismatch risk and exchange rate uncertainty; it is therefore intuitive that
they are substitutes. However, the following theorem shows that they can also be
complements under certain conditions.

Theorem 5.1 Capacity reshoring and production switching are complements
(resp., substitutes) when they are used to fulfill foreign (resp., domestic) demand.
The interaction effects between reliable domestic production and switching options
(i.e., the value increment in utility function) are expressed formally as

DU sw; rp½ � � DU Pop½ � � DU Psw½ � � DU Prp½ � ¼ P
p1 þ cs21

p2
\s� s

� 	
min q�r ; v

�
21

� �
sc2 � cr � cs21


 



þP
cr

c2þ cs12
� s\

p1
cs12 þ p2

� 	
min D1 � K1 � Kr½ �þ ;K2

� ��min D1 � K1½ � þ ;K2
� �� �

p1 � sp2 � scs12
� �

þP st � s\
cr

c2 þ cs12

� 	
min D1 � K1 � K2½ �þ ;Kr

� ��min D1 � K1½ �þ ;Kr
� �� �

p1 � crð Þ

þ ð1þ kÞP s� s\stð Þfmin D1 � K1 � K2½ �þ ;Kr
� ��min D1 � K1½ �þ ;Kr

� �gðp1 � crÞ
ð5:15Þ

Here st ¼ max s 2 ½s; s� : l Q; h; yð Þ ¼ �Pint Q; h; yð Þ\a
� �

. The first term on
the RHS of (5.15) is nonnegative and represents the complementary effects when
switching options use reliable domestic capacity to fulfill foreign demand D2. In
contrast, the second, third, and fourth terms on the RHS of (5.15) are nonpositive;
they capture the substitution effects when both reliable capacity and production
switching are used to fulfill domestic demand D1. Thus the relationship between
capacity reshoring and production switching depends on whether the complemen-
tary or substitution effects are more significant. Theorem 5.1 indicates that higher
foreign (domestic) demand expectation encourages (discourages) joint adoption of
capacity reshoring and production switching. Hence the relative magnitudes of
domestic and foreign markets determine the optimal portfolio of operational
flexibility.

5.3.2 Relationship Between Operational Flexibility
and Financial Hedging

We now assess the interaction between operations and finance by examining the
value of financial hedging in both the presence and the absence of operational
flexibility. The value of financial hedging in the absence (resp., presence) of
operational flexibility is the increment in the mean-CVaR utility relative to the base
case (resp., to full operational flexibility) that is created via currency derivatives.
Recall that (no-arbitrage) financial hedging yields E H hð Þ½ � ¼ 0, from which it
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follows that the value of optimal financial hedging w.r.t. the base case can be
readily derived as DU FHbc

�  � U Pfh
� � U Pbc

�  ¼ kðCVaRbc
b � CVaRfh

b Þþ
ðE Pfh

� � E Pbc
� Þ. The value of optimal financial hedging under integrated risk

management (relative to full operational flexibility) can likewise be written as
DU FHop½ � � U Pint

� � U Pop½ � ¼ kðCVaRop
b � CVaRint

b Þþ ðE Pint
� � E Pop½ �Þ.

These expressions show that the value of financial hedging with or without oper-
ational flexibility consists of two factors: risk reduction effects and profit
enhancement effects.

Definition 5.4 Operational flexibility and financial hedging are complements,
separate, or substitutes according as whether (respectively)
DU FHop½ �[DU FHbc

� 
, DU FHop½ � ¼ DU FHbc

� 
, or DU FHop½ �\DU FHbc

� 
.

Theorem 5.2 Operational flexibility and financial hedging are substitutes in risk
reduction. These two mechanisms can be complements in profit enhancement when
financial hedging increases the feasible set of capacity portfolios by relaxing the
CVaR constraint. Their interaction effects (i.e., the value increment in the firm’s
utility) are given as follows:

DU fh; op½ � ¼ k CVaRop
b � CVaRbc

b þCVaRfh
b � CVaRint

b

� �
þ E Pbc� � E Pfh� þE Pint� � E Pop½ �� �

:
ð5:16Þ

This theorem states that the interaction effects between operational flexibility and
financial hedging are determined by two factors, the first of which is the risk

reduction interaction: k CVaRop
b � CVaRbc

b þCVaRfh
b � CVaRint

b

� �
\0: Therefore,

operational flexibility and financial hedging are substitutes w.r.t. risk reduction. The
second factor is the profit enhancement interaction: E Pbc

� � E Pfh
� þE Pint

� �
E Pop½ �[ 0 if and only if E Pint

� � E Pop½ �[E Pfh
� � E Pbc

� 
. It follows that

operational flexibility and financial hedging can be complements w.r.t. profit
enhancement.

5.3.3 Efficient Frontier Analysis

In order to demonstrate the interactions of operational flexibility and financial
hedging, we conduct an efficient frontier analysis following the approach of van
Mieghem (2003, p. 295). Our primary motivation for adopting this approach is that
we used the equivalence of efficient frontiers in Lemma 5.1, i.e., optimizing
mean-CVaR is equivalent to minimizing CVaR with a minimum expected profit
and also to maximizing the expected profit under a CVaR constraint.

Definition 5.5 A portfolio of real and financial assets p ¼ ðQ; hÞ is efficient if and
only if there does not exist another portfolio p

0
such that U½P p

0� ��[U½P pð Þ�:
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Definition 5.6 The efficient frontier F x
CVaR for strategy x ¼ bc; rp; sw; op; fh; int

(see Definition 5.1) is the set of mean-CVaR pairs of efficient portfolios:

F x
CVaR ¼ fðE Px pð Þ½ �;CVaRx

b pð ÞÞjp is efficientg:
The global firm’s initial frontier of its mean-CVaR objective is denoted by

F bc
CVaR in Fig. 5.3. Adopting operational flexibility and/or financial hedging enables

the firm to improve its utility by deploying real and financial assets to shift
northwest the efficient (Pareto-optimal) frontier of its portfolio p. We use E½PðXÞ�
for X ¼ B;E; F to denote the expected profit when maximum utility is attained at
points B, E, and F; here E½PðBÞ�[E½PðCÞ�[E½PðAÞ�[E½PðDÞ�[ q. Observe
that CVaRb Gð Þ and CVaRb Xð Þfor X ¼ E; F signify the minima of CVaR attainable
via, respectively, financial hedging only (at point G) and integrated risk manage-
ment (at points E or F).

In the base case, even though the firm’s utility can be maximized at point A, the
risk-averse firm would choose point D by virtue of the CVaR constraint because
CVaRb Dð Þ ¼ xbc and E½PðDÞ�[ q. In the case of financial hedging only, the

efficient frontier is shifted due west to F fh
CVaR by vector AG

�!
, where CVaRb Gð Þ\x;

in this case, the utility-maximizing point G can be selected. Hence the value of

Fig. 5.3 Efficient frontier analysis: Interaction between operations and finance
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optimal financial hedging without operational flexibility is

DU FHbc
�  ¼ k CVaRbc

b � CVaRfh
b

� �
þE Pfh

� � E Pbc
� 

. Under full operational

flexibility, real options shift the efficient frontier northwest to F op
CVaR by vector AB

�!
,

where the firm’s utility can be maximized at point B. However, the risk-averse firm
would choose point C as the optimal feasible point when considering the constraint
on CVaR, where CVaRb Cð Þ ¼ xop.

In integrated risk management, we distinguish two cases. First, if financial
hedging reduces CVaR to point E, where CVaRb Eð Þ ¼ CVaRint

b [
CVaRb Gð Þ ¼ CVaRfh

b , then operational flexibility and financial hedging are sub-
stitutes in risk reduction because of their interaction effects w.r.t. CVaR are
kðCVaRop

b � CVaRbc
b þCVaRfh

b � CVaRint
b Þ\0. Second, if financial hedging

reduces CVaR to point F, where CVaRb Fð Þ ¼ CVaRint
b ¼ CVaRb Gð Þ ¼ CVaRfh

b ,
then operational flexibility and financial hedging are substitutes in risk reduction
given that their interaction effects w.r.t. CVaR are kðCVaRop

b � CVaRbc
b Þ\0. Yet

the profit enhancement interaction, E Pbc
� � E Pfh

� þE Pint
� � E Pop½ �, depends

on the expected profit increments from financial hedging with and without opera-
tional flexibility as follows. If E Pint

� � E Pop½ �[E Pfh
� � E Pbc

� 
, then opera-

tional flexibility and financial hedging are complements in profit enhancement; if
E Pint
� � E Pop½ � �E Pfh

� � E Pbc
� 

; then operational flexibility and financial
hedging are strictly substitutes owing to their interaction effects (Theorem 5.2):
DU fh; op½ �\0.

We derive three managerial insights from this efficient frontier analysis. First,
operational flexibility and financial hedging can be complements. On the one hand,
operational flexibility enhances expected profit and reduces downside risk; financial
hedging minimizes downside risk yet can affect the feasible set of capacity port-
folios—and thereby profitability—only by relaxing a CVaR constraint. This result
is in line with the literature on integrated risk management (Smith and Stulz 1985;
Mello et al. 1995, 1996). On the other hand, operational flexibility can be viewed as
real options written on costs in foreign/domestic currency whereas financial
hedging via put options on foreign currency mitigates the impact of rare and
extreme low exchange rates on cash flow.

Second, operational flexibility and financial hedging can be substitutes. With
operational flexibility, financial options hedge only rare and extreme exchange rates
because greater profits can be realized by instead using real options otherwise.
Financial hedging has greater risk reduction effects when used alone. This result is
consistent with empirical evidence on the interaction between financial and oper-
ational hedging, which shows a significant reduction in the use of financial
derivatives as firms adopt more real options to manage currency risk (Aabo and
Simkins 2005; Kim et al. 2006).

Third, collaboration and coordination between operations and finance is needed
to minimize substitution effects in mean-CVaR utility, especially in risk reduction.
Hence a two-way information exchange between operations and finance is crucial:
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efficient financial hedging is based on precise estimation of cash flow distribution as
determined by operational flexibility, while the feasibility of capacity choices
relies—by virtue of the CVaR constraint—on financial hedging.

5.4 Numerical Examples

This section illustrates our main results by way of an extensive numerical study.
Examples are provided not only to demonstrate the relative effectiveness of oper-
ational flexibility and financial hedging as well as the effects of exchange rate
volatility and demand volatility but also to compare mean-CVaR and
mean-variance objectives.

The numerical study relies on optimization via simulation using Palisade
@RISK software with 32,000 uncertainty scenarios (which vary by exchange rates
and supply–demand matching states) and the following benchmark parameter
values: pi ¼ 10; ci ¼ 7; cr ¼ 7:5; csij ¼ 1; cki e

ct ¼ 0:6; ckre
ct ¼ 1:2; k ¼ 0:05; and

Ri 	Unif 0:91; 1ð Þ for i; j ¼ 1; 2 with i 6¼ j. Because the difference between VaR
and CVaR as a risk measure is negligible for normal distributions (Sarykalin et al.
2008, p. 280), for the exchange rate we choose a uniform distribution,
s	Unifð0:55; 1:45Þ (cf. Chowdhry and Howe 1999), whose interval varies with its
coefficient of variation. Demands D1 and D2 are each uniformly distributed,
Di 	Unifð25; 125Þ for i ¼ 1; 2, where again the interval varies with the coefficient
of variation. Supply, demand, and exchange rates are independent, and they jointly
characterize the ten uncertainty domains defined in Table 5.3.

Table 5.3 verifies Theorem 5.2 by showing the interaction effects between
operational flexibility and financial hedging. In this benchmark example, the
coefficient of variation in demand is d Dið Þ ¼ 0:49 and the exchange rate’s coeffi-
cient of variation is d sð Þ ¼ 0:22. Integrated risk management improves the firm’s
utility more significantly: by 15.76%, as compared with the utility increment due to
full operational flexibility (13.68%) or to financial hedging only (1.85%). The
implication is that operational flexibility and financial hedging are complements
because the value increment from integrated risk management (15.76%) exceeds
the sum of value increments (15.53%) from full operational flexibility and financial
hedging only. Operational flexibility increases expected profit by 14.24%, whereas
financial hedging has only a minor effect (2.14%) owing to the no-arbitrage
assumption; recall that financial hedging can enhance expected profit only if it
enlarges the feasible set of capacity portfolios (i.e., by relaxing a CVaR constraint).
As discussed in Sect. 4.2, operational flexibility provides the benefits of profit
enhancement and risk reduction; financial hedging minimizes risk, and its ability to
enhance profits depends on whether the CVaR constraint is relaxed. For a firm
adopting a single strategy, the relative effectiveness of these two choices depends
on the relative magnitudes of the resulting profit enhancement and risk reduction,
which in turn are functions of switching costs and the degree of risk aversion. The
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risk reduction effect from integrated risk management (40.96%) is less than the sum
(51.68%) of reduction effects from full operational flexibility (37.29%) and finan-
cial hedging only (14.39%), a result that is due to the latters’ substitution effects.
We therefore conclude that operational flexibility and financial hedging are sub-
stitutes in risk reduction.

5.4.1 Impact of Exchange Rate Variability

We next examine how exchange rate volatility affects the global firm’s capacity
investment and performance for the six strategies described in Definition 5.1. When
adjusting the exchange rate’s volatility, we allow its coefficient of variation dðsÞ to
vary between 0.17 and 0.26 while keeping the expectation E½s� at a constant level of
1.05 (in our one-period setting, exchange rate variability is assumed to move within
a certain range—for example, 30%; cf. de Grauwe 1988). The effects of increasing
exchange rate volatility are plotted in Figs. 5.4a–d.

Figure 5.4a shows that optimal total capacity is decreasing in exchange rate
volatility. Absent financial hedging, a capacity hedge (via real options) is the only
risk management instrument; this explains why, given the CVaR constraint, optimal
capacity declines rapidly as exchange rate volatility increases. When financial
hedging is employed—that is, under financial hedging only (blue curves in

Fig. 5.4 Effect of exchange rate volatility on a optimal capacity; b expected profit; c CVaR; and
d mean-CVaR
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Fig. 5.4) or integrated risk management (green curves)—optimal total capacity is
less sensitive to exchange rate volatility because the currency exposure in CVaR is
significantly reduced by financial hedging. Figure 5.4b shows that the firm’s
expected profit is increasing in exchange rate volatility under full operational
flexibility or integrated risk management, that the expected profit is much less
affected under financial hedging only or switching options only, and that the
expected profit is decreasing in exchange rate volatility for the base case and also
for reliable production only. These findings underscore that more flexibility or more
hedging (or both) increases the firm’s ability to mitigate currency risk.

Figure 5.4c illustrates the risk reduction effects of financial hedging and real
options in response to greater exchange rate volatility. The CVaR increases sig-
nificantly with exchange rate volatility for the base case and for reliable production
only, but that increase is much less under financial hedging only. In contrast, the
CVaR is significantly decreasing in exchange rate volatility for firms that employ
switching options only, full operational flexibility, or integrated risk management.
These results indicate that production switching becomes more effective at reducing
risk as exchange rate volatility increases. The expected utilities of firms that use
production switching increase with exchange rate volatility but decrease (albeit at a
slower rate) without production switching (i.e., for the base case, financial hedging
only, and reliable production only); see Fig. 5.4d.

In order to compare the difference between mean-CVaR and mean-variance
models, we conduct a numerical study by optimizing the MV objective ceteris
paribus; see Fig. 5.5. The effects of exchange rate volatility on optimal total
capacity, expected profit, and MV utility in panels (a), (b), and (d) of Fig. 5.5 are
analogous to those under the mean-CVaR model. Figure 5.5c shows that variance is
nonmonotonic in exchange rate volatility under financial hedging only or integrated
risk management. This result differs from that in Fig. 5.4c, where CVaR is (w.r.t.
exchange rate volatility) decreasing in integrated risk management but increasing
in financial hedging only. This difference stems from the use of CVaR as a
downside risk measure. Financial hedging via CVaR truncates below-threshold
payoffs in a more conservative manner, whereas variance hedging tailors both
upside potential and downside risk. We compare our results also with those from
the two-capacity MV model of Ding et al. (2007), who find that variance is slightly
increasing (w.r.t. exchange rate standard deviation) in financial hedging only or
integrated risk management. The difference here lies in our incorporation of reliable
domestic production as the third capacity. However, the result in Fig. 5.5c echoes
the finding of Ding et al. (2007) in that financial hedging makes profit variance less
sensitive to a reduction in optimal capacity.

5.4.2 Impact of Demand Variability

In order to study the effect of demand volatility, we vary the coefficient of variation
in demand, dðDiÞ, from 0.47 to 0.53 while keeping its expectation, E½Di�, at a
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constant level of 41.8. Figure 5.6a shows that optimal total capacity is decreasing in
demand volatility whereas financial hedging makes capacity investment (slightly)
less sensitive to demand volatility. The latter result follows because financial
hedging reduces currency risk and thereby alters the feasible set of capacity port-
folios w.r.t. the CVaR constraint; hence demand volatility will have less of an
impact on optimal total capacity. In Fig. 5.6b we can see that expected profit
declines owing to the reduced optimal capacity under all six strategies—an effect
that differs from the one shown in Fig. 5.4b.

In Fig. 5.6c, CVaR increases with demand volatility under all six strategies—
contra the results in Fig. 5.4c. This increase is slightly less significant with than
without financial hedging, which is consistent with demand uncertainty being a
private risk that cannot be hedged in financial markets (as argued by Chen et al.
2007b). Figure 5.6c reveals that, in comparison with Fig. 5.4c, financial hedging
and production switching are less effective in reducing demand volatility risk than
in reducing exchange rate risk. Finally, Fig. 5.6d illustrates that the net effect on
mean-CVaR is decreasing in demand volatility. The presence of financial hedging
slows down the decline in mean-CVaR utility because optimal total capacity
becomes relatively insensitive to demand volatility.

For the purpose of mean-CVaR comparisons, Fig. 5.7 shows results from the
mean-variance model (ceteris paribus). The effects of demand volatility on optimal
total capacity, expected profit, and MV utility—as plotted in panels (a), (b), and
(d) of the figure—are analogous to those under the mean-CVaR model. Figure 5.7c

Fig. 5.5 Effect of exchange rate volatility on a optimal capacity; b expected profit; c variance;
and d MV utility
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Fig. 5.6 Effect of demand volatility on a optimal capacity; b expected profit; c CVaR; and
d mean-CVaR

Fig. 5.7 Effect of demand volatility on a optimal capacity; b expected profit; c variance; and
d MV utility
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demonstrates that, with either financial hedging only or integrated risk management,
variance is nonmonotonic in demand volatility. This observation differs from that in
Fig. 5.6c, where CVaR is increasing in both financial hedging only and integrated
risk management; the difference again stems mainly from our use of CVaR to
measure downside risk. Furthermore, in the MV model with two capacities (Ding
et al. 2007), profit variance is nearly constant (w.r.t. demand volatility) under
financial hedging only or integrated risk management. That difference reflects our
addition of reliable domestic capacity and its interaction with other hedge options.

5.5 Integrated Hedging with Capacity Reshoring

This chapter explores how a global firm employs capacity reshoring, production
switching, and financial hedging to mitigate supply uncertainty, demand risk, and
exchange rate fluctuations. We adopt mean-CVaR optimization to decompose
operations and finance: operational flexibility maximizes expected profit subject to
a CVaR constraint, while financial hedging minimizes CVaR subject to a minimum
expected profit. Our main findings are as follows. First, operational flexibility and
financial hedging can be complements. Operational flexibility enhances expected
profit and reduces downside risk, whereas financial hedging minimizes downside
risk and can alter feasibility of capacity portfolios (only by relaxing the CVaR
constraint). Second, operational flexibility and financial hedging are substitutes in
risk reduction. Financial hedging has greater risk reduction effects in CVaR when
used alone. Third, collaboration between operations and finance is indispensable for
reducing substitution effects in mean-CVaR utility. Efficient financial hedging
depends on the precise estimation of cash flow distribution as determined by
operational flexibility, and the CVaR constraint renders the feasibility of capacity
choices dependent on financial hedging.

The examination of integrated risk management suggests several future research
directions. First, our one-period, two-stage program could be extended to accom-
modate multiperiod settings in which dynamic financial hedging is adopted con-
currently with long-term capacity investments. Second, since our model addresses
the case of two currency zones, it might be extended to multiple currencies. Third,
we have focused on a single firm’s production network; hence a decentralized
supply chain could be examined. Fourth, the global firm’s pricing decisions (e.g., an
exchange rate pass-through) could be incorporated under various competitive set-
tings. Finally, research can be conducted to test empirically the relative effective-
ness of operational flexibility and financial hedging; for example, Kim et al. (2006)
investigate the relationship of these strategies in mitigating currency risk.
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Chapter 6
Supply Chain Finance

This chapter offers a theoretical framework for SCF (supply chain finance) and
summarizes its applications. We start by proposing a framework for categorizing
supply chain finance instruments and then discuss their underlying mechanisms.
Next we explore the concept and empirical investigation of working capital man-
agement. Finally, we show how emerging conceptual, analytical, and empirical
research has established the value—and a foundation for development—of supply
chain finance.

6.1 Conceptual Framework of Supply Chain Finance

Although the concept of supply chain finance has been defined in various ways by
researchers and practitioners, there are typically three scopes of SCF (Steeman
2014; Liebl et al. 2016; Templar et al. 2016). These are illustrated in Fig. 6.1.

First, “supply chain finance” has been used in reference to the management of
monetary flows and financial processes in supply chain. Thus financial supply chain
management is defined as the “optimized planning, managing, and controlling of
supply chain cash flows to facilitate efficient supply chain material flows” (Wuttke
et al. 2013a). A closely related definition is that of the financial supply chain, or the
“network of organizations and banks that coordinate the flow of money and
financial transactions via financial processes and shared information systems in
order to support and enable the flow of goods and services between trading partners
in a product supply chain” (Blackman et al. 2013). Second, SCF can also be viewed
as incorporating the set of financial instruments that enhance the efficiency of
monetary flows in supply chain: “the use of financial instruments, practices, and
technologies to optimize the management of working capital, liquidity, and risk tied
up in supply chain processes for collaborating business partners” (Euro Banking
Association 2014); or “the inter-company optimization of financing as well as the
integration of financing processes with customers, suppliers, and service providers
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in order to increase the value of all participating companies” (Pfohl and Gomm
2009). Third, SCF may simply denote supplier financing as a buyer-driven payables
solution—primarily reverse factoring, in which “the lender purchases accounts
receivables only from specific informationally transparent, high-quality buyers. The
factor only needs to collect credit information and calculate the credit risk for
selected buyers, such as large, internationally accredited firms” (Klapper 2006).

The extensive variety of supply chain finance solutions can be categorized, from
diverse perspectives, in terms of timing of the trigger event, focal point of credit
risk, availability of collateral, and financed elements in the balance sheet.

With regard to trigger event timing, SCF instruments can be classified into three
categories; these are illustrated in Fig. 6.2. (1) Pre-shipment finance enables a
supplier to receive funding from a financier—based on a buyer’s purchase order—
for working capital needs (e.g., the purchase of raw materials, inventory processing,
personnel and management costs) before product delivery. Because the collateral

Fig. 6.1 Definitions of supply chain finance

Fig. 6.2 Timing-based classification of supply chain finance
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for pre-shipment finance is a purchase order instead of an invoice, the credit risk is
relatively high; hence the interest rate for advancing liquidity to the supplier is
usually high, though it could be reduced in light of a well-established buyer’s
creditworthiness. An example application of this type of SCF is the launch of a new
product; here the supplier needs capital for capacity investment in new production
facilities requested by a reputable buyer, which (together with the bank) then ini-
tiates financing for the supplier. (2) In-transit finance provides the borrower with a
loan from a financial institution, where the loan is based on product or inventory (of
a certain quantity and quality) that is currently being transported or enmeshed in
other logistics processes. The portable collateral of in-transit finance is the product
deposit in shipment, so the associated credit risk is less than in the pre-shipment
finance case; hence the loan’s interest rate is accordingly somewhat lower.
(3) Post-shipment finance establishes a line of credit from a financier for a borrower
based on (usually, discounted) accounts receivable. The collateral in this case is the
invoice, shipping document, or bill drawn on the buyer. As a consequence, the
credit risk is relatively low and the financing rate is favorable.

In terms of the focal point of credit risk, Fig. 6.3 shows the three types of SCF
instruments (cf. EBA 2014). (1) With accounts receivable finance for supplier,
liquidity solutions accelerate the transfer of accounts receivable into cash payments
in favor of the supplier by accessing capital from either a financial institution or a
buyer. Although this type of SCF instrument finances the supplier’s working
capital, the interest rate is based on the credit rating of whichever party (supplier or
buyer) guarantees the loan. (2) Inventory-related finance enables the lending of
capital to either a supplier or a buyer; because the collateral is inventory or a
purchase order (i.e., prior to issuance of an invoice), the interest rate is typically
higher than on loans collateralized by confirmed invoices. (3) Finally, accounts
payable finance for buyer offers an early payment discount and an extended pay-
ment period from the supplier—or a guarantee from a financial institution—to
ensure payment by the buyer. The credit risk and hence the interest rate depend on
the buyer’s credit rating.

From the perspective of availability of collateral, we identify two categories of
supply chain finance (cf. Navas-Alemán et al. 2012); see Fig. 6.4. First,

Fig. 6.3 Supply chain finance categorization by focal point of credit risk
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“arm’s-length” finance instruments are established based on verifiable information
or tangible collateral (e.g., invoice, bill of exchange, purchase order) and so are
associated with enforcement mechanisms in the event of nondelivery or nonpay-
ment. Thus the credit risk of arm’s-length finance instruments can be estimated
more accurately and controlled by the financial institution based on available
information about verifiable collateral. Second “relationship” finance instruments
depend on mutual trust or non-binding options in contract/agreement reflecting the
relation’s transaction history, so there is seldom any tangible collateral. The lender
in relationship finance is typically a supply chain member that has information on
the borrower’s creditworthiness and trade history in a long-term relationship; this
background enables the proper evaluation and management of credit risk by the
lender.

Finally, as regards a balance sheet’s financed elements, the three types of SCF
instruments are shown in Fig. 6.5. (1) Equity-related finance refers to fund-raising
through the sales of shares in—or the ownership transfer of—a firm; it includes a
variety of activities that range from raising capital from extant shareholders, to
initial public offerings (IPOs), to merger and acquisitions (M&A). Equity-related
finance changes the ownership structure of the related firms and therefore affects the
supply chain’s competition landscape. (2) Fixed-asset finance provides borrowers
with term loans secured by a firm’s fixed assets (i.e., tangible assets or real estate
including property, facilities, and equipment). Thus the borrower offers the financier
a security interest in the firm’s fixed assets in order to guarantee a line of credit.
(3) Working capital finance aims to fund a firm’s daily operations (rather than

Fig. 6.4 Classification of
supply chain finance based on
availability of collateral
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long-term assets or investments), such as accounts payable for raw materials and
personnel costs, to ensure sufficient liquidity in the supply chain.

6.2 Supply Chain Finance Instruments

In this section we review the supply chain finance instruments frequently employed
in practice. These instruments can be distinguished by the timing of funding, col-
lateral, beneficiary, and credit guarantee provider; see Table 6.1.

Under advance payment discount, a buyer finances the supplier by advancing
payment at a discount prior to product shipment; this is also known as “cash in
advance”. The unit discount offered by the supplier incentivizes the buyer to make
an advance payment, which can be used to fulfill the supplier’s working capital
needs. The advance payment can also alleviate the supplier’s budget constraint and
thereby mitigate the buyer’s risk of procurement shortage.

Purchase order financing is a scheme whereby small and medium-sized enter-
prise (SME) suppliers receive funding, prior to product delivery, from a financial
institution based on a reputable buyer’s (discounted) purchase order. In the absence
of a guarantee from the buyer, interest rates for this type of financing depend on the
supplier’s credit rating. When the purchase order financing loan is secured by a
reputable buyer, the supplier’s financing rate depends on the buyer’s creditwor-
thiness; this setup is called buyer-backed purchase order financing. This variant
allows an SME supplier to contract for a larger order quantity given the external
funding provided—thanks to the buyer’s credit rating—by a bank.

Under warehouse receipt finance, a financial institution loans funds to a supplier
based on a warehouse receipt that certifies—as portable collateral—the secured
storage of product in a specified quantity and quality. Figure 6.6 depicts the
sequence of events in a warehouse receipt finance scheme; here the transfer of a
warehouse receipt from supplier to financier conveys the right to withdraw a certain

Fig. 6.5 Types of supply
chain finance by financed
elements in the balance sheet
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amount of the commodity, at any time, from the secured warehouse. The financier
provides a loan up to an agreed percentage (the discounted value) of the stored
product.

Inventory pledge finance is a closely related form of funding that is provided by a
financial institution to a borrower while using secured inventory as collateral. This
form of finance can be used to fulfill working capital needs for capacity expansion,
equipment renewal, or material supply. When other types of firm assets are already
leveraged, pledged inventory can serve as collateral to secure a loan.

Trade credit refers to a contract term whereby a buyer receives a discount on the
wholesale price when payment is remitted within a specified time; a buyer that
remits later must pay, in addition to the (discounted) wholesale price, a
pre-specified interest payment. Trade credit is one of the most often used short-term
financing instruments in global trade (Rajan and Zingales 1998; Giannetti et al.
2011).

Dynamic discounting, which is based on trade credit, amounts to a discount on
the wholesale price that decreases gradually over time—unlike a fixed discount rate
for a certain number of days and then no discount afterwards. This SCF instrument
enables the buyer to receive a slightly lower discount rate after the early payment
period specified in a trade credit contract.

Factoring refers to the practice whereby a supplier receives a line of credit from
a financial institution by selling accounts receivable from a buyer at a discount for
immediate payment. In recourse factoring, the financier (factor) has the right to
require payment from the supplier for any unpaid invoice amounts; in this case, the
interest rate depends entirely on the supplier’s creditworthiness. In non-recourse
factoring, the factor assumes the buyer’s risk of nonpayment; hence the interest rate
depends on both the supplier’s and the buyer’s credit ratings.

Reverse factoring is a funding scheme initiated by a reputable buyer to provide a
guarantee for the transfer of a supplier’s accounts receivable to a financial insti-
tution. Factoring is more prevalent in developed economies, where suppliers typ-
ically have higher credit ratings; reverse factoring enables SME suppliers to obtain

Fig. 6.6 Warehouse receipt
finance scheme
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financing at a more favorable interest rate (than would otherwise be possible)
because they are backed by a reputable buyer’s consolidated invoice.

Forfaiting enables an exporter to sell accounts receivable from an importer at a
discount to a financial institution (the forfaiter). In forfaiting “without recourse”, the
financial institution bears the default risk of the importer’s payment. This SCF
instrument can transfer an exporting firm’s accounts receivable as a debt instrument
that is tradable on a secondary market.

A letter of credit is a letter from a bank to a supplier guaranteeing that a buyer’s
payment will follow, in a specified amount and on a certain date, upon the delivery
of certain documents. A letter of credit may be transferrable—that is, the benefi-
ciary (supplier) can assign, upon mutual agreement, another firm the right to draw
on that credit. The bank that issues a letter of credit typically requires pledged
securities or documents (e.g., a bill of lading) for collateral.

6.3 Working Capital Management in Supply Chains

Working capital management can be studied from both the finance and the supply
chain perspective. From a financial viewpoint, (net) working capital is defined as
current assets minus current liabilities. From a supply chain viewpoint, working
capital amounts to inventories, plus accounts receivable, minus accounts payable.
The performance of working capital is measured by the cash conversion cycle
(CCC)—otherwise known as the cash-to-cash (C2C) cycle—which is defined as
“the interval between the time cash expenditures are made to purchase inventory for
use in the production process and the time that funds are received from the sale of
the finished product. This time interval is measured in days and is equal to the net of
the average age of the inventory plus the average collection period minus the
average age of accounts payable” (Schilling 1996).

Thus the cash conversion cycle can be calculated as follows:

CCC ¼Days inventory outstanding DIOð ÞþDays accounts receivable outstanding DSOð Þ
� Days accounts payable outstanding DPOð Þ:

The three components of CCC are defined as follows:

DIO ¼ ðInventory� 365Þ=Cost of sales,
DSO ¼ ðAccounts receivable� 365Þ=Revenue;
DPO ¼ ðAccounts payable� 365Þ=Total cash operating expenses:

With respect to the timeline of events, the relationship among CCC components
is illustrated in Fig. 6.7.

In practice, a positive CCC value indicates the number of days between a firm’s
billing accounts payable and collecting accounts receivable whereas a negative
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CCC value indicates the number of days between a firm receiving payment from
customers and remitting to suppliers. A firm’s working capital performance, as
measured by CCC, is often one of its key performance indicators.

There is usually a negative correlation between the firm’s CCC value and its
profitability; the latter can be measured by several related KPIs, which include
economic value added (EVA®)1 and return on capital employed (ROCE). The
relationship between EVA and working capital management is shown in Fig. 6.8,
where NOA denotes Net Operating Assets and where A/R and A/P abbreviate
(respectively) accounts receivable and accounts payable. Economic value added is
defined as the net operating profit after taxes (NOPAT) less the cost of capital of
both equity and debt. A firm’s efforts to improve working capital management—
which is measured by CCC—may include reducing inventories and accounts
receivable as well as increasing accounts payable. That strategy leads to a reduction
in both current and fixed assets and to a higher credit rating; as a result, the firm’s
weighted average costs of capital (WACC) are lower. One benefit of the consequent
better working capital position is that a firm can release cash flow originally tied up
in daily operations, thus inducing (indirectly) a fall in production costs and thereby
a rise in operating income (cf. Hofmann and Belin 2011).

6.4 Emerging Research on Supply Chain Finance

The study of supply chain finance began with conceptual research and frameworks.
Figure 6.9 presents such a framework, one that incorporates the involved partners,
the relevant components, and the interconnections among material, monetary, and
information flows. The involved partners are suppliers who sell products to buyers,

Fig. 6.7 Cash conversion cycle. Adapted from (Dahiya 2012)

1Economic value added (EVA®) is a registered trademark of Stern Stewart Management.
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Fig. 6.8 Relationship between economic value added and working capital management. Source
Hofmann and Belin (2011)

Fig. 6.9 A framework for supply chain finance
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where transactions involving monetary flows are intermediated by a financial
institution while those involving material flows are intermediated by a logistics
service provider (LSP). The adoption of supply chain finance instruments affects the
capital that is employed—in other words, the fixed assets and net working capital of
both supplier and buyer.

The mechanism of a chosen SCF instrument determines timing of the trigger
event, the duration and amount of funding, and the financing rate based on the focal
point of credit risk, which combine to establish the cost of capital for the financed
party. An LSP’s traditional roles are to manage warehouse inventory and replen-
ishment and to optimize the logistics process by selecting the mode of trans-
portation and vehicle routing. Yet an LSP could also be a party to supply chain
finance by providing, as collateral for a loan, product inventory based on a ware-
house receipt (see Fig. 6.6) or by providing financial services in lieu of a financial
institution (e.g., PCH International serves as an intermediary for financing the
Chinese suppliers of Western buyers).

As various SCF instruments are gradually adopted in practice, the investigation
of SCF evidence has proceeded to explore its drivers, major benefits, potential
resistance, adoption process, and overall effects on supplier–buyer relationships.
Table 6.2 provides a summary of this research. Supply chain finance programs are
typically initiated by established buyers (or suppliers), financial institutions (banks),
or specialized service providers (such as LSPs) to provide financial assistance for
SME suppliers (or buyers) in need of working capital. Thus working capital
positions in the supply chain are the primary antecedents of SCF adoption and also
determine the types of SCF instruments used.

The major benefits of SCF programs rely on the reduction of financing costs for
suppliers (due to the interest spread between SMEs and established firms) or for
buyers (because of extended payment terms). These programs have the further
advantage of strengthening supply chain relationships, increasing its members’
negotiating power, and improving service (cf. Lekkakos and Serrano 2016). The
dependence between supplier and buyer—and their respective bargaining power—
are determined by the buyer’s order quantity, the ordered product’s strategic value,
and the intensity of market competition. All of these factors affect, in turn, the
product’s purchase price (Liebl et al. 2016). The SCF solutions driven by incentives
to improve the adopter’s own financial performance are typically implemented
based on bargaining power, and SCF practices driven by incentives to secure the
entire supply chain through risk mitigation efforts depend on a high level of trade
process digitalization (Caniato et al. 2016).

It is worth noting that the transmission of data in SCF transactions must comply
with the involved countries’ applicable electronic security laws. For example, the
Nacional Financiera (Nafin) development bank in Mexico facilitates SCF services
to SME suppliers supported by Internet-based management information systems
(MIS), which are implemented within the framework of the Law of Conservation of
Electronic Documents, the Electronic Signature Law, and the Federation fiscal code
(which includes digital certification standards). The Nafin program provides several
SCF products—which include factoring, reverse factoring, and purchase order
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Table 6.2 Summary of supply chain finance research

Research
method

Sample size/scope
of model

SCF instruments Examined factors References

Conceptual
research

Characterization
and elements of
supply chain
finance

Supply chain
finance framework

Institutional actors,
collaboration
characteristics,
functional
perspective of SCF

Hofmann
(2005)

Model,
conceptual
research

A borrower and an
investor in a
supply chain and
an investor in a
financial market

Internal and external
financing in supply
chain

Objects, actors, and
levers of supply
chain finance, cash
conversion cycle,
costs of capital

Pfohl and
Gomm
(2009)

Conceptual
research,
case study,
numerical
example

Supplier, receiver,
logistics service
provider, financial
service provider

Inventory financing Conflict of goals
among various
parties, additional
profit from financing
activities, value of
financed goods

Hofmann
(2009)

Conceptual
research

Automotive
supply chain

Natural hedging,
financial hedging,
supplier financing

Currency and
commodity price
risks, centralization
of commodity
purchasing,
transportation costs

Hofmann
(2011)

Case study 6 cases of
European firms

Adoption of supply
chain finance

Redefining,
restructuring,
supplier
involvement,
dissemination,
relationship strength,
SCF leverage

Wuttke
et al.
(2013a)

Case study 8 cases based on
40 interviews with
European firms

Buyer credit,
inventory/
work-in-progress
financing, reverse
factoring, letters of
credit, open account
credit, bank loan

Financial supply
chain management
practice and
performance impact,
interdepartmental
interfaces, supplier
relationships

Wuttke
et al.
(2013b)

Case study Motorola Global financial
supply chain
strategy

Quality measure of
financial processes,
financial and banking
information systems,
cash management
strategy

Blackman
et al.
(2013)

Case study 28 interviews in
11 case studies on
firms from
Europe, the US,
and China

Reverse factoring Objectives and
antecedents of
implementation,
barriers

Liebl et al.
(2016)

(continued)
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financing—to Mexican SME suppliers. More than 98% of these products operate
electronically to reduce management costs and enhance accessibility (Klapper
2006).

The main costs of establishing SCF programs are (i) management costs of
inter-organizational supply chain collaboration and of intra-firm cross-functional
coordination and (ii) investments in digital platforms for the trade process (cf.
Wandfluh et al. 2015). For instance, the Swiss Post Group offers combined logistics
and financial services in a pilot project with Procter & Gamble (P&G). Since the
retailers of P&G products in Switzerland vary considerably in size, lower credit
ratings of SME retailers could lead to higher capital costs. In this case, the order
management is bundled in a centralized logistics platform from which Swiss Post
Logistics (the LSP) provides joint logistics and financing services as a supply chain
intermediary. Swiss Post Logistics relies on information systems to serve as the

Table 6.2 (continued)

Research
method

Sample size/scope
of model

SCF instruments Examined factors References

Case study 14 firms in Italy (Reverse) factoring,
inventory financing,
dynamic
discounting, invoice
auction, VMI,
consignment stock

Collaboration,
bargaining power,
level of
digitalization,
financial
attractiveness

Caniato
et al.
(2016)

Survey 145 responses
from Swiss
companies

Financing of buyer–
supplier dyads

Buyer–supplier
information sharing,
financing alignment
and performance,
corporate financing
strategy alignment

Wandfluh
et al.
(2015)

Model,
simulation

A set of
buyer-centric
supply chains and
a bank

Adoption of reverse
factoring

Market competition,
supply chain
receivables, interest
rates, supplier’s
working capital goals

Iacono
et al.
(2014)

Model,
simulation

A SME supplier
sells to a buyer

Reverse factoring Demand variability,
profit margin, access
to external financing

Lekkakos
and
Serrano
(2016)

Model,
simulation

Supplier and
buyer

Adoption of supply
chain finance

Global and local
exposure, extension
of payment terms,
buyer’s introduction
timing

Wuttke
et al.
(2016)

Model,
simulation

A buyer and
multiple suppliers

Dynamic
discounting

Daily discount, value
of liquidity, net
operating working
capital

Gelsomino
et al.
(2016)
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bulk (wholesale) buyer of P&G products and as the provider of financial services
(e.g., invoicing, creditor management, debt collection) for retailers while incurring
lower capital costs than they would individually. Under this arrangement, then,
Swiss Post Logistics not only takes ownership of goods as an LSP but also reduces
capital costs in the supply chain by receiving quantity discounts as a financial
service provider. Thus Swiss Post Logistics can sell goods to retailers at standard
prices determined by P&G’s policies plus a logistics and finance fee (Hofmann
2009). In recent years, innovations in financial technology (FinTech) have emerged
rapidly and are expected to gain momentum continuously (EY 2017). Disruptive
innovations such as blockchain technology (which features peer-to-peer network,
cryptography and digital signature, immutability of data, and decentralized con-
sensus, see Antonopoulus 2015) can enable and enhance SCF adoption in financial
services.

The success of supply chain finance instruments depends crucially on the
resulting allocation of benefits among supply chain parties. It is recommended that
buyers with relatively higher credit ratings, ordering higher procurement quantities,
and offering longer payment terms adopt SCF at an early stage because they have
the most to gain from modern SCF instruments. In addition, working capital goals
should be specified to align incentives in supply chain collaboration and
cross-functional coordination. The SCF team needs to work closely with managers
from the procurement, operations, IT, legal, treasury, and finance departments.
Moreover, the extent of digitalization plays a key role in providing the real-time
transparency of supplier invoice processing and other functions. Ensuring that a
corporation’s enterprise resource planning (ERP) system is compatible with the
SCF platform typically requires both managerial effort and technical modifications.
Buyers can categorize suppliers based on their strategic importance and credit-
worthiness, bringing the most crucial ones onboard first and then gradually
incorporating more suppliers into the system. Even though an SCF program benefits
SME suppliers the most, in practice it is larger suppliers that first join the pilot
programs (in anticipation of those programs’ off-balance sheet effects). The SME
suppliers join later—following the initial success of SCF adoption (Wuttke et al.
2013a, 2016).
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Chapter 7
Managing Supplier Financial Risk
with Pre-shipment Finance Instruments

In this chapter, we present a stylized model for managing supplier financial distress
risk by two pre-shipment finance instruments: advance payment discount
(APD) and buyer-backed purchase order finance (BPOF). We analyze the mecha-
nisms of APD and BPOF, respectively. Next, we characterize the equilibria
between APD and BPOF in both single-financing and dual-financing schemes.
Moreover, we show numerically the effects of demand variability and the retailer’s
internal capital level on the financing equilibrium and supply chain efficiency. We
conclude with a brief summary and directions for future research.

7.1 Trade Finance Instruments

Financial distress of suppliers can strongly affect supply chain efficiency. For
example, in February 2008, Chrysler temporarily closed four assembly plants and
canceled one shift at a fifth plant—citing a parts shortage after its supplier, Plastech,
filed for Chap. 11 bankruptcy protection (Nussel and Sherefkin 2008). A buyer can
alleviate its supplier’s financial distress via trade finance instruments (Chauffour
and Malouche 2011). In particular, a buyer can finance a supplier by advancing
payment at a discount prior to product shipment; this procedure is referred to as
“cash in advance”.1 Figure 7.1 shows a 2008 International Monetary Fund estimate
on the market share of trade finance instruments, where advance payment discount
(APD) represents 19–22% (i.e., 3–3.5 trillion US dollars) of global trade finance.
In the literature on supply chain finance, bank finance and trade credit (i.e., open
account) have been frequently addressed (Jing et al. 2012; Kouvelis and Zhao 2012;
Cai et al. 2014). In contrast, there is a dearth of research on advance payment

1The only (minor) difference between cash in advance and advance payment discount is whether
the supply contract includes a unit discount. Thus APD can be seen as the special case of cash in
advance in which the buyer receives such a discount.
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discount despite its prevalence in practice. Hence, this chapter aims to assess the
value of APD in managing supplier financial distress.

Another trade finance instrument to mitigate the supplier’s capital constraint is
buyer-backed purchase order financing (BPOF), whereby a financial institution
provides a loan based on a purchase order—guaranteed by the buyer—to fund the
supplier before order delivery (Martin 2010; Tice 2010). A program of this type was
launched by Nacional Financiera (Nafin), the Mexican state-owned development
bank (Klapper 2006). Furthermore, the specialty lender PurchaseOrderFinancing.
com has secured more than $750 million since 2002 to boost US, UK, Canadian, and
Chinese business growth (PurchaseOrderFinancing.com 2016). However, relatively
less attention has been paid to buyer-backed purchase order financing in spite of its
emergence as a viable trade finance instrument. Therefore, our research attempts to
evaluate the impact of BPOF and its interaction with APD in a budget-constrained
supply chain.

In sum, we seek to address the following research questions.

1. Which financing strategy (APD or BPOF) is more efficient and should be chosen
by the retailer?

2. What is the financing equilibrium of APD and BPOF when both instruments can
be adopted?

3. How do the retailer’s optimal sourcing and financing decisions affect supply
chain efficiency?

To answer these questions, we first analyze respectively the mechanisms of APD
and BPOF in a capital-constrained supply chain of one small- and medium-sized
enterprise (SME) supplier and an established retailer. Moreover, we derive the
financing equilibrium between APD and BPOF and show that the equilibrium
region of APD is increasing in both the retailer’s internal capital level and demand
variability. Hence, greater demand uncertainty increases the need for risk sharing in
the supply chain. When both trade finance instruments are viable, the retailer prefers
APD and will initiate BPOF only under certain conditions. That is, the sourcing of
capital from the retailer has a higher priority than the borrowing of capital from a
financial institution. In addition, we find that there are considerable costs of com-
petition penalty when demand variability and the retailer’s internal capital level
(respectively) are within certain intervals. Hence, incentive alignment between
supply chain partners is crucial for mitigating competition penalty.

Fig. 7.1 Trade finance arrangements by market share (Chauffour and Malouche 2011; BU Berne
Union)
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7.2 A Supply Chain with APD and BPOF

We consider a supply chain consisting of one SME supplier and one established
retailer. All parties are assumed to be risk neutral. The retailer (she) orders q units of
a product from the supplier (he), who has capacity K. Both the supplier and retailer
operate with limited amounts of internal capital before shipment, thus either may be
capital constrained. The retailer and supplier have long-term capital structures
financed solely by equity and have short-term debts due before the sales season.
Thus both firms face risk of financial distress before shipment, which occurs (or not)
depending on whether internal assets are enough to cover loan obligations. The
supplier has internal asset As and short-term debt Ls. The supplier’s asset As is
assumed to be stochastic and not realized until the sales season (cf. Babich 2010;
Hortaçsu et al. 2011; Yang et al. 2015). It has the cumulative distribution function
(CDF) U Asð Þ, probability density function (PDF) / Asð Þ, and As 2 As;As

� �
for

0�As\As �1. Financial default is associated with a realization of the asset

below threshold fAs . The supplier’s short-term debt Ls is deterministic and will be
due before the sales season.2 As an established firm, the retailer has a higher credit
rating with the financial institution than the SME supplier. Our notation and
assumptions are summarized in Table 7.1.

The supplier is capital-constrained, and the retailer could also experience
financial distress when she provides financing to the supplier. For instance, both
GM and Chrysler have undergone Chap. 11 reorganization in 2009 while offering
financial assistance to SME suppliers (Marr 2009). We assume that the retailer’s
asset and liability are deterministic.3 The capital market is imperfect. That is, when
a firm cannot repay debt obligations, it can either be liquidated or negotiate with
creditors while enduring a costly reorganization process. In case of liquidation, the
cost of financial default is a proportion 1� c (0\c\1) of firm value. In case of
reorganization, the cost of financial distress is a proportion 1� a (0\a\1) of
raised capital (Leland 1994; Gamba and Triantis 2014).

Demand D is stochastic and not realized until the sales season. The demand
distribution function FðDÞ is absolutely continuous with density f ðDÞ[ 0 and
support a; b½ Þ for 0� a\b�1; it has a finite mean and an inverse F�1ðDÞ. The
hazard rate hðDÞ, f ðDÞ=�FðDÞ is increasing in D, where �FðDÞ ¼ 1� FðDÞ.
HðDÞ,DhðDÞ denotes the generalized failure rate; then HðDÞ is monotonically
increasing in D. Suppose that F has a strictly increasing generalized failure rate
(IGFR), and hðDÞ ¼ Df ðDÞ=ð1� FðDÞÞ. Without loss of generality (w.l.o.g.), the

2In practice, this refers to the case in which the supplier has been informed by debt holders about
the amount and due date of liabilities, while the value of internal asset is subject to market
variables (e.g., interest rates and commodity prices). Since this leads to the stochastic internal
capital level, adding stochasticity to debt will not alter the structure of our main results.
3An established firm (large corporation) typically employs financial hedging to mitigate the impact
of market dynamics (incl. commodity price, exchange and interest rates). Hence, the value of her
asset and liability can be viewed as deterministic in a short term.
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Table 7.1 Summary of notation and assumptions

Symbol Description Assumptions

pi The expected profits of the supplier, retailer,
and financial institution

i ¼ s; r; c*

Ai Asset level of supplier/retailer Exogenous, i ¼ s; r

Li Short-term debt of the supplier/retailer due
before order delivery

Exogenous, i ¼ s; r

D Product demand Exogenous, stochastic

f ð�Þ The probability density function (PDF) of
demand distribution

Exogenous, f ðDÞ[ 0

Fð�Þ The cumulative distribution function
(CDF) of demand distribution

Exogenous, FðDÞ has support
a; b½ Þ for 0� a\b�1

�Fð � Þ The complementary cumulative distribution
function (CCDF) of the demand distribution,
�FðDÞ ¼ 1� FðDÞ

Exogenous

hð�Þ The failure rate of the demand distribution,
h �ð Þ ¼ f ð�Þ=�Fð�Þ

Exogenous, increasing in D

/ð�Þ The PDF of the supplier’s asset distribution Exogenous,
As 2 As;As

� �
for 0�As\As �1

Uð�Þ The CDF of the supplier’s asset distribution Exogenous
�Uð�Þ The CCDF of the supplier’s asset

distribution, �UðAsÞ ¼ 1� UðAsÞ
Exogenous

K Capacity of the supplier Decision variable, K 2 Rþ
q Order quantity of the retailer to the supplier Decision variable

w Unit wholesale price Decision variable,
p[w[ cp þ ck

d Discount rate of the retailer’s advance
payment to the supplier before order delivery

Decision variable,
d 2 0; w�cp�ck

w

� �
cp Unit production cost of the supplier Exogenous, deterministic,

w[ cp þ ck
ck Unit capacity cost of the supplier Exogenous, deterministic,

w[ cp þ ck
p Unit product price Exogenous, deterministic, p[w

a Proportional distress cost stated as a portion
ð1� aÞ of raised capital upon reorganization

Exogenous, deterministic,
a 2 ð0; 1Þ

b Portion of orders at wholesale price in
dual-financing scheme

Decision variable, b 2 ½0; 1�

c Proportional liquidation cost stated as a
portion ð1� cÞ of firm value upon financial
default

Exogenous, deterministic,
c 2 ð0; 1Þ

d Portion of the financial institution’s loss
compensated by the retailer upon supplier
liquidation

Exogenous, d 2 ð0; 1Þ

k Portion of purchase order value received by
the supplier from the financial institution

Decision variable,
k 2 0; �k

� �
; �k 2 ð0; 1Þ

(continued)
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risk-free interest rate rf is normalized to zero (Brennan et al. 1988; Jing et al. 2012);
this allows us to concentrate on the effective rate of APD and BPOF (i.e., the actual
rate above risk-free rate).

Buyer-backed purchase order financing is the only pre-shipment option for
external financing. In this case, the retailer initiates a tripartite agreement with a
financial institution to provide the supplier with a BPOF loan based on the retailer’s
guarantee. Figure 7.2 depicts the sequence of events in BPOF. In this setting, other
types of external financing are not accessible to the SME supplier because of his
low credit rating.

Hence, the loan interest rate offered by commercial banks to the supplier is
assumed w.l.o.g. as rs ¼ 1. We assume that a backup supplier is not available. In
practice, this captures two cases: (i) when there is no alternative supplier; and
(ii) when the lead time needed to qualify a backup supplier is prohibitively long.
For instance, BMW sources the sun roofs for its Z4 convertible from the supplier
Edscha, which filed for bankruptcy in February 2009. Even if BMW could find an
alternative supplier, at least six months would elapse before the new company could
start producing the convertible top (Sodhi and Tang 2012). These considerations
lead the buyer to seek pre-shipment finance instruments to fund the supplier’s
working capital.

Since neither APD nor BPOF can be realized without the retailer’s agreement, she
will be able to choose between these two financing strategies. In order to focus on
financing schemes, our model is based on a wholesale price only contract owing to its
simplicity and wide use in practice. In order to avoid the cost offinancial distress and

Table 7.1 (continued)

Symbol Description Assumptions

r Interest rate of BPOF loan offered by the
financial institution to the supplier

r� 0

rf Risk-free interest rate rf ¼ 0

rs Commercial bank interest rate for the
supplier

rs ¼ 1

*Throughout the chapter we use “s”, “r”, and “c” (for creditor) to denote the “supplier”, “retailer”,
and “financial institution”, respectively

Fig. 7.2 Sequence of events
in buyer-backed purchase
order financing

7.2 A Supply Chain with APD and BPOF 125



bankruptcy, the SME supplier may opt to install less capacity. Thus, the retailer is
incentivized to assist the supplier with financing and thereby ensure order delivery.
Capacity building is associated with lead time, and there is no lead time for pro-
duction. Before the sales season, the supplier installs his capacity K 2 Rþ at unit
capacity cost ck. Then he manufactures at unit production cost cp during the sales
season. The salvage value of capacity is zero.

The timeline of events is presented in Fig. 7.3. First, the retailer offers wholesale
price w to the supplier. If the supplier accepts the wholesale price, he will offer the
unit discount rate d. The supplier ensures wð1� dÞ[ cp þ ck for his profitability.
Then the retailer decides on an order quantity q and chooses the financing strategy
(i.e., APD or BPOF). The supplier determines his capacity K based not only on the
retailer’s order quantity but also on the extent to which his working capital is
financed. In order to discourage underinvestment by a financially distressed supplier,
the retailer is incentivized to provide pre-shipment finance through APD or BPOF. If
the retailer chooses APD, she pays the supplier before product shipment. If the
retailer chooses BPOF, she provides a guarantee such that a financial institution offers
a BPOF contract ð�k; rÞ to the supplier based on the retailer’s credit rating. Here
�k 2 ð0; 1Þ is the upper bound on the share of the purchase order that the financial
institution is willing to lend, and r is the BPOF interest rate. If the supplier accepts the
BPOF contract then he set (to the extent allowed by that contract) a borrowing level
k 2 0; �k

� �
, after which he receives BPOF in the amount of kwq from the financial

institution. Then the supplier’s stochastic internal asset level is realized. Short-term
debts of both the supplier and retailer are due before demand realization.

The sales season begins and demand is realized, then the supplier produces and
delivers to the retailer. In the base case, the retailer pays minðq;KÞ to the supplier.
In APD, the retailer would receive a refund from the supplier if any prepaid order
quantity is not fulfilled. In BPOF, if the supplier operates in continuation or
undergoes reorganization then the retailer pays the total purchase order amount to
the financial institution, which deducts the BPOF loan’s principal and interest and
then pays the supplier the balance. If the supplier is in liquidation, then (i) the
financial institution seizes the supplier’s liquid assets and (ii) the retailer pays a
previously negotiated portion d of the financial institution’s loss as compensation,
because the BPOF loan was backed by her guarantee. The retailer sells products to
customers at a unit price p that is determined by the market. We assume p[w to
ensure that the retailer is profitable. Unmet demand is lost, and the salvage value of
unsold product is zero.

Fig. 7.3 Timeline of events
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7.2.1 Centralized and Decentralized Benchmarks

To establish benchmarks for a capital-constrained supply chain, we analyze the
cases of centralized and decentralized supply chains that do not exhibit financial
distress. In a centralized supply chain, an integrated firm with ample internal capital
makes capacity decisions geared to achieving optimal channel-wide expected profit.
The expected profit of an integrated firm that has made capacity decision K is4

pcsc Kð Þ ¼ ðp� cpÞEmin K;Dð Þ � ckK: ð7:1Þ

The profit function is concave, and the optimal solution is Kcsc ¼ F�1ðp�cp�ck
p�cp

Þ.
In a decentralized supply chain, both the retailer and supplier have sufficient

internal capital. The retailer’s problem is equivalent to (1) except that she orders
inventory at wholesale price w instead of producing it at cost cp and ck. Hence her
expected profit is

pdscr q;wð Þ ¼ pEmin D;min q;Kð Þð Þ � wminðq;KÞ: ð7:2Þ

The profit function is concave, and its optimal solution is qdsc ¼ F�1 p�w
p

� �
. In

contrast, for a centralized supply chain the optimal solution is

qdsc ¼ F�1 p�w
p

� �
\Kcsc ¼ F�1ðp�cp�ck

p�cp
Þ; this expression reflects the result of

“double marginalization” (Spengler 1950).
The supplier anticipates the retailer’s order for any wholesale price. He faces

demand curve qdscðwÞ and chooses optimal capacity Kdsc to maximize his profit:

pdscs K;wð Þ ¼ w� cp
� �

min q;Kð Þ � ckK: ð7:3Þ

We follow the approach of Lariviere and Porteus (2001, p. 295) and write the
supplier’s inverse demand curve as w qð Þ ¼ p�FðqÞ. We define q̂ as the least upper
bound on the set of points such that vðqÞ� 1. Here the price elasticity of the
retailer’s order is v qð Þ ¼ �wðqÞ=½qdwðqÞ=dq� if we assume that v0 qð Þ� 0 for q 2
½a; bÞ and q̂ 2 ½a;1Þ.
Lemma 7.1 In a decentralized supply chain with sufficient capital, the supplier’s
first-order condition is

p�F Kdsc�� �
1� h Kdsc�� �� � ¼ ck þ cp: ð7:4Þ

4We shall use “csc” and “dsc” to denote (respectively) the “centralized supply chain” and “de-
centralized supply chain” benchmarks. For brevity we use q, w, and K to denote (respectively) qi,
wi, and Ki for i ¼ csc; dsc; bc; bpof; apd; df, where “bc” denotes “base case” and “df” denotes
“dual financing”.
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The supplier’s profit is unimodal on ½0;1Þ, linear and strictly increasing on
½0; aÞ, strictly concave on ½a; q̂�, and strictly decreasing on ðq̂;1Þ. The optimal
solution qdsc to Eq. (7.4) is unique and must reside on the interval ½a; q̂�. The
supplier’s optimal capacity is Kdsc ¼ qdsc, his optimal sales quantity is either qdsc

or a, and the optimal wholesale price is wdsc ¼ p�F qdsc
� � ¼ ck þ cp

1�h qdscð Þ.
Proof. All proofs are given in the Appendix (available on request).

7.2.2 Base Case

In this case, one established retailer orders from one SME supplier, where each
party could be capital constrained and neither APD nor BPOF is viable. Hence, the
retailer’s expected profit is pbcr q;wð Þ ¼ pEmin D;min q;Kð Þð Þ � wbc min q;Kð Þ.
Suppose the capital-constrained supplier’s capacity decision is Kbc; then his profit
function is

pbcs K;wð Þ ¼
w� cp
� �

min q;Kð Þ � ckK in continuation,
w� cp
� �

min q;Kð Þ � ckK � 1� að ÞðLs � As þ ckKÞ in reorganization,
0 in liquidation:

8<:
If the supplier’s liquid asset is able to cover current obligations (i.e., if

As � Ls þ ckK) before order delivery, then the supplier continues his operations.5

Otherwise, the supplier chooses between two alternatives to bankruptcy, reorga-
nization or liquidation; he chooses the latter only if the cost of financial distress
exceeds the firm’s operating profit under reorganization (Yang et al. 2015). That is,
if the supplier expected profit after reorganization is positive, then he will opt to
undergo a costly reorganization process. Therefore, the supplier’s probability of

continuation is PrðcÞ ¼ UðcAsÞ for cAs , Ls þ ckK, the probability of liquidation is

PrðlÞ ¼ UðfAsÞ for fAs , Ls þ ckK � ðw�cpÞ min ðq;KÞ�ckK
ð1�aÞ , and the probability of

reorganization is PrðrÞ ¼ UðcAsÞ � UðfAsÞ. In order to avoid the costs associated
with financial distress or default, a supplier may install less capacity (i.e. under-
investment) than the retailer’s order quantity.

In case of liquidation, the supplier’s profit is zero thus his optimal capacity
Kbc� ¼ 0. In the scenarios of continuation and reorganization, the supplier’s optimal
capacity decisions Kbc can be derived from the first-order conditions (FOCs):

5The conditions for continuation, reorganization, and liquidation can be readily derived, throughout
the chapter, using similar logic. So to ease the exposition, hereafter we omit the corresponding
analytical expressions.
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p�F Kbc�
� �

1� h Kbc�
� �� � ¼ cp þ ck in continuation,

p�F Kbc�
� �

1� h Kbc�
� �� � ¼ cp þ 2� að Þck in reorganization

ð7:5Þ

The supplier’s optimal capacity can be derived by taking the weighted average

of the optimal capacity in each scenario. Here wbc� ¼ ðcp þ ckÞPrðcÞþ ðcp þð2�aÞckÞPrðrÞ
1�h Kð Þ .

The FOCs indicate that the supplier trades off the marginal benefit of unit pro-
duction against the marginal cost of unit capacity.

7.3 Financing with APD or BPOF

To establish the basis for analyzing the financing equilibria of APD and BPOF, we
first examine the cases where only one of the two instruments is viable in the focal
supply chain.

7.3.1 Buyer-Backed Purchase Order Financing

We start with the case in which the retailer adopts only buyer-backed purchase
order financing. Hence, she contacts a financial institution to establish a line of
credit for the supplier based on her purchase order (see Fig. 7.2).

Recall from Sect. 2.1 that the retailer initiates BPOF by providing a loan
guarantee (on the supplier’s behalf) to the financial institution, which then offers a
BPOF contract ð�k; rÞ to the supplier. A supplier who accepts a BPOF contract can
choose a borrowing level k 2 ½0; �k�, whereafter he receives a BPOF loan kwq from
the financial institution. If the supplier repays his short-term debt Ls prior to product
shipment, then he continues to operate in the sales season; otherwise, the supplier
files for bankruptcy and chooses between reorganization and liquidation. The
supplier liquidates when his internal asset falls below the threshold valuefAs ¼ Ls þ ckK � kwq� ðw�cpÞmin ðq;KÞ�ckK�kwqr

1�a , thus the probability of liquidation

is PrðlÞ ¼ U fAs

� �
. The supplier ships his products after demand realization. In the

event of continuation (continued operation) or reorganization, the retailer pays back
the financial institution, which deducts the BPOF loan principal and interest before
remitting the balance to the supplier. In the event of liquidation, however, the POF
loan is in default; then the financial institution receives the supplier’s liquid assets
and the retailer—as guarantor of the supplier’s credit—pays a previously deter-
mined portion (d) of the financial institution’s loss. Any additional fees charged by
the financial institution are normalized to zero because they are usually small and
do not affect our structural results.
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We use backward induction to derive optimal decisions in the supply chain. In
BPOF-only scenario, the retailer’s expected profit is

pbpofr q;wð Þ ¼ pEmin D;min q;Kð Þð Þ � wmin q;Kð Þ

�
Z eAs

As

dfkwq� c ðw� cpÞmin ðq;KÞ � ckK � kwqrþAs � Ls
� �g/ðAsÞdAs:

ð7:6Þ

The retailer will agree to guarantee the supplier’s credit if her expected profit
from initiating BPOF exceeds that in the base case—that is, if
pbpofr q;D;Kð Þ� pbcr q;D;Kð Þ. Hence the likelihood of buyer participation in BPOF

declines as the supplier’s liquidation probability U fAs

h i
increases.

The supplier makes operational and financial decisions to maximize his profit:

pbpofs K;w; kð Þ ¼
w� cp
� �

min q;Kð Þ � ckK � kwqr in continuation,
w� cp
� �

min q;Kð Þ � ckK in reorganization,
� 1� að ÞðLs � As � kwqþ ckKÞ � kwqr

0 in liquidation:

8>><>>:
We denote the supplier’s break-even BPOF interest rate as r̂, and his optimal

borrowing level (k�) is defined in Proposition 7.1.

Proposition 7.1 In the case of buyer-backed purchase order financing only, the
supplier’s optimal borrowing level is

k� ¼
arg max

k2ð0;�k�
ps k;w;Kð Þ if r\1� a and r� r̂;

0 otherwise;

(

In case of liquidation, his optimal capacity Kbpof� ¼ 0:Otherwise Kbpof� satisfies
the FOCs

p�F Kbpof�
� �

1� h Kbpof�
� �� � ¼ cp þ ck in continuation;

p�F Kbpof�
� �

1� h Kbpof�
� �� � ¼ cp þ 2� að Þck in reorganization:

ð7:7Þ

Proposition 7.1 indicates that if capital constraints lead the supplier to under-
invest in capacity, then the risk of that scenario’s transpiring can be mitigated by
BPOF at the cost of an interest payment. The condition for a positive borrowing
level, i.e., r\1� a and r� r̂ ensures the financing cost of BPOF is lower than
proportional distress cost and is profitable for the supplier. If the BPOF loan is

sufficient to fund the supplier’s working capital (�k� ckKbpof þ Ls�As

wqbpof ) and r� r̂, then

the supplier invests in capacity Kbpof ¼ qbpof ¼ F�1 p�w
p

� �
, i.e., as if he were not

capital constrained. In other words, the supplier can make his operational decisions
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without considering financial constraints provided the BPOF loan is sufficient for
his working capital needs.

Anticipating the supplier’s response, the financial institution decides on ð�k; rÞ to
maximize its expected profit:

pc ¼�UðfAsÞkwqr

þ
Z eAs

As

1� dð Þfc w� cp
� �

min q;Kð Þ � ckK � kwqrþAs � Ls
� �� kwqg/ðAsÞdAs:

ð7:8Þ

The first term on the right-hand side is the financial institution’s expected payoff
when the supplier is in continuation or reorganization, and the second term is its
expected payoff when the supplier defaults and liquidates. Although the exact
number of BPOF providers is not easy to estimate, the New York Times reports that
there are at least six major BPOF companies in the US market (Martin 2010). We
therefore assume that the BPOF lending market is competitive, from which it
follows that the financial institution has a zero expected payoff:

kwqr �U fAs

� �
� 1� dð ÞU fAs

� �
c

h i
þ

Z eAs

As

1� dð Þ

c w� cp
� �

min q;Kð Þ � ckK þAs � Ls
� �

/ðAsÞdAs ¼ 1� dð ÞU fAs

� �
kwq:

ð7:9Þ

.

Equation (7.9) reveals that r increases with k when �U fAs

� �
[ ð1� dÞU fAs

� �
c. In

other words, if the joint probability of continuation and reorganization is greater than
the liquidation probability multiplied by both the bankruptcy cost ratio and the loss
compensation factor—a condition frequently satisfied in practice—then the financial
institution will charge a higher interest rate if the supplier’s expected borrowing level
is higher. The underlying reason is that lending risk increases with loan size.

Buyer-backed purchase order financing enables the supplier to receive working
capital funding from a financial institution based on the retailer’s credit rating,
which creates a “win–win–win” situation by providing three benefits: (i) mitigating
the retailer’s supply shortfall due to the supplier’s financial distress, (ii) financing
the supplier’s working capital to ensure that orders are fulfilled (at the cost of BPOF
interest), and (iii) yielding the financial institution the BPOF interest payment. In
comparison with advance payment discount that transfers capital within the supply
chain, using a financial institution’s capital via BPOF enables the supplier to fulfill
order requirements and the retailer to extend payment terms.

Our observations are in line with empirical evidence that BPOF benefits not only
supplier and buyer but also the financial institution (Klapper 2006; Navas-Alemán
et al. 2012). For the supplier, BPOF reduces transaction and borrowing costs.
Buyer-backed purchase order financing offers working capital at favorable rates,
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which provides instant liquidity by reducing days sales outstanding (DSO) and
thereby accelerates the cash-to-cash (C2C) cycle (Farris and Hutchison 2002). From
the buyer’s perspective, since her accounts payables are managed by a financial
institution, her administrative costs of processing different payment terms with
multiple suppliers are reduced. By financing the suppliers’ working capital, the
buyer can enhance her reputation and relationships with SME suppliers. For the
financial institution, BPOF helps to develop relationships with suppliers. For
example, credit histories of SME suppliers can be assembled based on BPOF.
Since BPOF involves only high-quality receivables, financial institutions can
expand their operations without increasing credit risk.

7.3.2 Advance Payment Discount

In this case, the retailer adopts only advance payment discount. Here we assume
that the retailer purchases the total order quantity at a discounted price before order
delivery (this assumption is generalized in Sect. 4.2). Although the retailer is not at
risk of bankruptcy, she may be subject to short-term financial distress if she finances
the supplier solely via advance payment discount. The retailer offers wholesale
price w and the supplier offers advance payment discount rate d 2 0; w�cp�ck

w

� �
.

Then the retailer decides on order quantity q, adopts APD only by paying
wqapdð1� dÞ to the supplier before product shipment, and will receive wð1� dÞ
ðqapd � KapdÞþ after delivery in case any amount ordered is not fulfilled.

In this APD-only scenario, the supplier receives total order payment before
product delivery. When APD is sufficient to fund the supplier’s working capital
ðwð1� dÞq� ckK� þ Ls � AsÞ, he can set his optimal capacity Kapd� ¼ qapd

�

without experiencing financial distress, and his profit is papds K;wð Þ ¼
wð1� dÞ � cp
� �

minðq;KÞ � ckK. In contrast, the retailer with initial asset Ar and
short-term liability Lr (due before order delivery) might incur financial distress. Given
her internal asset, the retailer chooses APD as long as it does not lead to bankruptcy
with liquidation (otherwise, the retailer will not adopt APD); her aim is to maximize
the expected profit papdr K;wð Þ ¼ pEmin D;minðq;KÞ½ � � w 1� dð Þminðq;KÞ �
1� að Þ Lr þw 1� dð Þq� Ar½ �þ :
Proposition 7.2 In case that advance payment discount is sufficient to fund the
supplier’s working capital, the retailer’s optimal order quantity qapd satisfies

p�F qapd
� � ¼ w 1� dð Þ in continuation;

p�F qapd
� � ¼ w 1� dð Þ 2� að Þ in reorganization:

ð7:10Þ

Moreover, qapd � qdsc if and only if 1� dð Þ 2� að Þ� 1.
This proposition demonstrates the retailer’s trade-off between marginal effect of

advance payment discount and unit cost of financial distress when the retailer’s

132 7 Managing Supplier Financial Risk with Pre-shipment …



internal asset level is below a certain threshold (Ar\Lr þw 1� dð Þqapd). When the
effective wholesale price (i.e., the price that determines the retailer’s order quantity)
we ,w 1� dð Þ½1þ 1� að Þ1Lr þw 1�dð Þqapd [Ar

� does not exceed w, the channel
coordination benefit of APD dominates the financial distress effect; hence
qapd � qdsc. In one special case where a well-established retailer endowed with
internal capital reserves and thus immune to financial distress, we �w. Thus the
APD’s channel coordination effect is guaranteed: qapd � qdsc. If the effective
wholesale price we [w, then the channel coordination benefit of APD is dominated
by its financial distress effect and thus qapd\qdsc.

The retailer benefits from APD’s channel coordination effect but at the cost of
potential financial distress. The supplier also benefits from that effect as well as
from the faster collection of receivables (Farris and Hutchison 2002). Both APD
and BPOF can relieve the supplier’s capital constraint: BPOF increases the supply
chain’s overall financing capacity by borrowing capital from a financial institution,
whereas APD transfers monetary flows from voluntary to binding positions within
the supply chain. In addition to mitigating the supplier’s budget constraint, advance
payment discount reduces the wholesale price and thus yields a coordination benefit
for the supply chain (though at the cost of the retailer’s possible financial distress).

7.4 Interactions Between APD and BPOF

So far we have derived the respective optimal decisions in supply chain under APD
and under BPOF. If both APD and BPOF are viable then one question naturally
arises: which trade finance instrument(s) will be selected in the financing equilib-
rium? To answer this question, Sect. 4.1 characterizes the retailer’s optimal choice
between APD and BPOF when only one of the two instruments can be adopted. In
Sect. 4.2, we present the optimal financing and operational decisions when both
APD and BPOF can be chosen simultaneously.

7.4.1 Single Financing Equilibrium Between APD
and BPOF

When either APD or BPOF alone is sufficient to fund the supplier’s need for
working capital (i.e., when wq��k� ckK� þ Ls � As and w 1� dð Þq� ckK� þ
Ls � As), the retailer will choose one of the instruments in single-financing scheme.
We assume w.l.o.g. that the retailer chooses APD over BPOF if she is indifferent
between them.

Theorem 7.1 Under single financing, there exists a unique threshold of the
retailer’s internal asset level xr such that she prefers BPOF if and only if Ar\xr.
Otherwise, the retailer chooses APD.
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This threshold of the retailer’s internal asset implies that the optimal financing
depends: (i) under APD, on the trade-off between the benefit of channel coordi-
nation and the cost of financial distress; and (ii) under BPOF, on the trade-off
between the benefit of a secured supply and the cost of a credit guarantee in case the
supplier liquidates. Although the retailer pays a lower price in APD than in BPOF,
she then faces increased inventory risk (because the order quantity is greater) in
addition to the risk of financial distress. When the retailer’s internal asset level is so
high that financial distress is not a concern, she always prefers APD to BPOF.

Theorem 7.1 indicates that a more wealthy buyer prefers using internal sources
of capital to fund the supplier whereas a less wealthy buyer—whose credit rating is
higher than her supplier’s—should leverage that interest rate spread to borrow
capital from a financial institution. The implication is that APD is most suitable for
a supply chain consisting of a capital-constrained supplier and an established
retailer whose high internal asset level precludes financial distress; this follows
because the retailer prefers APD to BPOF provided the former’s channel coordi-
nation benefits dominate her concerns about financial distress. These observations
conform with the empirical finding that APD accounts for 19–22% of global trade
finance (Chauffour and Malouche 2011), since established and wealthier retailers
with larger trade volumes are more likely to adopt APD. Because BPOF transfers
credit risk from a distressed supplier to a high-quality buyer, it is frequently used for
transactions between a buyer in a developed economy and an SME supplier located
in a developing economy (Gold and Jacobs 2007; USAID 2011a, b).

7.4.2 Dual Financing with Both APD and BPOF

If either APD or BPOF alone is not sufficient to cover the supplier’s working capital
needs, then both instruments can be adopted in a dual-financing scheme. Under
dual financing, the retailer orders qdf ¼ q1 þ q2 from the supplier. The terms q1 ¼
ð1� bÞqdf and q2 ¼ bqdf (b 2 ½0; 1�) denote the respective order quantities paid at
advance discount before shipment and at wholesale price after delivery. The retailer
maximizes her profit by jointly choosing the total order quantity qdf and the portion
of order quantity paid at wholesale price b. Dual financing is viable when the
following two conditions hold: (i) the BPOF loan is insufficient to cover the sup-
plier’s working capital (i.e., wq�1�k\ckK� þ Ls � As; this generalizes the assumption
in Sect. 4.1); and (ii) the retailer’s partial payment via APD is insufficient to cover
the supplier’s working capital needs (i.e., w 1� dð Þq�1\ckK� þ Ls � As; this relaxes
assumptions in Sects. 3.2 and 4.1). Therefore, dual financing represents the general
case of pre-shipment finance.

In a dual-financing scheme, the retailer chooses ðqdf ; bÞ in order to maximize her
expected profit: pdfr q;wð Þ ¼ pEmin D; qdf

� �� wq2 � w 1� dð Þq1 � 1� að Þ Lr þ½
w 1� dð Þq1 � Ar�þ :
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Theorem 7.2 If dual financing is sufficient to fund the supplier’s working capital,
the retailer’s optimal order quantity satisfies the FOCs

pF qdf
� � ¼ p� w 1� dð Þ � bwd in continuation;

pF qdf
� � ¼ p� ð2� a� bþ abÞw 1� dð Þ � bwd in reorganization:

ð7:11Þ

The supplier’s optimal BPOF borrowing level is

k� ¼
arg max

k2ð0;�k�
ps k;w;Kð Þ if r\1� a and r� r̂;

0 otherwise:

(

Here r̂ denotes the supplier’s break-even BPOF interest rate under dual
financing. Theorem 7.2 shows that, in APD, the retailer trades off the benefit of a
unit discount against the possible cost of financial distress. If APD proves insuffi-
cient, the supplier then seeks external financing via BPOF to cover working capital
needs. In dual financing, a retailer with sufficient internal capital favors funding of
the supplier by APD whereas a retailer with insufficient capital will first maximize
her use of APD and only then use BPOF when the cost of financial distress out-
weighs the benefit of a price discount.

Lemma 7.2 In the case of continuation, the retailer’s total order quantity is
decreasing in the proportion b of order quantity paid at wholesale price after
product shipment. In the case of reorganization, the retailer’s total order quantity
is increasing in b if and only if 1� að Þ[ d

1�d.
Lemma 7.2 implies that the retailer strictly prefers APD to BPOF if her internal

capital is high enough to preclude financial distress. If the retailer goes through
reorganization, she may then prefer BPOF to APD under the binding condition that
the marginal cost of financial distress is greater than the benefit of a unit discount.

Theorem 7.2 and Lemma 7.2 indicate that the choice of an optimal pre-shipment
finance strategy depends on the retailer’s level of internal capital. As a risk-sharing
scheme that provides channel coordination benefits despite (possibly) incurring
financial distress, APD receives priority under dual financing when the retailer
possesses ample internal capital.

7.5 Numerical Examples

In this section, we examine the robustness of our main results via an extensive
numerical study. Examples are provided to demonstrate how demand variability
and the retailer’s internal capital level each affects supply chain performance. Our
numerical study relies on optimization via simulation using Palisade @RISK
software with 1,000,000 uncertainty scenarios (supply–demand matching states and
price–quantity decisions) and the following benchmark parameter values: p ¼ 60,
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ck ¼ cp ¼ 10, a ¼ 0:85, and c ¼ 0:9 (cf. Gamba and Triantis 2014). Demand D
follows a normal distribution, Nð1000; 100Þ, whose standard deviation may vary
with its coefficient of variation (CV).

7.5.1 Impact of Demand Variability

We first examine how demand volatility affects the interaction between APD and
BPOF. When adjusting demand volatility, we allow its coefficient of variation dðDÞ
to vary between 0.1 and 0.5; at the same time, we use a constant value for expected
demand, E D½ � ¼ 1000. We compare the channel efficiency under APD and BPOF
and plot the threshold points in Figs. 7.4 and 7.5. For each financing scheme, we
follow Jing et al. (2012) in examining the percentage competition penalty (i.e., the
portion of profit decrease in decentralized supply chain relative to centralized
supply chain)

Fig. 7.4 Effect of demand volatility on a supplier’s delivered quantities; b retailer’s profits;
c supplier’s profits; and d supply chain profits
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P, 1� ps þ pr
pcsc

� �
� 100%

w.r.t. demand volatility and the retailer’s internal capital level. Figure 7.4 presents
the effects of increasing demand CV on supply chain performance and on the
financing equilibrium between APD and BPOF.

Figure 7.4a shows that the supplier’s delivered quantity is decreasing in demand
volatility without pre-shipment finance (APD or BPOF). Whereas the supplier’s
delivered quantity is strictly increasing in APD only (green curve), it is convex in
BPOF only (blue curve) as well as in the dual-financing scheme (grey curve).
Absent pre-shipment finance, the supplier’s order delivery decreases as demand
volatility increases. When pre-shipment finance (APD and/or BPOF) is employed,
the supplier’s delivered quantity is less sensitive to demand volatility because his
financial distress is mitigated by pre-shipment finance; thus, demand risk is shared
with the retailer. Figure 7.4b demonstrates that the retailer’s profits are increasing in
demand volatility as a result of the lower wholesale price. Comparing the retailer’s
profits under APD only with BPOF only reveals that the latter’s equilibrium region
decreases with demand variability. That is, in single financing, the retailer chooses
BPOF when the demand coefficient of variation is relatively low (i.e., when
d Dð Þ\0:22); otherwise, she chooses APD in equilibrium. When demand CV is
sufficiently high, APD dominates BPOF and becomes the only strategy adopted in

Fig. 7.5 Effect of retailer’s internal capital level on a supplier’s delivered quantities; b retailer’s
profits; c supplier’s profits; and d supply chain profits
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dual financing; in this case, APD only and dual financing yield the same payoff. It is
intuitive that the retailer would prefer a wholesale price with BPOF over APD as
means of reducing risk when demand variability rises, because a lower order
quantity and late payment with external financing are both associated with less
inventory and credit risk. However, our numerical example shows that the estab-
lished retailer can opt to take more risk via APD—and thus generate a higher return
—when demand risk increases.

Figure 7.4c illustrates that the supplier’s profits decline with respect to
increasing demand volatility. The decline is much less in APD-only scenario owing
to risk sharing between supply chain members. The supplier’s profits are reduced at
the same decreasing rate in the BPOF-only and dual-financing cases (the latter
follows given that, when BPOF can fully mitigate financial distress, it is the only
mechanism adopted under dual financing). Contrary to Fig. 7.4b, the supplier
prefers the APD-only to the BPOF-only scenario if the demand coefficient of
variation is relatively high (i.e., d Dð Þ� 0:48). Figure 7.4d indicates the supply
chain’s profit is concave under APD only owing to the channel coordination effect,
while is decreasing w.r.t. demand volatility in the other three scenarios. In contrast
to Fig. 7.4b, BPOF dominates APD unless the demand CV is fairly high (i.e.,
d Dð Þ� 0:44) from the supply chain’s perspective. Therefore, supply chain mem-
bers incur a competition penalty when demand variability falls within a specific
interval, d Dð Þ 2 ½0:22; 0:44Þ. In this interval, the retailer’s optimal financing
decision deviates from the supply chain’s optimal choice. Thus there is performance
inefficiency due to supplier–retailer competition in a decentralized setting. For
example, when d Dð Þ ¼ 0:4, the competition penalty P ¼ 2:4%; when d Dð Þ ¼ 0:3,
P ¼ 8:3%. When d Dð Þ ¼ 0:22, the competition penalty is at its maximum:
P ¼ 17:5%. When demand variability falls out of the given interval, supply chain
members’ incentives are aligned thus channel-wide optimization can be achieved
using BPOF as external financing or APD as internal financing. These results
suggest that a channel coordination mechanism is desirable in single financing
equilibrium.

7.5.2 Impact of Retailer’s Internal Capital Level

In order to examine the role played by the retailer’s internal capital level (i.e.,
Ar � Lr), we vary the expected value of her asset level Ar from 40,000 to 80,000
while keeping her short-term liability Lr at a constant level of 30,000. Figure 7.5
shows that the retailer’s internal capital level has no significant effect except in the
APD-only scenario, because it is the only scenario where the retailer faces the
possibility of financial distress. With regard to the retailer’s internal capital level,
the APD-only value is increasing while values of the other three strategies are
relatively stable for supply chain partners.

Figure 7.5a demonstrates that the supplier’s delivered quantity is increasing
under APD only but is insensitive to the retailer’s internal capital level in the other
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three scenarios. The underlying reason is that the retailer’s growing internal capital
relieves financial distress and thus allows APD-based exploitation of supply chain
coordination; in contrast, the retailer may suffer financial distress if she employs
APD only. Similarly, Fig. 7.5b illustrates that the retailer’s profit is increasing in
her internal capital level under APD only; however, the increase is less significant
when the retailer’s internal capital exceeds a certain level (i.e., Ar � Lr [ 31; 231)
because financial distress is mitigated by increasing capital. A comparison of APD
only and BPOF only (green and blue curves) verifies Theorem 7.1 in that BPOF
dominates APD in single financing equilibrium if and only if the retailer’s internal
capital is below a certain threshold, i.e., Ar � Lr\xr � Lr ¼ 23; 218. Hence, the
BPOF-only equilibrium region is decreasing in the retailer’s internal capital level.
Conversely, if the retailer’s internal capital level is relatively high then APD
dominates BPOF and could become the only strategy adopted in the dual-financing
scheme, which verifies Lemma 7.2. Thus the retailer’s APD-only payoff approaches
her dual-financing payoff with increasing levels of internal capital.

Figure 7.5c indicates that the supplier’s profit is increasing in the retailer’s
internal capital level under APD-only as a result of the effect plotted in Fig. 7.5a.
Contrary to the result in Fig. 7.5b, the supplier prefers APD to BPOF when the
retailer’s internal capital level is relatively high, i.e., when Ar � Lr � 39; 526.
Figure 7.5d presents the net effect of the retailer’s internal capital level on supply
chain profits: the channel coordination effect of APD is increasing in the retailer’s
internal capital level. In contrast to Fig. 7.5b, APD dominates BPOF when the
retailer’s internal capital level exceeds 36,541 from the supply chain’s perspective.
Therefore, channel members incur a competition penalty if the retailer’s internal
capital level is within a certain interval, i.e., when 23; 218�Ar � Lr\36; 541.
Within this interval, the retailer’s optimal financing choice does not align with the
supply chain’s optimal strategy. For instance, when Ar � Lr ¼ 30; 000 the com-
petition penalty is P ¼ 8:3%, whereas P ¼ 21:2% (the maximum) when
Ar � Lr ¼ 23; 218. This high cost associated with competition penalty makes the
supply chain inefficient, thus channel coordination is crucial when pre-shipment
finance instruments are employed.

The managerial insights from Figs. 7.4 and 7.5 are as follows. First, greater
demand uncertainty increases the need for risk sharing within the supply chain,
while higher level of the retailer’s internal capital enables financing to supplier by
advance payment discount. As demand risk and the retailer’s internal capital level
increases, transferring monetary flow from voluntary to binding parties in the
supply chain becomes more desirable than raising capital from a financial institu-
tion. Second, both the interval and magnitude of the competition penalty imply that
—even though pre-shipment finance instruments can mitigate the supplier’s capital
constraint—the incentive alignment between both channel members is indispens-
able for reducing the costs of competition penalty.
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7.6 Pre-shipment Finance in Supply Chain

This chapter considers a capital-constrained supply chain with a SME supplier
selling to an established retailer via a wholesale price contract. The retailer chooses
between two pre-shipment finance instruments—advance payment discount and
buyer-backed purchase order financing—to manage the supplier’s financial distress.
We characterize the optimal supply chain decisions in APD and BPOF respectively,
and show that BPOF enables the supplier to finance his working capital via a loan
from a financial institution based on the retailer’s credit rating, while APD can bring
channel coordination benefit at the cost of the retailer’s potential financial distress.
When either APD or BPOF can be chosen, the retailer prefers APD to BPOF if her
internal asset level is above a certain threshold. In dual-financing when both APD
and BPOF are adopted, the retailer chooses APD and will not initiate BPOF unless
the marginal cost of financial distress outweighs the benefit of unit discount. We
find that the equilibrium region of APD is increasing in both the retailer’s internal
capital level and demand variability. Competition penalty can lead to considerable
costs when either the demand variability or the retailer’s internal capital level are
within certain (respective) intervals. Therefore, coordination and collaboration
between supply chain partners is essential for mitigating competition penalty.

7.6.1 Managerial Implications

Buyer-backed purchase order financing creates a “win–win–win” situation by
providing the supplier working capital funding from a financial institution based on
the retailer’s credit rating, in which the supplier alleviates his budget constraint and
thereby ensures order fulfillment, the retailer strengthens her relationship with
supplier and secures product quantity without incurring financial distress, while the
financial institution earns interest payment with lower credit risk (cf. Klapper 2006;
Navas-Alemán et al. 2012). In comparison, advance payment discount provides
channel coordination benefit to both the supplier and retailer and accelerates the
collection of the supplier’s receivables thus enhances his cash conversion cycle at
the potential cost of the retailer’s financial distress. Although both APD and BPOF
can mitigate the supplier’s financial distress before product shipment, APD trans-
fers monetary flows from voluntary to binding positions within the supply chain,
while BPOF enables capital raising from a financial institution and thereby
increases the supply chain’s overall financing capacity.

Advance payment discount features a risk-sharing scheme that provides a lower
wholesale price to the retailer yet also exposes her to higher inventory risk with
larger order quantity and the potential cost of financial distress depending on her
internal capital level. Hence, a retailer with ample capital that precludes financial
distress strictly prefers APD, while a less wealthy retailer with higher credit rating
than her supplier should leverage on the interest rate spread by initiating BPOF with
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a financial institution (cf. Gold and Jacobs 2007; Chauffour and Malouche 2011).
Greater demand variability increases the need for risk sharing in the supply chain by
APD, and higher level of the retailer’s internal capital guarantees that the channel
coordination benefit of APD dominates potential cost of financial distress. The
interval and magnitude of the competition penalty highlights the value of incentive
alignment between supply chain partners.
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Chapter 8
Research Overview
of Operations-Finance Interface

In this chapter, we take a qualitative and quantitative approach to reviewing con-
ceptual research on—as well as analytical models and empirical assessments of—
the interactions between operations and finance. First, we take a quantitative
approach to bibliometric analysis (Tang and Musa 2011; Fahimnia et al. 2015). In
particular, we conduct citation and PageRank analyses to identify both frequently
cited and high-impact papers. Moreover, we analyze a data set of 258
peer-reviewed journal articles (excluding conference papers) on the OFI (i.e.,
operations–finance interface) from 1958 to 2016. In this context, we summarize the
conceptual, analytical, and empirical research of operations-finance interface. In
addition, we identify eight research streams in the paper citation network and sketch
the landscape of operations–finance interactions based on leading articles and recent
advances in each stream. Thus we statistically characterize the maturity and
potential of these streams of research before proposing directions and approaches
for future explorations in this field.

8.1 Operations-Finance Interface

Operations and finance are two key functions that jointly drive business success.
Building capacity requires investment, and product sales generate revenue—factors
that connect material and financial flows in cash conversion cycle (CCC). The
operations–finance interface involves jointly optimizing material, monetary, and
information flows when exposed to various, interrelated risks. The seminal theorem
of Modigliani and Miller (1958) marked an important starting point for research on
the operations–finance interface by proposing that operational and financial deci-
sions can be separated when one assumes symmetric information and perfect capital
markets. These assumptions seldom hold simultaneously in practice, so models that
incorporate various market frictions have sparked growing attention in this inter-
disciplinary field (Birge et al. 2007; Babich and Kouvelis 2015). Research topics
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include operational hedging, financial flexibility, supply chain risk management,
enterprise risk management, integrated risk management, and supply chain finance
as well as the financial implications of supply chain strategies. Conceptual research,
analytical modelling, and empirical assessments have been conducted to evaluate
the interactions between operations and finance. Given the wide variety of topics
and methodologies, it is challenging for scholars to develop a grasp of the research
streams involving the operations–finance interface. Despite the high visibility of
several often cited articles, the overall research landscape may remain ambiguous.

Our quantitative approach to bibliometric analysis is in contrast to extant liter-
ature reviews on the operations–finance interface, which are of a qualitative nature
(as befits conceptual explorations and research summaries). Most previous syn-
theses of such research concentrate on analytical approaches; only a few review
articles incorporate empirical assessments; and conceptual research has received
limited attention. An overview of related papers and new contributions is given in
Table 8.1.

In this chapter, we aim to explore three research questions:
(i) What are the recent publication trends in terms of article quantity on the

operations–finance interface? (ii) What are the primary research streams and which
papers have the greatest impact in each stream? (iii) Which research streams are
already well explored, and which are relatively incipient and thus call for additional
scholarly attention?

Our goals are reflected in this chapter’s four main aspects. First, we adopt a
quantitative approach to show the publication trends of conceptual, analytical, and
empirical research on the OFI. Second, we identify the lead articles as measured by
citation and PageRank analyses. Third, we classify the research into eight research
streams to characterize the research landscape of this field. Fourth, we summarize
the lead articles and recent publications in each stream to facilitate navigation of
concepts, analytical models, and empirical evidence.

8.2 Research Methodology

This chapter aims to highlight emerging concepts and techniques, map out a holistic
research landscape, and point to future research opportunities on the interfaces
among operations, finance, and risk management. We therefore undertake an
exhaustive search of related papers in the publication database. That search
incorporates articles from peer-reviewed journals in the fields of operations man-
agement or corporate finance. The referred journals may be oriented toward con-
ceptual framing, quantitative modeling, or empirical research, so in this way we
cover both theoretical and practice-oriented developments in research on the
operations–finance interface. For the purpose of this review, we take three steps—
as described next—to identify well-cited and high-impact papers, group extant
research into eight streams, relay insights from current work, and posit directions
for future research.
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Data collection. To ensure the comprehensiveness of our data set, we employ a
“title, abstract, keywords” search of several frequently used keywords in the Scopus
database.1 Thus we search for the strings “operations finance interface”, “supply
chain finance (or financing)”, “financial supply chain (management)”, “capital
constraint supply chain”, “trade credit”, “inventory financing”, “(reverse) factor-
ing”, “supplier finance (or financing)”, “purchase order finance (or financing)”,
“capacity investment budget constraint”, “operational and financial hedging”,
“working capital management (or optimization)”, “operations strategy financial
performance”, etc.2; we then merge the retrieved data by removing duplications. To
concentrate on peer-reviewed journal articles, we specify the document type as
“article” or “review” and thereby exclude conference papers and book chapters.
These initial steps yield a data set of 487 papers. Papers whose content is unrelated
(or only marginally related) to the OFI are discarded, as are publications in lan-
guages other than English. This pruning leads to a sample of 242 papers. Given that
most terminology in this field has emerged in recent decades, some groundbreaking
early papers3 that had a significant impact on subsequent literature might not be
categorized in Scopus under the keywords just listed, but they should certainly be
included in our data set. We therefore retrieve the references from the literature
reviews listed in Table 8.1 and add the (non-duplicate) entries to our data set. This
data collection process—which was completed on January 1, 2017—resulted in 258
entries of publication information including title, authors, affiliations, abstract,
keywords, references, and number of citations.

Bibliometric analysis. To illustrate the quantity of OFI-related publications over
time, Fig. 8.1 plots the number of papers published from 1958 (earliest publication
year) through 2016. That quantity has grown steadily (albeit with minor fluctua-
tions) since the early 1990s, with a significant increase in the past decade. We
identify that 100 journals have published articles in our data set of research on the
operations–finance interface. The top five contributing journals (in terms of paper
quantity) published 97 articles, or 37.6% of the entire data set. To investigate our
data set further, we conduct citation and PageRank analyses to identify the popular
and prestigious articles on the OFI. This bibliometric analysis yields statistics of
influential articles on each research topic and their impact in OFI and related fields.

1Scopus (https://www.elsevier.com/solutions/scopus) is the largest abstract and citation database
of peer-reviewed literature that enables filtering of publication data by document type (e.g., journal
article, conference paper, review, book chapter). In contrast, Google Scholar is more compre-
hensive but includes all types of publications without filtering by document type. The
Web-of-Science database incorporates only ISI-indexed journals and so its range is narrower than
that of Scopus.
2The term “integrated risk management” is frequently used in OFI papers; however, it is seldom
listed as a keyword owing to its multiple meanings (in the absence of a rigorous definition).
3Early research on capital structure—for example, Modigliani and Miller (1958) and Myers (1984)
—laid the foundations for further exploration of the operations–finance interface and is therefore
often cited by subsequent work in this field. Yet neither of those papers would be captured by a
search based solely on our listed keywords.
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Research categorization. Based on a paper-citation network analysis, we classify
research on the operations–finance interface into eight streams. The leading articles
(i.e., those with the highest PageRank values) and the most recent papers in each
stream are then summarized to provide an overview of how the literature on this
topic has evolved and of current developments. Mature and emergent research
streams are determined with the aid of statistical analysis, and potential directions
for future exploration are proposed based on the current research landscape.

8.3 Identifying Popular and Prestigious Papers

In this section, we use citation and PageRank analyses to measure the popularity
and prestige of articles on the operations–finance interface. Following the approach
of Cronin and Ding (2011), we measure a paper’s popularity by “the number of
citations by other papers” and its prestige by “the number of citations by highly
cited papers”.

Fig. 8.1 Trend in publication of research on operations–finance interface
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8.3.1 Citation Analysis

In our 258-paper data set, 154 papers (59.7%) have been cited “locally”—that is, by
other papers in the data set. These local citations reflect a paper’s impact within the
OFI field. By “global” citations we refer to the overall number of citations in the
Scopus database; these citations are indicative of a paper’s impact within
the broader academic community (i.e., incorporating other related fields).

Table 8.2 reports the top ten papers in terms of local citations and global cita-
tions. This table reveals that the most frequently cited papers on the operations–
finance interface are the seminal articles that established the conceptual foundations
and/or demonstrate methodological breakthroughs in the corresponding research
streams. For instance, Babich and Sobel (2004) and Buzacott and Zhang (2004) are
the first papers providing analytical efforts to breach the previously independent
“silos” of operational and financial functions; they do this by incorporating initial
public offerings (IPOs) and asset-based financing into production, inventory, and
capacity decisions. Huchzermeier and Cohen (1996) develop the concept of oper-
ational hedging based on real options, which has since been employed (in com-
bination with financial hedging) by Gaur and Seshadri (2005), Caldentey and
Haugh (2006), and Ding et al. (2007) in studies of how to mitigate correlated
operational and financial risks. Pfohl and Gomm (2009), Randall and Farris (2009),
and Protopappa-Sieke and Seifert (2010) propose frameworks for supply chain
finance and working capital management based on analytical and numerical

Table 8.2 Top ten papers by local and global citations

Reference Journal Local
citation

Global
citation

Buzacott and Zhang
(2004)

Management Science 25 128

Huchzermeier and
Cohen (1996)

Operations Research 17 197

Gaur and Seshadri
(2005)

Manufacturing and Service Operations
Management

17 71

Pfohl and Gomm
(2009)

Logistics Research 17 19

Randall and Farris
(2009)

International Journal of Physical Distribution
and Logistics Management

16 23

Ding et al. (2007) Operations Research 15 68

Caldentey and Haugh
(2006)

Mathematics of Operations Research 12 32

Protopappa-Sieke and
Seifert (2010)

European Journal of Operational Research 12 24

Babich and Sobel
(2004)

Management Science 11 57

Klapper (2006) Journal of Banking and Finance 11 26
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approaches, and Klapper (2006) provides empirical evidence for the adoption of
various supply chain finance instruments. The impact of a paper within the OFI
field varies as a function of the originality and profoundness of scholars’ contri-
butions. The gap between the numbers of global and local citations indicates that
papers such as Buzacott and Zhang (2004) and Huchzermeier and Cohen (1996) not
only are well received in the field of operations–finance interactions but also
influence related disciplines in the broader academic community.

8.3.2 PageRank Analysis

Whereas the citation analysis reveals the popularity of papers, a PageRank4 analysis
indicates their relative prestige. Suppose that paper A is cited by n other papers (i.e.,
by p1; . . .; pn), and let Cðpi denote the number of citations of paper i. Then the
PageRank value (PR) of paper A is calculated as follows:

PR Að Þ ¼ 1� dð Þ 1
N

þ d
Xn

i¼1

PR pið Þ
C pið Þ ;

here d denotes a damping factor,5 which ranges between 0 and 1 to represent the
fraction of random walks that the citations continue to generate. In a network
analysis of paper citations, a paper’s reference entries typically follow an average
length of 2 (Chen et al. 2007a); thus 1=2 ¼ 0:5 ¼ ð1� dÞ, so d ¼ 0:5 is chosen for
analyzing a citation network. A high PageRank value implies that a paper has been
cited by many influential (i.e., frequently cited) papers. While articles with high
overall citation numbers have a large impact in general, those that are often cited by
other high-impact papers are typically of considerable importance in the focal
research field (cf. Ding et al. 2009).

The top ten papers, as measured by PageRank, are listed in Table 8.3. In our data
set of 258 papers, the highest PageRank value is 0.00958. Comparing Tables 8.2
and 8.3 reveals that a higher number of local and global citations may result in—but
hardly guarantees—a higher PageRank value. For example: Pfohl and Gomm
(2009) was cited 17 times locally and is the eighth highest by PageRank, yet Huang
and Hsu (2008) achieves a slightly higher PageRank value (sixth highest) with just
five local citations; the implication is that the latter work was cited by papers that
were themselves relatively more influential. Four papers in Table 8.3
(Chowdhry and Howe 1999; Gaur and Seshadri 2005; Caldentey and Haugh 2006;

4The PageRank measure was introduced by Brin and Page (1998) to prioritize Web pages based on
their “connectivity” to search engine keywords.
5The damping factor originally used in Google’s PageRank algorithm was 0.85 (Brin and Page
1998)—based on the anecdotal observation that an Internet user typically follows about six Web
pages and so the leakage probability is 1=6 ffi 0:15 ¼ ð1� dÞ.
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Ding et al. 2007) focus on integrated operational and financial hedging, while another
four papers (Dada and Hu 2008; Huang and Hsu 2008; Pfohl and Gomm 2009;
Gupta and Dutta 2011) analyze models used to manage financial flows in supply
chains. Huchzermeier and Cohen (1996) study operational hedging by real options in
global supply chain network configuration, and Froot et al. (1993) examine how
financial hedging by derivative instruments can secure investment opportunities.

8.4 Evolution of Research on Operations–Finance
Interface

In this section, we take two steps to classify the research streams that address the
operations–finance interface. First, we analyze our data set of 258 papers using Sci2

software to extract the paper-citation network. This procedure yields 44 paper
clusters of various sizes. Second, we group the major paper clusters into seven
primary research streams based on topic relevance6; literature syntheses and
stand-alone paper clusters are placed together in an eighth group. Our

Table 8.3 Top ten papers by PageRank

Reference Journal PageRank Local
citation

Global
citation

Gaur and Seshadri
(2005)

Manufacturing and Service
Operations Management

0.00958 17 71

Huchzermeier and
Cohen (1996)

Operations Research 0.00836 17 197

Caldentey and Haugh
(2006)

Mathematics of Operations
Research

0.00727 12 32

Ding et al. (2007) Operations Research 0.00710 15 68

Froot et al. (1993) Journal of Finance 0.00582 8 714

Huang and Hsu
(2008)

International Journal of Production
Economics

0.00573 5 71

Chowdhry and Howe
(1999)

European Finance Review 0.00551 7 42

Pfohl and Gomm
(2009)

Logistics Research 0.00548 17 19

Gupta and Dutta
(2011)

European Journal of Operational
Research

0.00548 7 16

Dada and Hu (2008) Operations Research Letters 0.00528 10 60

6This step is necessary because some of the clusters are demonstrably close in topic yet are not
identified as a single cluster in the paper-citation network (since articles may not cite all related
works in the same stream).
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categorization results in eight main groups of research (cf. Birge et al. 2007; Babich
and Kouvelis 2015), Table 8.4 shows the percentage distribution and average
PageRank values of each research stream. The sequence of Sects. 8.4.1–8.4.7 is
organized in descending order of each stream’s publication quantity.

Supply chain finance is evidently the most active field within this arena, and
papers addressing trade credit account for 29.8% of this stream. Because the
majority of papers on SCF were published within the last decade, their full impact is
yet to be seen. Published articles on integrated operational hedging and financial
flexibility have (on average) the greatest impact, in large part because most papers
in that area are well established and therefore figure prominently in our data set.
There is a substantial amount of research on the impact of operational effectiveness
on financial performance, but this stream does not exhibit high (average) PageRank
values; one reason is that such research is mostly data-driven and so there are
relatively few cross-citations among papers. The innovativeness of scholarly work
on joint financing and capacity inventory choices is likely responsible for its high
PageRank value, on average, while research on real options and hedging in oper-
ations management achieves its high average impact by providing the very foun-
dations for joint deployment of operational and financial hedging. There are two
research streams—namely, integrated operational and financial planning in supply
chains and valuation and risk mitigation in commodity trading—that are mostly
driven by specific applications and so have limited influence overall in the OFI
field. Research syntheses and other topics related to the operations–finance interface
encompass a number of literature summaries and recent innovations that are suf-
ficiently dispersed to preclude a significant research impact.

Table 8.4 Statistical overview of eight research streams on operations-finance interface

Section Research stream Percentage
(%)

Average
PageRank

8.4.1 Supply chain finance 46.9 0.002378

8.4.2 Integrated operational hedging and financial flexibility 11.6 0.004158

8.4.3 Impact of operational effectiveness on financial
performance

8.9 0.002083

8.4.4 Joint financing and capacity-inventory choices 5.8 0.003138

8.4.5 Real options and hedging in operations management 4.7 0.003422

8.4.6 Integrated operational and financial planning in supply
chains

3.9 0.00275

8.4.7 Valuation and risk mitigation in commodity trading 2.7 0.002455

8.4.8 Research syntheses and other topics on
operations-finance interface

15.5 0.00271
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To ensure clarity and consistency, each of the first two research streams are
divided (in Sects. 8.4.1 and 8.4.2, respectively) into three subgroups by method-
ology7; each of the other streams, which we detail in Sects. 8.4.3–8.4.7, has pri-
marily adopted one methodology. Citation and PageRank measures each exhibit a
strong positive correlation with a paper’s age, so they favor established articles in
early research. Articles published more recently usually take time to deploy their
impact, in particular, paradigm-changing research that deviates from prevailing
conventions typically has limited early impact yet exceptional long-term impact
(Wang et al. 2013). We therefore summarize not only the top five PageRank papers8

but also representative articles from recent work in each stream to provide an
overview of how OFI research has evolved.

8.4.1 Supply Chain Finance

To present an overview on supply chain finance, we classify this stream by three
methodologies: conceptual research, analytical modeling, and empirical assessment.
Table 8.5 presents the top five conceptual papers on SCF in a descending order of
their PageRank values.9 As one of the fastest-growing areas of research on the
operations–finance interface, supply chain finance establishes a conceptual foun-
dation—based on principal–agent theory—while assuming that firms within and
outside the supply chain have asymmetric information. Hence firms within the
supply chain can serve as intermediaries to resolve the issue of asymmetric infor-
mation between capital seekers and capital markets (Pfohl and Gomm 2009).
Supply chain finance aims to enhance the allocation of working capital through
cross-functional coordination of operational and financial departments and
inter-organizational collaboration among supply chain partners (Hofmann 2005;
Pfohl and Gomm 2009).

Closely related research argues that working capital performance, as measured
by the cash conversion cycle, can be improved by shortening the inventory pro-
cessing period, reducing accounts receivable, and increasing accounts payable.
Thus the CCC can influence the return on capital employed (ROCE) directly by

7For ease of exposition, we categorize the research streams in Sects. 4.1 and 4.2 by methodology.
However, research featuring multiple methodologies can be found in both streams. For example,
Cai et al. (2014) and Gaur and Seshadri (2005) employ both analytical and empirical approaches in
examining (respectively) supply chain finance and integrated risk management. For an overview of
multi-methodological research in operations management, see Choi et al. (2016).
8Given the vast literature on operations–finance interface, we restrict our attention to top five
PageRank papers in each stream to provide a navigation of the seminal research for brevity and
consistency.
9Tables 8.6, 8.7, 8.8, 8.9, 8.10, 8.11, 8.12, 8.13, 8.14 and 8.15 are likewise presented in a
descending order of the papers’ PageRank values.

152 8 Research Overview of Operations-Finance Interface



T
ab

le
8.
5

T
op

fi
ve

Pa
ge
R
an
k
pa
pe
rs

fe
at
ur
in
g
co
nc
ep
tu
al

re
se
ar
ch

on
su
pp

ly
ch
ai
n
fi
na
nc
e

C
on

ce
pt

of
su
pp

ly
ch
ai
n

fi
na
nc
e

A
ct
or
s

O
bj
ec
ts

L
ev
er
s

M
an
ag
er
ia
l
in
si
gh

ts
R
ef
er
en
ce
s

“S
up

pl
y
ch
ai
n
fi
na
nc
e
is
th
e

in
te
r-
co
m
pa
ny

op
tim

iz
at
io
n

of
fi
na
nc
in
g
as

w
el
l
as

th
e

in
te
gr
at
io
n
of

fi
na
nc
in
g

pr
oc
es
se
s
w
ith

cu
st
om

er
s,

su
pp

lie
rs
,
an
d
se
rv
ic
e

pr
ov

id
er
s
in

or
de
r
to

in
cr
ea
se

th
e
va
lu
e
of

al
l
pa
rt
ic
ip
at
in
g

co
m
pa
ni
es
.”

Su
pp

lie
rs
,

cu
st
om

er
s,
th
e

fo
ca
l
co
m
pa
ny

,
fi
na
nc
ia
l

in
te
rm

ed
ia
ri
es
,
an
d

lo
gi
st
ic
s
se
rv
ic
e

pr
ov

id
er

Fi
xe
d
as
se
ts
,

w
or
ki
ng

ca
pi
ta
l

V
ol
um

e,
du

ra
tio

n,
an
d

ca
pi
ta
l
co
st
ra
te

B
as
ed

on
th
e
pr
in
ci
pa
l-
ag
en
t

th
eo
ry
,“
SC

F
tu
rn
s
th
e
ac
to
rs

w
ith

in
th
e
su
pp

ly
ch
ai
n
in
to

in
te
rm

ed
ia
ri
es

w
ho

ca
n

pa
rt
ly

ov
er
co
m
e
th
e
pr
ob

le
m

of
as
ym

m
et
ri
c
in
fo
rm

at
io
n

be
tw
ee
n
ca
pi
ta
l
m
ar
ke
ts
an
d

th
e
pa
rt
ie
s
se
ek
in
g
ca
pi
ta
l.”

Pf
oh

l
an
d

G
om

m
(2
00

9)

“S
up

pl
y
ch
ai
n
fi
na
nc
e
is
an

ap
pr
oa
ch

fo
r
tw
o
or

m
or
e

or
ga
ni
za
tio

ns
in

a
su
pp

ly
ch
ai
n,

in
cl
ud

in
g
ex
te
rn
al

se
rv
ic
e
pr
ov

id
er
s,
to

jo
in
tly

cr
ea
te

va
lu
e
th
ro
ug

h
m
ea
ns

of
pl
an
ni
ng

,
st
ee
ri
ng

,
an
d

co
nt
ro
lli
ng

th
e
flo

w
of

fi
na
nc
ia
l
re
so
ur
ce
s
on

an
in
te
r-
or
ga
ni
za
tio

na
l
le
ve
l.”

Sh
ip
pe
r
or

se
nd

er
,

an
d
its

su
pp

lie
r
an
d

co
st
um

er
,
lo
gi
st
ic
s

se
rv
ic
e
pr
ov

id
er
,

fi
na
nc
ia
l

in
st
itu

tio
n,

in
ve
st
or
s

Su
pp

ly
ch
ai
n

pe
rf
or
m
an
ce

in
di
ca
to
rs

on
fi
na
nc
ia
l
go

al
s

In
ve
st
m
en
t,
fi
na
nc
in
g,

an
d

ac
co
un

tin
g
an
d
th
e
fu
nc
tio

ns
of

pr
oc
ur
em

en
t,
pr
od

uc
tio

n,
an
d
sa
le
s.
T
he

ca
sh

ou
tla
y

fo
r
th
e
in
ve
st
m
en
t
an
d
th
e

va
lu
e
ob

ta
in
ed

fr
om

th
e

in
ve
st
m
en
t

“P
ro
cu
re
m
en
t,
pr
od

uc
tio

n,
sa
le
s,
an
d
re
cy
cl
in
g
ca
n

po
te
nt
ia
lly

fr
ee

up
in
te
rn
al

fi
na
nc
in
g
re
so
ur
ce
s.
”

“S
C
F…

im
pr
ov

es
th
e
de
bt

fi
na
nc
in
g
al
te
rn
at
iv
es

an
d

co
nd

iti
on

s
fo
r
al
l

co
lla
bo

ra
tio

n
pa
rt
ne
rs
.”

H
of
m
an
n

(2
00

5)

Su
pp

ly
ch
ai
n
fi
na
nc
ia
l

m
an
ag
em

en
t
ex
am

in
es

“h
ow

fi
rm

fi
na
nc
ia
l
m
an
ag
em

en
t

te
ch
ni
qu

es
m
ay

be
us
ed

to
im

pr
ov

e
ov

er
al
ls
up

pl
y
ch
ai
n

pr
ofi

ta
bi
lit
y
an
d

pe
rf
or
m
an
ce
.”

C
ol
la
bo

ra
tin

g
fi
rm

s
ac
ro
ss

th
e
su
pp

ly
ch
ai
n

In
ve
nt
or
y,

ac
co
un

ts
re
ce
iv
ab
le
,

ac
co
un

ts
pa
ya
bl
e,

re
ve
nu

e
an
d
co
st

of
go

od
s
so
ld

(C
O
G
S)

C
as
h
flo

w
,
pa
yb

ac
k
le
ve
ra
ge

po
in
ts
,
sh
if
tin

g
in
ve
nt
or
y,

di
ff
er
in
g
co
st
of

ca
pi
ta
l

“R
ed
uc
e
in
ve
nt
or
ie
s
he
ld
;

re
du

ce
ac
co
un

ts
re
ce
iv
ab
le

by
ha
vi
ng

cu
st
om

er
s
pa
y

fa
st
er
;
an
d
ex
te
nd

ac
co
un

ts
pa
ya
bl
e
by

ta
ki
ng

lo
ng

er
to

pa
y
su
pp

lie
rs
.”

R
an
da
ll
an
d

Fa
rr
is
(2
00

9)

(c
on

tin
ue
d)

8.4 Evolution of Research on Operations–Finance Interface 153



T
ab

le
8.
5

(c
on

tin
ue
d)

C
on

ce
pt

of
su
pp

ly
ch
ai
n

fi
na
nc
e

A
ct
or
s

O
bj
ec
ts

L
ev
er
s

M
an
ag
er
ia
l
in
si
gh

ts
R
ef
er
en
ce
s

C
as
h
co
nv

er
si
on

cy
cl
e

m
ea
su
re
s
“t
he

nu
m
be
r
of

da
ys

be
tw
ee
n
pa
yi
ng

fo
r
ra
w

m
at
er
ia
ls
an
d
ge
tti
ng

pa
id

fo
r

pr
od

uc
ts
,
as

ca
lc
ul
at
ed

by
in
ve
nt
or
y
da
ys

of
su
pp

ly
pl
us

da
ys

of
sa
le
s

ou
ts
ta
nd

in
g
m
in
us

av
er
ag
e

pa
ym

en
t
pe
ri
od

fo
r

m
at
er
ia
l.”

T
he

fo
ca
l
fi
rm

an
d

su
pp

ly
ch
ai
n

pa
rt
ne
rs

A
ss
et
s
an
d

lia
bi
lit
ie
s,

pr
od

uc
tio

n
cy
cl
es
,

in
ve
nt
or
y,

ac
co
un

ts
re
ce
iv
ab
le
,

ac
co
un

ts
pa
ya
bl
e

M
ea
su
re
s
of

liq
ui
di
ty

an
d

va
lu
e,

in
bo

un
d
m
at
er
ia
l

ac
tiv

iti
es
,
m
an
uf
ac
tu
ri
ng

op
er
at
io
ns
,
ou

tb
ou

nd
lo
gi
st
ic
s,
an
d
sa
le
s

“E
xt
en
d
av
er
ag
e
ac
co
un

ts
pa
ya
bl
e,

sh
or
te
n
pr
od

uc
tio

n
cy
cl
e
to

re
du

ce
in
ve
nt
or
y

da
ys

of
su
pp

ly
,
re
du

ce
av
er
ag
e
ac
co
un

ts
re
ce
iv
ab
le
.”

Fa
rr
is
an
d

H
ut
ch
is
on

(2
00

2)

“S
up

pl
y
ch
ai
n
fi
na
nc
e
is
an

in
te
gr
at
ed

ap
pr
oa
ch

th
at

pr
ov

id
es

vi
si
bi
lit
y
an
d

co
nt
ro
l
ov

er
al
l
ca
sh
-r
el
at
ed

pr
oc
es
se
s
w
ith

in
a
su
pp

ly
ch
ai
n.
”

Fi
rm

s
w
ith

in
th
e

su
pp

ly
ch
ai
n

C
ur
re
nt

as
se
ts
an
d

cu
rr
en
t
lia
bi
lit
ie
s

in
cl
ud

in
g

in
ve
nt
or
y,

ac
co
un

ts
re
ce
iv
ab
le

an
d

ac
co
un

ts
pa
ya
bl
e

C
as
h
co
nv

er
si
on

cy
cl
e,

op
er
at
in
g
in
co
m
e,

an
d
re
tu
rn

on
ca
pi
ta
le
m
pl
oy

ed
(R
O
C
E
)

“A
ch
ie
vi
ng

tr
an
sp
ar
en
cy

an
d

an
al
yz
in
g
th
ei
r
be
nc
hm

ar
ks
,

fo
cu
si
ng

on
th
e
le
ve
ra
ge

fa
ct
or
s,
de
te
rm

in
in
g
th
e

op
tim

al
C
C
C

le
ve
l.”

G
ro
ss
e-
R
uy

ke
n

et
al
.
(2
01

1)

154 8 Research Overview of Operations-Finance Interface



employed capital and indirectly through operating income (Farris and Hutchison
2002; Randall and Farris 2009; Grosse-Ruyken et al. 2011).

Most analytical explorations on supply chain finance, which are summarized in
Table 8.6, are based on the Modigliani–Miller theorem, which posits the inde-
pendence of operations and finance under the strong assumption of a perfect capital
market (i.e., rational investors and the absence of asymmetric information, incen-
tive misalignment, corporate taxes, and transaction costs; see Modigliani and Miller
1958). When market frictions and various information structures are considered, the
interconnections between operations and finance in supply chains motivate the
examination of numerous supply chain finance instruments.

Trade credit,10 a SCF topic drawing considerable research interest, includes
papers that examine the joint optimization of supply chain decisions involving
contract terms on payment extension and/or early discounts when the
capital-constrained buyer seeks working capital financing. The effect of trade credit
terms on order quantity and frequency, supply chain profitability, and the resulting
interactions with bank finance is a common research theme (see e.g. Huang and Hsu
2008; Kouvelis and Zhao 2012), and recent advances focus on the interactions
between trade credit and supply chain–coordination contracts as quantity discounts,
buybacks, two-part tariffs, and revenue sharing (Lee and Rhee 2010; Kouvelis and
Zhao 2016; Xiao et al. 2017). Additional types of trade finance instruments (e.g.,
vendor financing and short-term financing) have been investigated in connection
with market variables that include the interest rate, salvage price, and competition
structure (Brennan et al. 1988; Raghavan and Mishra 2011).

Empirical research on supply chain finance, as shown in Table 8.7, provides
industry-based evidence for the adoption of trade finance instruments and working
capital management. Supply chain finance programs are usually initiated by
established buyers or suppliers, financial institutions (banks), or specialized service
entities such as logistics service providers; these programs aim to provide financial
assistance for small- and medium-sized enterprise (SME) suppliers or buyers in
need of working capital (Hofmann 2005; Pfohl and Gomm 2009; Hofmann and
Kotzab 2010). It follows that working capital positions in the supply chain are the
primary antecedents of SCF adoption and also determine the types of SCF
instruments adopted. A variety of supply chain finance instruments—such as trade
credit, factoring, reverse factoring, purchase order financing, buyer credit,
inventory/work-in-progress financing, letters of credit, and open account credit—
can be employed to reduce liquidity risk and enhance working capital performance
(Fisman and Love 2003; Klapper 2006; Wuttke et al. 2013a, b; Vliet et al. 2015).

When pre-shipment finance instruments are employed, the buyer’s cash flow
risk increases while the supplier’s shortage risk decreases; adoption of post-ship-
ment finance instruments mitigates the propagation of liquidity risks in the supply
chain (Wuttke et al. 2013b). Market factors including competition intensity, interest

10For research overviews of this topic, please refer to Chang et al. (2008) and Seifert et al. (2013).
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rates, receivables quantity, and the supplier’s working capital objectives determine
the benefits (and thereby the adoption, or not) of reverse factoring for supply chain
partners (Wuttke et al. 2013a; Iacono et al. 2015).

8.4.2 Integrated Operational Hedging and Financial
Flexibility

Analogously to our approach in Sect. 8.4.1, here we categorize research on inte-
grated risk management of operational hedging and financial flexibility into three
subgroups by methodology. Conceptual research on integrated risk management
has proposed frameworks for joint optimization of operational strategies and
financial instruments; see Table 8.8. Integrated risk management features the joint
analysis of operational and financial exposure to uncertainty as well as on syn-
chronized risk mitigation through operational hedging and financial flexibility
(Miller 1992; Trigeorgis 1993; Triantis 2000; Meulbroek 2002; Kouvelis et al.
2012). On the one hand, operational hedging involves decisions concerning risk
preferences and exposure of the focal firm and its supply chain partners (Meulbroek
2002); the real options to defer, expand, contract, abandon, or alter strategies when
more information can be obtained (Trigeorgis 1993; Triantis 2000); and risk mit-
igation strategies that include avoidance, control, cooperation, limitation, and
flexibility (Miller 1992); or buffering, pooling, and contingency planning (Kouvelis
et al. 2012). On the other hand, financial risk management includes the hedging of

Table 8.7 Top five PageRank papers on empirical assessment of supply chain finance

Sample size Sample region Unit of
analysis

Observation
period

Methodology Financial strategies References

479 48 countries,
25 high-income
and 23
middle-income
countries

Country 1993–2003 Regression,
case study

Factoring, reverse
factoring, purchase
order financing

Klapper
(2006)

Approxim.
7300 firms

US, Europe Firms 1995–2004 Case study,
conceptual
model

Working capital
management by
cash-to-cash cycle

Hofmann
and
Kotzab
(2010)

36
observations

43 countries Countries
and firms

1980–1990 Regression Trade credit Fisman
and Love
(2003)

8 cases
based on 40
interviews

Europe Firms 2012 Case study Buyer credit,
inventory/
work-in-progress
financing, reverse
factoring, letters of
credit, open account
credit, bank loan

Wuttke
et al.
(2013b)

6 cases Europe Firms 2012 Case study Adoption process of
supply chain
finance

Wuttke
et al.
(2013a)
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aggregate risk exposure by financial derivatives and insurance contracts, risk
adjustment by way of altering the firm’s capital structure (Miller 1992; Triantis
2000; Meulbroek 2002; Kouvelis et al. 2012), and such financial flexibility options
as equity holders’ option to default on debt payments, lenders’ option to abandon a
commitment via staged debt financing, and venture capital financing by a mix of
debt and equity (Trigeorgis 1993).

The analytical approach to integrated risk management has mainly focused on
examining the relationship between operational flexibility and financial hedging
and in mitigating their interrelated uncertainties; papers in this group are summa-
rized in Table 8.9. The mainstream of the analytical literature (represented by Mello
et al. 1995; Chowdhry and Howe 1999; Hommel 2003; Ding et al. 2007; Chen et al.
2014) concentrates on integrated operational flexibility and financial hedging under
exchange rate and demand risks; the mitigation of demand risk by joint financial
hedging and inventory management is analyzed based on the case where empirical
evidence shows that demand is correlated with a financial asset price (Gaur and
Seshadri 2005). The joint optimization of financial hedging and operational deci-
sions of a corporation are explored when profits are correlated with financial market
returns (Caldentey and Haugh 2006)—and of a two-firm supply chain when the
retailer is budget constrained (Caldentey and Haugh 2009). Product flexibility and
financial hedging are shown to be complements (resp. substitutes) when the demand
for different products is positively (resp. negatively) correlated; postponement
flexibility and financial hedging are substitutes (Chod et al. 2010). In the presence
of financial market frictions, liquidity makes a major contribution to risk manage-
ment while operational and financial hedging exhibit substitution effects (Gamba
and Triantis 2014).

Most of the research in this stream sheds light on the complementarity between
operations and finance, although substitution effects are also evident. Operational
hedging mainly drives profitability, and financial hedging (when adopted jointly)
tailors cash flow variability. Thus the primary emphasis has been on the coordi-
nation and collaboration between operations and finance in a centralized approach
to integrated risk management. From a technical viewpoint, variance-based risk
measures—including mean-variance models (Chowdhry and Howe 1999; Hommel
2003; Ding et al. 2007; Chen et al. 2014)—treat upside potential and downside risk
symmetrically. As an alternative, more recent research efforts are devoted to such
downside risk measures as value at risk (Park et al. 2017) and conditional value at
risk (Koberstein et al. 2013, Chap. 5) Zhao and Huchzermeier (2017).

Empirical research on integrated risk management has tested the relationship
between—and the relative effectiveness of—operational and financial hedging
based on industrial evidence (see Table 8.10). In this context, operational hedging
features geographic dispersion of multinational corporations’ global subsidiary
network (Allayannis et al. 2001; Kim et al. 2006), fuel pass-through agreements and
charter operations in airline industry (Carter et al. 2006), expected changes in
operational volatility due to acquisitions (Hankins 2011), and real options; the latter
include market entry and exit, production and sourcing switches, and the acquisition
and sale of a subsidiary (Aabo and Simkins 2005). Financial hedging has been
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measured by the magnitude of foreign currency derivatives or foreign debt, where
this hedging is used to manage exposure to such factors as the interest rate, price,
and currency risks (Allayannis et al. 2001; Aabo and Simkins 2005; Carter et al.
2006; Kim et al. 2006; Hankins 2011).

The complementary relationship between operational and financial hedging has
been supported by the finding that operational hedging does not effectively sub-
stitute financial hedging (Allayannis et al. 2001). Hence firms that engage in rel-
atively more operational hedging are likely to adopt financial derivatives, and such
joint operational and financial hedging is associated with reduced risk exposure and
enhanced firm value (Carter et al. 2006; Kim et al. 2006). Operational hedging is
typically used to mitigate long-term economic exposure, whereas financial hedging
is more often employed to manage short-term transaction exposure (Kim et al.
2006). The claim that operational and financial risk management can be substitutes
is supported by evidence that the use of real options (resp., financial hedging)
increases (resp., decreases) with the length of the time horizon (Aabo and Simkins
2005). Moreover, operational hedging by acquisitions (that reduce operational
volatility) is a viable substitute for financial hedging by derivatives (Hankins 2011).

8.4.3 Impact of Operational Effectiveness on Financial
Performance

Supply chain operations constitute the backbone of financial performance. The
papers listed in Table 8.11 analyze empirically the intricate connections between
operational practices—such as supply chain integration, membership, and glitches
as well as just-in-time (JIT) inventory—and customer service, shareholder value,
and profitability measures; these measures include return on assets (ROA), return
on investment (ROI), return on sales (ROS), and profit margin. The relationship
between supply chain integration and financial metrics is fully mediated by cus-
tomer service (Vickery et al. 2003). Supplier integration has a positive effect on firm
performance, while system integration has a greater effect on financial metrics than
does process integration (Huo et al. 2013). The main effects of concentrated supply
chain membership are higher profits for downstream partners, and increased pro-
ductivity (more so than increased efficiency) is the main driver of ROA (Lanier
et al. 2010). Supply chain glitches are related to declines in shareholder wealth as
measured by abnormal stock returns and also to reduced firm performance as
measured by operating income, ROA, and ROS (Hendricks and Singhal 2003,
2005). Maximizing the productivity of inventory is positively related to subsequent
stock performance because portfolio returns depend on the timely consideration of
inventory information when making stock investment decisions (Alan et al. 2014).
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8.4.4 Joint Financing and Capacity Inventory Decisions

In contrast to supply chain finance that examines multiple firms’ decisions to
coordinate channel-wide material and monetary flows, most models of joint
financing and the capacity inventory decision analyze the interactions between
capital structure and operations strategy in a single-firm setting. The majority of this
research, which we summarize in Table 8.12, analyzes and optimizes the inter-
connections between operational strategies in capacity, production, and inventory
planning, on the one hand, and, on the other hand, financial instruments such as
loan, asset-based financing, initial public offerings, and supplier subsidies (Babich
and Sobel 2004; Buzacott and Zhang 2004; Dada and Hu 2008; Babich 2010; Chod
and Zhou 2014). The Modigliani–Miller theorem’s validity is frequently tested by
proposing conditions under which financing and operational decisions are inde-
pendent (e.g., Babich 2010) and by identifying the factors that render these two
functions inseparable (e.g., Babich and Sobel 2004; Buzacott and Zhang 2004). The
proposed jointly optimal decisions are intended to adjust loan terms and capital
structure toward the end of better matching supply with demand in both single- and
multi-product settings (Dada and Hu 2008; Chod and Zhou 2014).

The financing instruments employed typically aim to release the budget constraint
imposed on operational investment and thereby modify the interactions between
decisions that affect capacity inventory and financing. For instance, order quantities
and supplier subsidies are substitutes for the manufacturer in a proportional
random-yield model, and their relationship is determined by the convexity of the
manufacturer’s cost function in a model with up-front costs (Babich 2010).
Furthermore, an externally financed firm should invest more in flexible capacity than
should an equity-financed firm, since resourceflexibility ensures risk-pooling benefits
and reduces financing costs via more favorable credit terms (Chod and Zhou 2014). In
this setting, a firm operating on a secured loan should be more in favor of increasing
flexible capacity than a firm with an unsecured loan—irrespective of credit market
competitiveness (Boyabatli and Toktay 2011). A firm with less financial flexibility
should adopt dedicated capacities, across awide range of unit investment costs, unless
the capacity budget is severely constrained (Boyabatli et al. 2016).

8.4.5 Real Options and Hedging in Operations Management

The use of real options for operational hedging is based on the application of
financial options logic to supply chain and operations management; papers in this
vein are described in Table 8.13. Various types of real options–based operational
flexibility to postpone, expand, contract, exit, switch or improve operational deci-
sions can be adopted to mitigate sources of uncertainty, which include exchange
rate volatility, demand risk, and unreliable supply (Kogut and Kulatilaka 1994;
Huchzermeier and Cohen 1996; Kazaz et al. 2005; van Mieghem 2007; Wang et al.
2010).
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As described in Sect. 8.4.1, the real options valuation and hedging framework
sets the stage for integrated operational hedging and financial flexibility. The
management of currency risk by way of exercising production, switching, and
allocation options (Kogut and Kulatilaka 1994; Huchzermeier and Cohen 1996;
Kazaz et al. 2005) is in the mainstream of operational hedging via real options in
global supply chain networks. Here scholars have compared related management
strategies and explored how combining them can enhance firm profitability. For
instance, operational diversification, flexibility, and sharing strategies are evaluated
in a newsvendor network (van Mieghem 2007), where operational hedging favors
capacity with lower costs so that the market can be supplied with lower risk of profit
variability. The relative effectiveness—at improving supplier reliability—of making
process improvements versus flexible sourcing from multiple suppliers is examined
in the context of mitigating supply risk, where the combination of dual sourcing and
process improvements yields significant value when supplier reliability is low and/
or demand exceeds production capacity (Wang et al. 2010). In the presence of
supply chain network options, financial hedging via forward contracts on exchange
rates have limited impact on operational hedging (Huchzermeier and Cohen 1996).

8.4.6 Integrated Operational and Financial Planning
in Supply Chains

The joint planning of operational aspects and financial metrics in supply chain
networks is typically analyzed in optimization, computational, and simulation
models of relatively high complexity; see Table 8.14 for a list of leading papers in
this stream. Hence these research efforts have been invested in proposing effective
heuristics for supply chain planning (Guillen et al. 2007; Gupta and Dutta 2011)
and presenting the value of a holistic approach to simultaneous optimization of
operational and financial performance measures (Protopappa-Sieke and Seifert
2010; Longinidis and Georgiadis 2011, 2014).

In this context, discussion of financial aspects focuses on the management of
working capital and liquidity (Guillen et al. 2007; Protopappa-Sieke and Seifert
2010; Gupta and Dutta 2011; Longinidis and Georgiadis 2011) and on financing
schemes (Longinidis and Georgiadis 2014). At the same time, the operational
decisions address the scheduling of capacity, production, inventory, and distribu-
tion. The value of integrated operational planning and financial budgeting is
emphasized in comparison with traditional sequential approaches, under which
operational decisions are made first and financial adjustments are made afterwards
(Guillen et al. 2007). Under an integrated approach, managers also consider
shareholder value when designing a supply chain network (Longinidis and
Georgiadis 2011). Also, firms should evaluate the configuration of supply chain
infrastructure with an eye toward improving their financial ratios and while con-
sidering the outlook for real estate markets (Longinidis and Georgiadis 2014).
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8.4.7 Valuation and Risk Mitigation in Commodity Trading

Commodity risk management typically integrates the physical storage and trading
of commodities (e.g., grains, fruits, vegetables, precious metals, coal, oil, and
natural gas) and hedging via financial derivatives, see Table 8.15. This stream is
related to the analytical research on integrated operational and financial hedging of
currency risk, but it differs in that the volatility of commodity prices affects firms’
procurement costs and selling prices while exchange rate volatility has an effect on
foreign operations.

On the operational side, both storage capacity and inventory decisions are crucial
in matching a commodity’s supply with its demand. On the financial side, firms can
exploit the volatility of commodity prices by using the real options of storage assets
in commodity trading (Secomandi 2010a) and/or can mitigate that volatility by
using financial derivatives tied to commodity prices (Kouvelis et al. 2013; Turcic
et al. 2015). The valuation of commodity conversion assets, storage, and transport
capacity can be computed as spread options that are contingent on commodity
prices (Secomandi 2010b; Secomandi and Wang 2012). When a commodity storage
asset has space and capacity limits, the operational and trading decisions are
intertwined because the optimal strategy depends on both the commodity spot price
and the merchant’s inventory availability (Secomandi 2010a). Financial hedging
can reduce the inventory of risk-averse traders in a multi-period setting. It follows
that financial managers should incorporate inventory-level considerations into their
financial hedging decisions, and operational hedging by procuring inputs from the
spot market reduces risk more effectively than does financial hedging (Kouvelis
et al. 2013). Moreover, the risk of supply disruptions could, under certain cir-
cumstance, lead to financial hedging of input costs by both members of a two-firm
supply chain (Turcic et al. 2015).

8.4.8 Research Syntheses and Other OFI Topics

This category encompasses literature syntheses on the interactions between oper-
ations and finance and the clusters of papers on emerging topics that are neither
subsumed by any of the primary research streams (presented in Sects. 8.4.1–8.4.7)
nor sufficiently developed to constitute a new stream or field of research. Recall that
representative literature syntheses were summarized in Table 8.1. Promising and
innovative topics on the operations–finance interface are referenced when we dis-
cuss, in Sect. 8.5, potential directions for future research.
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8.5 Conclusions and Future Research

This chapter presents a bibliometric analysis and also a qualitative summary in
reviewing conceptual, analytical, and empirical research on the operations–finance
interface. Our citation and PageRank analyses identify the lead articles by citations
and PageRank in this field. We characterize the OFI research landscape by iden-
tifying eight research streams in the paper-citation network, and we summarize each
stream with reference to leading papers (in terms of a PageRank metric) and rep-
resentative articles from recent publications.

Opportunities for future research on operations–finance interface could be cap-
tured using one or more of the four approaches described next (Simchi-Levi 2014;
Tang 2017). The first of these is problem-driven research, or the identification and
optimization of real-world problems led by research questions that are relevant to
practice. For instance, a donor (e.g., of international funds) to the private-sector
supply chain may need to decide on whether to subsidize the sale or purchase of
malaria drugs so they will be more affordable to customers in developing countries;
in such cases, it may be suggested that the donor subsidize only purchases (and not
sales). Factors affecting the donor’s decision include product shelf life, pricing
flexibility, retailer heterogeneity, and the supply chain structure (Taylor and Xiao
2014). The second approach is phenomenon-driven research—that is, the obser-
vation and summary of related innovations that could motivate new research ideas
and questions. An example of this approach would be a proposal, inspired by the
phenomenon of product recalls, of three solutions to address the problem of product
adulteration: deferred payment for shipped product, closer inspection of the pro-
duct, or both. It has been demonstrated that deferred payment can successfully
prevent product adulteration by suppliers whereas inspection cannot, and com-
bining these mechanisms does not add value (Babich and Tang 2012).

Third, literature-driven research consists of advancing theory and further
developing previous insights in a program inspired and justified by the extant
literature. For instance, research advances in the areas of product or postponement
flexibility and financial hedging have led to the exploration of their relationship in a
risk-averse, multi-product setting (Chod et al. 2010). Finally, data-driven research,
or the collection and assessment of industry data, can deepen our understanding of
managerial insights and test for the existence of outcomes hypothesized by theo-
retical models. Thus, for example, a data set of more than 2000 loans to suppliers
has been used to compare pre- and post-bankruptcy financing costs (Houston et al.
2016); the authors report increased costs averaging 20% after bankruptcy that
underscore the effect of a buying firm’s bankruptcy on the financing costs of its
major suppliers.
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