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We consider a price-setting newsvendor model in which a firm needs to make joint inventory and pricing
decisions before the selling season. The supply process is uncertain such that the received quantity is the
product of the order quantity and a random yield rate. Two cost structures are investigated, the in-house
production case in which the firm pays for the input quantity and the procurement case in which the firm
pays for the quantity received only. Our objective is to investigate the effect of yield randomness on opti-
mal decisions and expected profit. By using the theory of stochastic comparisons, we find that under both
cost structures, a less variable yield rate leads to a lower optimal price and a higher expected profit.
Moreover, we show that in the in-house production case, a stochastically larger yield rate also results
in a lower optimal price and a higher profit, but this is not true in the procurement case. Examples show

that the effect of supply uncertainty on optimal order quantity is not universal.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

A fundamental problem in supply chain management is how to
match supply and demand so that the system operates effectively.
However, manufacturers and retailers often suffer supply process
uncertainty in addition to demand uncertainty. When the supply
process is random, the quantity received may be different from
the quantity ordered. Random yield is one common manifestation
of supply uncertainty, whereby the firm receives a random portion
of an order placed with a supplier. Yield uncertainty exists in many
industries, including semiconductors, electronic fabrication and
assembly, food processing, bio-pharmaceuticals, and resource-
based industries such as mining and agriculture.

The existence of supply process uncertainty often results in
lower supply chain performance. Firms may engage in various
yield improvement activities and efforts such as new production
technology, total quality control, RFID (radio frequency identifica-
tion), and process-improvement to alter yield rates or increase the
accuracy of yield rate information. In other words, these efforts
make the yield rate stochastically larger or less variable. Hence,
many interesting questions arise. Will these efforts increase the
firm’s profit? Under a stochastically larger or less variable yield
rate, will the firm decrease order quantities? If the firm is a price
setter, will a larger or less variable yield rate decrease the optimal
price? The need to answer these questions is the motivation of this
paper. Besides supply uncertainty, we assume that the firm faces a
price-dependent and stochastic demand. Before the selling season,
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the firm makes joint pricing and inventory decisions. If the realized
demand is less than the inventory, leftover inventory is salvaged. If
demand exceeds inventory, unmet demand is satisfied by an emer-
gency order/production option at a higher unit cost.

In practice, there are two costing schemes: the in-house pro-
duction case (manufacturing setting), where the cost depends on
the production input quantity, and the procurement case (retailing
setting), where the firm only pays for the quantity received. In the
in-house production case, yield uncertainty is usually caused by
defective units during the production process but the manufac-
turer needs to pay for all of the input quantity. This is an especially
common phenomenon when remanufacturing returned products.
In the procurement case, the firm usually pays for the quantity re-
ceived. We assume in both cases that the received quantity (“good”
products) is the product of the production/order quantity and a
random yield rate.

By using the method of stochastic comparisons, we can show
the effects of yield randomness on the optimal decisions and the
expected profits for both the in-house production case and the pro-
curement case. When the yield rate becomes less variable, its ef-
fects in these two cases are similar. A less variable yield rate
(please refer to Definition 2) will lead to a lower optimal price
and higher expected profit, whereas the order quantity may be
higher or lower. However, when the yield rate becomes stochasti-
cally larger (please refer to Definition 1), its effects on the two
cases are quite different. For the in-house production case, a sto-
chastically larger yield rate leads to a lower selling price and higher
expected profit. For the pure procurement case, a stochastically
larger yield rate may result in a lower or higher selling price, and
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a lower or higher expected profit. In both cases, a larger yield rate
may lead to a lower or higher order quantity.

The rest of the paper is organized as follows. The relevant liter-
ature is reviewed in Section 2. We present the model and give
some definitions and preliminaries in Section 3. Then, we investi-
gative the effects of supply uncertainty on optimal decisions and
expected profits for the in-house production case and the pure pro-
curement case in Sections 4 and 5, respectively. Finally, we con-
clude the paper in Section 6. All proofs are put in Appendix A.
The analysis on the additive form of yield error structure can be
found in Appendix B.

2. Literature review

This paper is related to several streams of literature. The first
stream is on the price-setting newsvendor problem. For a compre-
hensive review, see the work of Petruzzi and Dada (1999), Yano
and Gilbert (2003), Yao et al. (2006), Qin et al. (2011) and the ref-
erences therein. Additive and multiplicative forms are two com-
monly used demand models in the newsvendor pricing literature
(see, e.g., Petruzzi and Dada, 1999; Agrawal and Seshadri, 2000;
Chen et al., 2009). We assume that the demand model is multipli-
cative, which can be represented as the product of a deterministic,
price-dependent demand function and a random noise term (see,
e.g., Monahan et al., 2004; Granot and Yin, 2005, 2008; Song
et al., 2009; Chen and Bell, 2009). Studies in this stream do not usu-
ally consider supply uncertainty.

The second stream cares optimal inventory decisions under
supply uncertainty due to random yield. Yano and Lee (1995)
provide an excellent review of this literature. Recent works in-
clude those of Bollapragada and Morton (1999), Khouja (1999),
Gupta and Cooper (2005), Keren (2009), Guler and Bilgic
(2009), and Li et al. (2012). The stochastically proportional yield
model is the most widely studied (see, e.g., Shih, 1980; Henig
and Gerchak, 1990; Li and Zheng, 2006; and Liu et al., 2010),
and is also used in this paper. Burke et al. (2009) investigate a
model with multiple unreliable suppliers. They derive some
structural results including the total order quantity, the number
of suppliers selected for order placement, and the exact quantity
of units ordered from each of these suppliers. Rekik et al. (2007)
consider both the stochastically proportional yield and additive
yield error models and characterize the structure of optimal or-
der quantity based on different system parameters when both
demand and yield error follow some commonly-used distribu-
tions. They also study the benefit of making supplier 100% reli-
able. The additive yield error model was also exploited in
Keren (2009) and Li et al. (2012). For other classes of yield mod-
els, please refer to Dada et al. (2007). Most papers in this line of
research focus on determining optimal lot size or characterizing
the structure of the optimal inventory policy.

Several papers have studied the effect of supply uncertainty on
optimal expected profit (Gerchak and Henig, 1994; Gupta and
Cooper, 2005; Liu et al., 2010). Gerchak and Henig (1994) show
that when yield is binomial, a stochastically larger yield results
in a greater expected profit. Gupta and Cooper (2005) present an
example to show that a stochastically larger yield rate may not
be beneficial to the firm (due to existence of holding cost), i.e., a
better yield rate distribution may give lower optimal expected
profit. The single period model that Gupta and Cooper (2005) con-
sider can be handled by the current model when the price is given.
However, we assume that the leftover inventory is salvaged. Liu
et al. (2010) study the impact of supply reliability on a retail firm’s
performance under joint marketing and inventory decisions and
show that a stochastically larger yield rate always leads to a higher
expected profit. However, all of these papers assume an exogenous

price and only consider the cost structure of the in-house produc-
tion case.

In the literature on production planning under supply uncer-
tainty, selling price is commonly assumed to be exogenously given.
However, there are a few exceptions. Tang and Yin (2007) study
the pricing policy under supply uncertainty and examine the im-
pact of that uncertainty on optimal decisions with a known,
price-dependent demand. Kazaz (2004) studies production plan-
ning for olive oil with random yield and stochastic demand where
both the selling price and purchasing cost of fruit are yield-depen-
dent. Recently, Kazaz and Webster (2011) consider an agricultural
firm that operates under supply uncertainty and yield-dependent
trading costs. They extend Kazaz (2004) by considering determin-
istic, price-dependent demand and offering a risk-averse analysis,
and considering the influence of fruit futures. Kazaz and Webster
(2011) focus on the impact of the yield-dependent trading cost
on the optimal selling price and production quantity. Kazaz
(2008) studies a similar model with two model settings: an early
pricing model and a postponed pricing model. Kazaz (2008) fo-
cuses on identifying the optimal selling price and production deci-
sions for the two models. Our paper is close to those of Kazaz and
Webster (2011) and Kazaz (2008) because we also model the prob-
lem by using an emergent purchasing option and price-dependent
stochastic demand. However, our focus is on the impact of supply
uncertainty on both optimal decisions and expected profits, and
analyzing the differences between the in-house production and
pure procurement cases. To the best of our knowledge, this is the
first paper to study the effect of supply uncertainty on optimal
decisions and expected profit with a price-dependent stochastic
demand under the cost structures of both the in-house production
case and the procurement case.

In this paper, we assume that the firm has an emergency order/
production option for excessive demand. Hence, papers that adopt
an emergency supply option in newsvendor models constitute the
third stream of related literature. The emergency supply option can
be traced back to Barankin (1961) in the newsvendor setting. With
the emergency supply option, in additional to a “normal order” be-
fore the start of the selling season, the inventory manager may use
an “emergency order” to fulfil shortages after demand realization,
usually at a higher production/purchase cost. The emergency sup-
ply option in the newsvendor setting has been further considered
by Gallego and Moon (1993), Eeckhoudt et al. (1995), Khouja
(1996), Agrawal and Seshadri (2000), Lodree et al. (2008), and
Lee and Lodree (2010). Lee and Lodree (2010) provide a practical
example of textbook ordering in a bookstore wherein an emer-
gency order may be used after demand realization. Xu (2010) stud-
ies the order and production problems in a decentralized supply
chain with random yield and random demand. In his model, the
manufacturer places an option order to the supplier before the sell-
ing season and the supplier may carry out an emergency produc-
tion if the realized yield is low or the realized demand is high.
The existence of an emergency supply option may have more
advantages in enhancing supply chain performance, especially in
random yield settings, see the examples offered by He and Zhang
(2008, 2010), and He and Zhao (2012).

Finally, we adopt stochastic comparison techniques to study the
effect of supply uncertainty. In the field of operations management,
a number of papers study the effect of demand uncertainty using
stochastic orders. Gerchak and Mossman (1992) show that less
variable demand through risk pooling (when several independent
random demands are aggregated into one) does not necessarily
lead to a lower order quantity in a newsvendor setting. Ridder
et al. (1998) show that demand distributions with higher variabil-
ity may lead to a lower cost in a newsvendor problem. Song (1994)
indicates that more variable leadtime demand will always lead to a
higher long-run average cost, but a stochastically larger leadtime
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