
ARTICLE IN PRESS
0925-5273/$ - se

doi:10.1016/j.ijp

�Correspondi
E-mail addre

(P. Aggarwal), r
Int. J. Production Economics 108 (2007) 2–7

www.elsevier.com/locate/ijpe
Using risk-management tools on B2Bs:
An exploratory investigation

Prabhu Aggarwal�, Ram Ganeshan

Mason School of Business, College of William & Mary, PO Box 8795, Williamsburg, VA 23185, USA

Available online 17 January 2007
Abstract

Business-to-Business exchanges (B2Bs) have given procurement managers of certain non-commodity products and

services such as chemicals, semi-conductors, or bandwidth access to spot markets and risk management tools such as

futures or forward contracts. Our goal in this paper is to show how managers can integrate B2Bs and the risk management

tools they provide with the traditional practice of signing long-term contracts with preferred suppliers. Specifically, we

model a scenario where a manager has two procurement channels: the preferred supplier with an exogenously determined

contract price and the B2B with an uncertain spot price. The manager can, however, buy forward contracts (for a cost) to

mitigate price volatility. Facing uncertain demand, our model helps managers decide on the optimal ‘‘portfolio’’ of

procurement options, i.e., the quantity to buy from the preferred supplier, number of forward contracts to write, and when

necessary, use the spot market to satisfy demand.

r 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In the past two decades, the primary thrust of
supply chain practice has been characterized by the
use of efficient suppliers, collaborative decision-
making, and effectively balancing supply and
demand to best manage operations. In this quest
for efficiency, supply and procurement managers
typically execute long-term contracts (or reserve
capacity) with suppliers for products that are direct
inputs into manufacturing processes. The disadvan-
tage of long-term contracts is that it is often difficult
e front matter r 2007 Elsevier B.V. All rights reserved
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to react to demand volatility, especially in capital-
intensive industries.

Over the last 5 years, however, the emergence of
the business-to-business trading exchange (referred
to as ‘‘B2B’’ from now on) has transformed
procurement strategies. B2Bs are online markets
where buyers and sellers trade products either in
cash (the ‘‘spot’’ market) or via derivate instruments
such as options, futures, or forward contracts. On
the one hand, it has given procurement managers of
certain non-commodity products and services such
as chemicals, semi-conductors, or bandwidth a new
procurement channel to alleviate the demand risk
associated with long-term contracts. On the other
hand, B2Bs also expose procurement managers to
price volatility. Over the last 3 years, however, B2Bs
are offering buyers several risk management tools
.

www.elsevier.com/locate/ijpe
dx.doi.org/10.1016/j.ijpe.2006.12.044
mailto:prabhu.aggarwal@business.wm.edu
mailto:prabhu.aggarwal@business.wm.edu
mailto:ram.Ganeshan@business.wm.edu


ARTICLE IN PRESS
P. Aggarwal, R. Ganeshan / Int. J. Production Economics 108 (2007) 2–7 3
that can potentially alleviate this situation. Our goal
in this paper is to show how managers can integrate
B2Bs and the risk management tools they provide
(specifically a forward contract) into their procure-
ment process.

Specifically, we model a scenario where a manager
has two procurement channels: the preferred suppli-
er with an exogenously determined contract price
and the B2B with an uncertain spot price. The
manager can, however, buy forward contracts (for a
cost) to mitigate price volatility. Forwards are
customized contracts in which the manager agrees
to purchase the product from a seller at a future time
for a pre-determined price (see Hull, 2000). Facing
uncertain demand, our model helps managers decide
on the optimal ‘‘portfolio’’ of procurement options,
i.e., the quantity to buy from the preferred supplier,
number of forward contracts to write, and when
necessary, use the spot market to satisfy demand.

Our model borrows ideas from three major
streams of literature:

Financial Modeling: There is a large body of
literature on the modeling of financial services
including asset and liability management, portfolio
analysis, and options pricing (see Jarrow et al.
(1995) and Luenberger (1998) for reviews). Setting
the cost of writing the forward to its intrinsic value
is one idea that has emerged from this literature.

Supply Chain Contracts: Most of the research on
supply chain contracts (see Tsay et al. (1998) for a
review) either derive optimal inventory policies
given a kind of contract, or provide guidelines for
contract parameters, given the form of the contract.
Our model is related to a stream of research within
the contracts literature that deals with using multi-
ple sources with differing contract lengths (see for
example Cohen and Agrawal 1999; Akella et al.,
2002; Siefert and Thonemann, 2000). Two key
results emerge from this research: (a) firms typically
choose short-term contracts unless the long-term
contracts provide for a threshold cost improvement
over the planning horizon and (2) firms can improve
profitability by using the spot market. Much of the
research, however, deals with the spot market price
as an exogenous input (see Golovachkina and
Bradley 2003 and associated references). In our
model, the structure of the forward contract is
dependent on the spot market dynamics.

Modeling Contracts on B2Bs: Most papers in this
stream of literature (see for example Kleindorfer
and Wu, 2003; Spinler et al., 2003) model the
interaction between buyer and seller on the B2B as a
‘‘game’’ and provide optimal contracts that max-
imize utility of either buyer or seller or both.

The remainder of this paper is organized as
follows : Section 2 gives model development and
Section 3 illustrates both analytically and numeri-
cally the special case where the demand and spot
market price are both uniformly distributed, and in
Section 4 are our conclusions and directions for
future research.

2. Model development

Notation

W contract price with the preferred supplier
C forward contract price traded on the B2B
P stochastic spot price with pdf f(p) and cdf

F(p)
D stochastic demand with pdf g(D) and cdf

G(D)
X(C,p) cost of writing a forward contract on the

B2B (which is some function of C, the
forward contract price and f(p), the spot
price distribution). For notational ease, we
will just use X to denote cost of the forward

p unit penalty cost of not fulfilling the
contract with the preferred supplier

Q1 quantity procured by the buyer from the
preferred supplier

Q2 number of forward contracts bought at
price X

Assumptions and model description
1.
 The members of the supply chain are the
procurement manager (‘‘buyer’’ for now on), a
primary or the preferred supplier, and a B2B
where the buyer can trade with other suppliers
(we assume that the buyer does not trade on the
B2B with its preferred supplier) either in the
forwards or in the cash (spot) market.
2.
 We use a two-period model to illustrate the
interactions between the buyer and suppliers. In
Period 1, the buyer commits a quantity Q1 at a
price W to the preferred supplier. We assume that
that the buyer has the option to partially fulfill
this commitment but will have to pay a penalty
(p) for any units that were committed but not
bought. To hedge demand and market risk, the
buyer also buys Q2 forwards each costing X on
the B2B exchange executable at a price C in
Period 2. Both these decisions are made under
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demand (D) and spot market (p) uncertainty,
which will eventually be resolved in Period 2.
3.
 In Period 2, the demand for the product is
realized and the spot market price is observed by
the buyer. If realized demand D ¼ DrpQ1, the
buyer procures Dr units at W, and pays a
penalty p for reneging the commitment for
Q1–Dr units. If Q1pDrpQ1+Q2, the buyer will
procure Q1 units at W, Dr—Q1 units at the lesser
of C and the observed spot price p ¼ pr, i.e., if
the observed spot market price is lower, the
buyer will not exercise the forwards. We assume
that forward contract can be partially executed
without penalty (the only cost to the buyer is the
cost of the forward) and if Dr X Q1+Q2 the
buyer will procure Q1 units at W, Q2 units at the
lesser of C and pr and Dr– Q1– Q2 units at pr.
The buyer’s problem in Period 1 is to find Q1 and Q2

that minimizes the expected total cost of procure-
ment:

TCðQ1;Q2Þ ¼W minðQ1;DÞ þ XQ2

þ pðQ1 �DÞþ þminðp;CÞminðD�Q1;Q2Þ
þ

þ pðD�Q1 �Q2Þ
þ,

which can be rewritten as follows:
ðQ1;Q2Þ ¼W

Z
D�Q1

DgðDÞ dDþ XQ2 þ p
Z

DpQ1

ðQ1 �DÞgðDÞ dD

þ

Z Q1þQ2

D¼Q1

ðD�Q1Þ

Z
ppC

pf ðpÞ dpþ

Z
p4C

Cf ðpÞ dp

� �
gðDÞ dD

þ

Z
D4Q1þQ2

ðD�Q1 �Q2Þ

Z
p

pgðDÞf ðpÞ dDdp ð1Þ
Pricing forwards

When the buyer buys forwards priced at C in an
uncertain spot market p, the effective price of
procurement on the B2B is E(Min(C,p)), which is
less than E(p), the mean spot price. A fair forward
price for both the buyer and the suppliers trading on
the B2B is to make it equal to the intrinsic value of the
forward E(p)– E(Min(C,p)), which can be written as

X ¼ EðpÞ �

Z
ppC

pf ðpÞdpþ Cð1� F ðCÞÞ

� �
. (2)

In the absence of the preferred supplier or demand
risk, X can be interpreted as the cost where the
buyer is indifferent to writing forwards or making
trades in the spot (cash) market. If the forward is
priced above this value of X, the buyer would not go
for buying forwards and trade on the spot market.
On the other hand, if the forward is priced below
the above value of X, the buyer will never trade on
the spot market.

Proposition 1.
(a)
 For a given spot price distribution p, X

decreases as C increases.

(b)
 For a given E(p), X increases as the variability

in spot price increases.
Proof. Since E(Min(C,p)) increases with C, (a)
follows. Since the forward is more valuable if it is
executable at a lower price, the buyer is willing to
pay more for it. E(Min(C,p)) decreases with
increased variability in p, proving (b) implying that
the buyer is willing to pay more for a forward
executable at a certain fixed price as the uncertainty
in the spot market increases.

3. Analytical illustration: the case of the uniform

distribution

Consider the case where demand D�U(0,DH) and
the spot price p�U(a,b). Eq. (1) can be simplified
further and we obtain

TCðQ1;Q2Þ ¼
ðW þ pÞQ2

1

2DH

þ XQ2

þ
ðC2 � a2Þ þ 2Cðb� CÞ

4DH ðb� aÞ

þ
ðb2
� a2ÞðDH �Q1 �Q2Þ

2

4DH ðb� aÞ
ð3Þ

and from (2), the cost of buying a forward at price C

in Period 1 executable in Period 2 is

X ¼
ðb� CÞ2

2ðb� aÞ
. (4)
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For a given mean spot market price E(p) ¼ 100,
Fig. 1 shows the relationship between X and C,
for various spot market price distributions. As
expected, as C increases, the value of X decreases at
a decreasing rate. Also, consistent with the financial
modeling literature, the value of X increases as the
standard deviation of the spot price distribution
increases.

Proposition 2.
(a)
Table 1

The optimal portfolio

pro C pr4C

Drp Q�1 (Dr,0,0) (Dr, 0,0)

Q�1 o Drp Q�2 ( Q�1 ,0, Dr– Q�1 ) ( Q�1 , Dr– Q�1 ,0)

DrX Q�2 ( Q�1 ,0, Dr– Q�1 ) ( Q�1 , Q�2 , Dr– Q�1 – Q�2 )
For a given set of parameters, W, C, a, b, and
DH, TC is convex in Q1 and Q2 and their
optimal values are given by

Q�1 ¼
C1C2

1� C1C2
DH , (5)

and

Q�2 ¼
C3 � C1C2

1� C1C2
DH . (6)

C1, and C2, and C3 are constants defined as

C1 ¼
EðpÞ

EðpÞ þW þ p
; C2 ¼

EðpÞ

EðpÞ þ K
; C3 ¼

K

EðpÞ þ K

and

K ¼ EðMinðC; pÞÞ

¼

Z
ppC

pf ðpÞ dpþ Cð1� F ðCÞÞ

¼
2bc� a2 � c2

2ðb� aÞ
.

For a given set of parameters, C, a, b, and DH,
(b)

Q�1 decreases (and Q�2 increases) with an increase
in W.
(c)
 For a given set of parameters, W, a, b, and DH,
Q�1 increases (and Q�2 decreases) with an increase
in X.
(d)
 For a given set of parameters, C, W, and DH, Q�1
increases (and Q�2 decreases) with increase in
variability of the spot price distribution p.
The proofs for the above propositions are
relatively straightforward and the interested reader

can obtain them from the authors. Proposition 2 (a)
gives the manager the optimal procurement portfo-
lio as a function of the maximum possible demand
DH. If Dr is the realized demand and pr the observed
spot market price in Period 2, then the optimal
portfolio is given in Table 1 (represented as the
vector (units procured from preferred supplier,
forwards executed, units bought in the spot
market)).

Fig. 2(a) shows how for given parameters W

¼ 95, C ¼ 90, and p�U(50,150), the expected total
cost is convex in Q1 and Q2 and the optimal values
of Q�1 and Q�2 for this set of parameters are 34.56
and 27.65. So the optimal strategy will be to procure
any demand equal or less than 34.56 from the
preferred supplier. If proC, it is optimal to procure
any demand excess of 34.56 from the spot market. If
pr4C, the optimal strategy is to use as many
forward contracts as possible to cover demand in
excess of 34.56. Any demand in excess of 62.21,
however, must be procured from the spot market.
Additionally, for a given set of parameters, W, C, a,
b, Q�1=DH and Q�2=DH are constants so as DH

increases, Q�1 and Q�2 are proportionally scaled up so
the fraction is a constant. As the variability of the
spot market increases, it is easy to show that Q�1=DH

increases and Q�2=DH decreases.
Propositions 2(b–d) explore the sensitivity of the

optimal portfolio to relevant parameters. As the
contract price W of the preferred supplier increases,
the number of units contracted to this supplier also
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decreases while increasing the number of forwards
that are written on the B2B (Fig. 2(b)). On the other
hand, as the cost of writing the forward, X,
increases, the quantity of forward contracts de-
crease while increasing the quantity bought from the
preferred supplier (Fig. 2(c)). Finally, as the
uncertainty in spot price distribution increases, so
does the quantity procured from the preferred
supplier. This is simply a result of the forward
contracts getting more expensive as uncertainty
increases (Fig. 2(d)).

4. Summary and conclusions

Facing demand and price risk, our model helps
managers decide on the optimal ‘‘portfolio’’ of
procurement options from two sources: a preferred
supplier with a known price and a B2B that
represents a spot market. However, the manager
also has the ability to write forward contracts on the
B2B to protect against price risk. The outputs of our
model are the quantity to buy from the preferred
supplier (Q�1), number of forward contracts to write
(Q�2) and eventually execute on the B2B, and when
profitable or necessary, the quantity to procure
from the spot market.

When demand and spot market price are both
uniform distributions, we:
1.
 derive closed form solutions for Q�1 and Q�2 and

2.
 all other parameters being equal, Q�1 increases

(and Q�2 decreases) with a decrease in the



ARTICLE IN PRESS
P. Aggarwal, R. Ganeshan / Int. J. Production Economics 108 (2007) 2–7 7
preferred supplier price (W), or when the cost of
writing the forward (X) increases, or when the
variability of the spot price distribution in-
creases.
Here are some suggestions for future research:
1.
 We have explored one derivative instrument—
the forward. B2Bs, in addition to other deriva-
tive instruments such as options and swaps, now
offer a wide variety of contractual options such
as service and delivery contracts. Future re-
search can explore how these contracts can be
effectively used.
2.
 How will the model change for different spot
market and demand distributions?
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