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D riven by increasing costs in the traditionally regarded low-cost manufacturing bases (e.g., China), many firms have
started to outsource their production to the regions of even lower costs (e.g., Southeast Asia). However, a new envi-

ronment may involve higher cost uncertainty and severer information asymmetry. Motivated by these observations, we
consider a sourcing game where competing firms choose between a supplier with transparent certain cost (type-C sup-
plier) and a supplier with potentially lower but less transparent, uncertain cost (type-U supplier). We characterize the
equilibrium of the sourcing game and study how different parameters affect the firms’ sourcing strategy and profit perfor-
mance. First, we find that due to information asymmetry, a large market size can make firms prefer the C-supplier to the
U-supplier even if the latter has a lower average cost. Second, reducing the cost uncertainty or improving the signal accu-
racy of the U-supplier does not necessarily make it more attractive to sourcing firms, which cautions the suppliers when
making efforts to mitigate cost uncertainty or improve cost estimation. Third, higher competition intensity makes the
diversified sourcing strategy more likely to be adopted under certain conditions. Interestingly, increasing the cost of the
C-supplier (e.g., a cost hike in China) may make both sourcing firms better off because it can lead to a new sourcing equi-
librium. Finally, this study shows that the direction of quantity distortion under the optimal competitive mechanism dif-
fers from that under the traditional monopolistic setting.
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1. Introduction

The business media has recently reported that the cost
advantage of traditionally regarded low-cost manu-
facturing bases is being eroded as a result of a combi-
nation of factors. By analyzing the world’s 25 leading
exporting economies along four key dimensions—
manufacturing wages, labor productivity, energy
costs, and exchange rates—the Boston Consulting
Group finds that China’s estimated manufacturing-
cost advantage over the United States has shrunk to
< 5%, and Brazil is now estimated to be more expen-
sive than much of Western Europe (Sirkin et al. 2014).
These facts have driven many companies to rethink
their global supply chain strategies.
For product and component sourcing, firms have

begun to target Southeast Asia as one attractive sour-
cing destination. According to The Economist (2015),
“the average factory worker in China earns $27.50 per
day, compared with $8.60 in Indonesia and $6.70 in

Vietnam.” Although Southeast Asia is seemingly
attractive in terms of low nominal wages, there is
extensive discussion around the drawbacks there.
First, many empirical evidences have suggested that
the true cost of sourcing from suppliers in this region
is far less clear. According to the McKinsey Global
Institute, import/export costs are 24% higher in
ASEAN (Association of Southeast Asian Nations)
than in China, and the region’s customs procedures
take 66% longer than the OECD average (Woetzel
et al. 2014). The mediocrity of infrastructure (e.g.,
roads, power supplies)—compared with China—
adds costs. Second, as new supply bases, suppliers in
Southeast Asia still remain “mysterious” to global
buying firms due to the lack of previous interactions.
It is believed that prior relationships mitigate infor-
mation frictions between buyers and suppliers (Cost-
ello 2013).1 Thus, lack of previous interactions will
inevitably aggravate the issue of information asym-
metry. As a consequence, firms sourcing from
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Southeast Asia may find themselves at an informa-
tional disadvantage. Such information asymmetry
may even represent an important barrier to global
trade (Hortacsu et al. 2009).
These features of the suppliers’ cost structure in

Southeast Asia create a challenge for firms at the
crossroad in choosing a sourcing location and design-
ing procurement contract. On the one hand, the cost
advantage at well-established manufacturing bases
(e.g., China) has been shrinking so that the regions
such as Southeast Asia seem to have nominal cost
advantage; on the other hand, there is significant cost
uncertainty and a lack of transparent information for
these less expensive regions. Should a firm select a
supplier with transparent, certain cost (referred to as
C-supplier), or a supplier with potentially lower, but
uncertain cost (referred to as U-supplier who is
endowed with more cost information than the buyer)?
Such a question may frequently arise given contem-
porary global business environment. The answer to
this question depends on the trade-off between cost
efficiency and the potential impact of cost uncertainty
and information asymmetry. Such a trade-off can be
quite involved because nowadays most firms operate
under a global, competitive environment. According
to a PwC/Duke Offshoring Research Network survey
study, competitive pressures are one of the top four
drivers of global sourcing (PwC 2010). Thus, firms
need to take into account their competitor’s sourcing
strategy when evaluating the trade-off.
To our knowledge, the trade-off between cost effi-

ciency and cost information uncertainty/asymmetry
in a competitive setting has not been explored in the
literature. The goal of this study is to obtain a better
understanding of how such a trade-off drives firms’
sourcing strategies. For this purpose, we develop a
game-theoretic model where two firms sell substi-
tutable products in the same market. The firms first
choose their supplier (either a C-supplier or U-sup-
plier), then offer a contract (or a menu of contracts) to
the selected supplier, and finally engage in Cournot
(quantity) competition with each other. If a firm
chooses a C-supplier, it knows the production cost of
the supplier; if a firm chooses a U-supplier, it has a
prior belief about the distribution of this supplier’s
cost, whereas the supplier itself has better information
about its own cost (e.g., the U-supplier knows better
about the local environment as well as its own pro-
duction efficiency than the sourcing firm). Depending
on the firms’ sourcing strategies, we consider three
possible sourcing structures, or subgames: cc, with
both sourcing from C-suppliers; uu, with both sour-
cing from U-suppliers; and cu (or uc), with one firm
sourcing from a C-supplier and the other sourcing
from a U-supplier. This sourcing game can be solved
using backward induction: First, we characterize the

equilibrium of the competitive mechanism design
game under each sourcing structure; then we derive
the equilibrium of the sourcing game by comparing
the firms’ expected profits under the three sourcing
structures.
With this model setup, we show that when C-sup-

plier’s cost is equal to the average cost of U-supplier,
both firms will source from C-suppliers in equilib-
rium. It is well known that such a result will be
reversed if there is no information asymmetry
because firms prefer variable cost under Cournot
competition (Vives 1999). This implies the presence of
information asymmetry has a significant impact on
the sourcing equilibrium. In the main analysis of
firms’ sourcing strategies, we focus on the situation in
which the average cost of U-supplier is lower than the
cost of C-supplier, which reflects the common belief
that suppliers in Southeast Asia have lower produc-
tion costs on average. Under this practical situation,
we analyze how market size, U-supplier’s cost uncer-
tainty and signal accuracy, and the competition inten-
sity influence the firms’ competitive sourcing
strategies.
The main results of this study are summarized as

follows. First, given the sourcing structures cu and uu,
we find that the firms’ profits are not monotonic in
the level of cost uncertainty, measured by the gap
between the two cost types. That is, reducing cost
uncertainty does not necessarily benefit the firms,
which suggests that they need to be cautious when
investing in uncertainty reduction activities.
Having analyzed the three sourcing structures, we

then characterize the equilibrium of the sourcing
game. We show that market size plays an important
role in determining the sourcing equilibrium: When
the market size is sufficiently small (large), both firms
source from U-suppliers (C-suppliers); when the mar-
ket size is medium, firms adopt the diversified sour-
cing strategies even though they are ex ante
symmetric. This is because when sourcing from U-
suppliers, firms need to pay the information rent,
which may offset the overall benefit from the U-sup-
pliers’ nominal cost advantage, and the information
rent increases with the market size. Consequently, C-
suppliers become more attractive with a larger market
size despite their higher average cost. In addition,
both cost uncertainty and signal accuracy of the U-
supplier have non-monotonic effects on the sourcing
equilibrium. In other words, reducing cost uncer-
tainty or improving cost estimation may not necessar-
ily imply that U-suppliers will be more likely chosen
by the firms. We also show that intensified competi-
tion can favor either C-suppliers or U-suppliers,
depending on the current competition level. More
interestingly, we find that both firms can be better off
when the C-supplier’s cost increases. This implies
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that, contrary to our intuition, the rising cost of Chi-
nese suppliers may benefit all the sourcing firms.
Finally, we find that in subgames cu and uc, the

firms distort downward the order quantities when
facing both high-cost and low-cost U-suppliers. This
result is in contrast with the standard result in the lit-
erature that “no distortion at the top but downward
distortion at the bottom” for a single supply chain,
highlighting the important implication of competition
in the optimal contract design with asymmetric infor-
mation.
The remainder of this study is organized as follows.

Section 2 reviews the related literature, and section 3
sets up the model. We analyze the mechanism design
subgames in sections 4 and 5. The first stage’s sour-
cing game is studied in section 6. Finally, we conclude
in section 7. All proofs are presented in the appen-
dices.

2. Literature Review

This paper studies a sourcing game where the firms
engage in Cournot competition and the suppliers
may have private cost information. There is a stream
of research that studies contracting problems under
asymmetric cost information in supply chain set-
tings. The representative studies include, for exam-
ple, Corbett and de Groote (2000), Corbett (2001), Ha
(2001), Corbett et al. (2004), Cachon and Zhang
(2006), Zhang (2010), €Ozer and Raz (2011), Bolandifar
et al. (2018), and Hu and Qi (2018). Most of these
studies focus on screening models where the unin-
formed player moves first by offering a menu of con-
tracts to elicit the informed player’s private cost
information. Similarly, there is a line of research that
considers asymmetric information in other dimen-
sions and problem settings. For instance, Cachon
and Lariviere (2001), €Ozer and Wei (2006), Burnetas
et al. (2007), and Oh and €Ozer (2013) consider asym-
metric demand information. Yang et al. (2009) con-
sider asymmetric information regarding supply
disruption risk. Kostamis and Duenyas (2011) exam-
ine a situation where a downstream firm (i.e., an
OEM) possesses two-dimensional private informa-
tion: demand and cost. Kayis et al. (2013) examine
the problem of delegation vs. control when a buyer
purchases two components that are each produced
by different privately informed suppliers. Li et al.
(2015b) study supply contract design for competing
suppliers under asymmetric demand information
with a focus on the trade-off between cost advantage
and information rent. Most of the above studies con-
sider either a one-to-one or one-to-many supply
chain structure. In contrast, we consider competing
supply chains with asymmetric cost information.
That is, we extend the supply contract design

problem with information asymmetry to a competi-
tive setting.
Our model studies a setting with competing supply

chains, and hence is related to the literature on chain-
to-chain competition and oligopolistic competition.
Under chain-to-chain competition, some of the stud-
ies in marketing explore the effect of channel struc-
ture and product differentiation on channel
performance (Choi 1996, McGuire and Staelin 1983,
Moorthy 1988). The economics literature studies the
managerial incentives in oligopolistic settings; see the
seminal paper by Fershtman and Judd (1987). Nota-
bly, the above literature studies games with full infor-
mation. Several recent papers have started to
incorporate asymmetric information into models for
various problem settings. In operations management,
Ha and Tong (2008) investigate the contract design
and information-sharing decisions in two competing
supply chains. Ha et al. (2011) study the incentive of
vertical information sharing when the upstream
firms’ production technologies exhibit diseconomies
of scale. Etro and Cella (2013) study incentive con-
tracts for competing firms that engage in R&D activi-
ties by hiring privately informed managers. In Li
et al. (2015a), a supplier may encroach and compete
with a reseller. The paper characterizes the supplier’s
optimal nonlinear contract when the reseller has bet-
ter market size information. They find that due to the
supplier’s potential subsequent encroachment and
competition, the quantities sold through the reselling
channel can distort upward. Our paper also studies a
competitive setting. However, the problem we focus
on is different: We examine how the interaction of
downstream competition and asymmetric informa-
tion affects firms’ contract design and supplier-selec-
tion decisions. As a result, we find some results that
have not been reported in the existing literature.
Another closely related literature studies firms’

sourcing and/or outsourcing strategies under compe-
tition. Many papers have documented the benefit of
outsourcing in comparison with insourcing (Cachon
and Harker 2002, Gilbert et al. 2006). As opposed to
these findings, Feng and Lu (2012) show that low-cost
outsourcing may lead to a win–lose situation where
suppliers gain while manufacturers lose. Specifically,
they investigate competing manufacturers’ sourcing
decisions by using a multi-unit bilateral bargaining
framework. Wu and Zhang (2014) analyze a multi-
stage sourcing game for competing firms that choose
either responsive sourcing or efficient sourcing. Their
focus is on how demand information accuracy and
correlation, as well as the deterministic cost differ-
ence, affect firms’ equilibrium sourcing strategies.
Our paper differs from this literature in that we are
concerned with the effect of cost information uncer-
tainty/asymmetry and cost difference on firms’
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contracting and sourcing decisions; the sourcing cost
from the supplier with private information is the out-
come of a mechanism design problem under competi-
tion.
Finally, there is an economics literature on competi-

tive mechanism design. For the representative papers,
please refer to Peters and Severinov (1997), Epstein
and Peters (1999), and McAfee (1999). This stream of
literature considers a setting where multiple princi-
pals compete in selling goods to a common pool of
agents by designing mechanisms. The focus is on
characterizing the equilibrium mechanism choices for
the principals and the equilibrium bidding strategies
for the agents. Both the model setting and results from
our paper are quite different: The principals are buy-
ers instead of sellers; in addition, the principals make
supplier selection decisions initially, and then offer an
exclusive contract or contract menu to their own
agent (i.e., supplier) by taking into account the com-
petitor’s optimal mechanism.

3. The Model

Consider two firms selling substitutable products in
the same market. The firms can be either manufactur-
ers or retailers. For easy reference, we will call the
firms manufacturers and use “she” to refer to a manu-
facturer. Suppose the manufacturers engage in Cour-
not competition, which is commonly used in the
literature (see, e.g., Ha and Tong 2008, Ha et al. 2011,
Wu and Zhang 2014). The market-clearing price is
pk ¼ A � qk � cq3�k, k = 1,2, where A is the market
size, qk is manufacturer k’s output quantity, and
c 2 [0,1] measures the competition intensity.
We study a procurement setting where the manu-

facturers source their product (or a critical input)
from exclusive suppliers. We will use “it” to refer to a
supplier. In the procurement context, two of the most
important decisions facing the manufacturers include
supplier selection and procurement contract design.
Motivated by the recent debate about the manufactur-
ing costs in different regions, we consider two types
of suppliers: the suppliers with a transparent cost c
(i.e., C-suppliers) and those with a non-transparent,
uncertain cost ĉ (i.e., U-suppliers). One possible inter-
pretation is that the C-suppliers are from well-estab-
lished manufacturing bases with greater transparency
(e.g., China) while the U-suppliers are located in
regions with potentially lower costs that are less
known to outsiders (e.g., Southeast Asia).
We are interested in situations where each manu-

facturer only contracts with one supplier. Sole sour-
cing provides multiple well-known benefits for an
organization, such as reductions in product variation,
training required, and cost of quality (Dipak 2002).
When buyers have special product implementation

needs, it takes time to develop a supplier and effec-
tively convey all the technical specifications so as to
make sure all the guidelines are strictly followed by
suppliers. Thus, in situations where developing or
managing suppliers is very costly, it might not be
worthwhile sourcing from multiple suppliers.
The sequence of the multi-stage sourcing game

under Cournot competition is as follows: First, the
manufacturers simultaneously decide which type of
suppliers to source from. Denote a C-supplier by Sc,
and a U-supplier by Su. Based on the manufacturers’
supplier selection decisions, there are four possible
sourcing structures: ðSc; ScÞ, ðSc; SuÞ, ðSu; ScÞ, and
ðSu; SuÞ. These correspond to four subgames: cc, cu, uc,
and uu. In reality, it is not uncommon that there are
uncertainties associated with the suppliers’ produc-
tion costs. However, the U-supplier’s capability is
generally more uncertain and less known to outsiders.
Therefore, we normalize the cost uncertainty of the C-
supplier to zero for analytical transparency, while the
manufacturers have a prior belief about the distribu-
tion of U-supplier’s cost (details will be provided later
in this section).
Second, the manufacturers develop their selected

suppliers’ technological capability in terms of product
quality, reliability, or delivery performance. After
supplier development, the U-supplier, after knowing
the details of the manufacturer’s needs about the pro-
duct, obtains a better understanding of its own pro-
duction cost. The U-supplier’s better information
compared to the manufacturer’s is modeled by a cost
signal; that is, the U-supplier receives a cost signal s
about its unit cost, which is assumed to be either high
(sh) or low (sl). The signal is the U-supplier’s private
information and is unobservable to the manufacturer.
Thus, there exists information asymmetry between
the manufacturer and the U-supplier.2

Third, under each subgame, the manufacturers
offer a procurement contract to their exclusive sup-
plier. If a manufacturer chooses a U-supplier who
holds private cost signal, then she offers a menu of
contracts to screen the type of the chosen supplier. If a
manufacturer chooses a C-supplier, she offers a take-
it-or-leave-it contract to the supplier. Note that the
contract terms in one supply chain are not observable
to the competing chain. Each manufacturer forms a
belief about the opponent’s strategy (instead of
observing it) to obtain the best response functions,
and the equilibrium contract terms for both manufac-
turers are derived by jointly solving the best response
functions.
Lastly, the C-supplier decides whether to accept the

contract offered by its buyer, and/or the U-supplier
decides which contract to select from the con-
tract menu. Then, the manufacturers’ total outputs
determine the market-clearing price, and the
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manufacturers collect their profits. We assume all par-
ties are risk neutral in the sourcing game. Without los-
ing generality, the reservation profit (i.e., the best
outside option) for each party is normalized to zero.
In the following, we specify the detailed cost infor-

mation structure and the updating mechanism. Prior
probabilities of U-supplier’s cost: From the manufactur-
ers’ perspective, the U-supplier’s ex ante cost ĉ is
drawn from a two-point distribution with
Prðĉ ¼ clÞ ¼ Prðĉ ¼ chÞ ¼ 1=2, where ch [ cl. In the
later comparative statics analysis, we define
ch ¼ l þ d and cl ¼ l� d, where d measures the ex
ante cost uncertainty. This assumption is for ease of
exposition; the qualitative results will remain
unchanged if we extend to a multi-point distribution
or a weight other than 1/2; please see Appendix C for
the possible extension to multi-point distributions.
Conditional probabilities given signal quality: Suppose

the probabilities of signals conditional on costs are

PrðsljclÞ ¼ PrðshjchÞ ¼ a and

PrðsljchÞ ¼ PrðshjclÞ ¼ 1� a;

where a 2 (1/2,1] measures the signal quality or
accuracy. When a = 1, the signal reveals perfect
information. When a = 1/2, the signal does not con-
vey any information and essentially there is no
information asymmetry between the U-supplier and
the manufacturer.
Using Bayes’ Theorem, we can calculate the poste-

rior probabilities based on the above prior and condi-
tional probabilities. We have

PrðcljslÞ ¼ PrðsljclÞPrðclÞ
Pr ðsljclÞPrðclÞ þ PrðsljchÞPrðchÞ ¼ a;

and similarly, PrðchjshÞ ¼ a; PrðchjslÞ ¼ 1 � a;
PrðcljshÞ ¼ 1 � a. We can also calculate the marginal
probabilities of the signals as PrðslÞ ¼ PrðshÞ ¼ 1=2.
For convenience, we let Ĉ � ĉjs denote the U-sup-

plier’s cost conditional on the received signal s, which
we term the conditional cost. Since the signal may be
high or low, the conditional cost Ĉ may take the fol-
lowing two values,

Ck ¼ clPrðcljskÞ þ chPrðchjskÞ; for k ¼ l; h: ð1Þ
Note that in our model, even though the U-supplier
observes its private signal, it still faces cost uncer-
tainty. Therefore, Ck essentially measures the
expected cost conditional on the signal sk. Specifically,
Cl ¼ acl þ ð1 � aÞch and Ch ¼ ach þ ð1 � aÞcl.
Thus, we have Ch � Cl ¼ ð2a � 1Þðch � clÞ [ 0,
implying that a higher signal translates to a higher
conditional cost. We can also show that the expected

conditional cost is E½Ĉ� ¼ ðCh þ ClÞ=2 ¼ ðch þ clÞ=2.

Correlation between signals: If both manufacturers
choose U-suppliers, the U-suppliers’ costs may be cor-
related. We model the cost correlation by explicitly
specifying their joint distributions as follows:

Prðĉi ¼ cl; ĉj ¼ clÞ ¼ Prðĉi ¼ ch; ĉj ¼ chÞ ¼ s;

Prðĉi ¼ cl; ĉj ¼ chÞ ¼ Prðĉi ¼ ch; ĉj ¼ clÞ ¼ 1

2
� s:

It follows that the correlation coefficient between ĉi
and ĉj is 4s � 1, where a greater value of s indicates a
stronger correlation. In particular, s = 1/2 corre-
sponds to perfect correlation and s = 1/4 represents
the case with independent costs. Since the U-suppliers
are located in the same region, we assume
1/4 < s ≤ 1/2, that is, from the manufacturers’ per-
spective, their costs are positively correlated. We also
assume U-suppliers’ signals are conditionally inde-
pendent given their costs, that is, Prðsi ¼ sk; sj ¼
sk0 ĵci ¼ cm; ĉj ¼ cm0 Þ ¼ PrðskjcmÞPrðsk0 jcm0 Þ for any
k; k0;m;m0 2 fl; hg.
Now we can derive the joint distribution of U-sup-

pliers’ signals as follows

Prðsi ¼ sl; sj ¼ slÞ ¼ sð2a� 1Þ2 þ að1� aÞ:

Similarly, we obtain

Prðsi ¼ sh; sj ¼ shÞ ¼ sð2a� 1Þ2 þ að1� aÞ;
Prðsi ¼ sl; sj ¼ shÞ ¼ Prðsi ¼ sh; sj ¼ slÞ ¼

� sð2a� 1Þ2 þ ½a2 þ ð1� aÞ2�=2:

For convenience, define b � sð2a � 1Þ2 þ að1 � aÞ.
It can be readily shown that 1/4 < b ≤ 1/2 for
a 2 (1/2,1] and s 2 (1/4,1/2]. We can then use b to
represent the joint probabilities of U-suppliers’ sig-
nals below:

Prðsi ¼ sl; sj ¼ slÞ ¼ Prðsi ¼ sh; sj ¼ shÞ ¼ b;

Prðsi ¼ sl; sj ¼ shÞ ¼ Prðsi ¼ sh; sj ¼ slÞ ¼ 1

2
� b:

In the following, by backward induction, we first
analyze the mechanism design subgames in sections 4
and 5, and then the first stage’s sourcing game in
section 6.

4. Analysis for Subgame cu (uc)

We start with the case where the manufacturers use
different types of suppliers. This case includes the
subgames cu and uc. By symmetry, we only need to
focus on the subgame cu. Suppose, without loss of
generality, manufacturer i sources from a C-supplier,
while manufacturer j sources from a U-supplier.
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Manufacturer i offers a contract ðqi;TiÞ to her chosen
supplier i, while manufacturer j offers a contract
menu ðqjl;Tjl; qjh;TjhÞ to her supplier j. Supplier j, with
its private cost signal, may select a contract from the
menu. Then, the two manufacturers engage in quan-
tity competition by selling their products to the mar-
ket. The contract terms selected in one supply chain
are not observable to the firms in the other supply
chain because they are typically important confiden-
tial information in a competitive business environ-
ment. We have proved in Appendix D that during the
selling stage, the manufacturers will sell all the prod-
ucts they have ordered to the market, that is, they will
not withhold inventory. This is because when design-
ing the contract terms, the manufacturers can antici-
pate the needed selling quantities in the third stage
conditional on U-supplier’s cost type, and hence they
will not order more than needed since the transfer
prices to the supplier increase in order quantities.
Let Pkðk ¼ i; jÞ denote manufacturer k0s expected

profit and pkðk ¼ i; jÞ denote supplier k0s expected
profit. Given manufacturer j’s contract menu, we
first look at manufacturer i’s best response in choos-
ing the optimal contract ðqi;TiÞ. Note that manufac-
turer i does not know supplier j’s actual signal, so
in the subgame cu, manufacturer i has to take expec-
tation over supplier j’s signal. Since manufacturer i
knows supplier i’s cost, she can leave supplier i the
reservation profit only, which is normalized to zero.
In response to manufacturer j’s contract menu
ðqjl;Tjl; qjh;TjhÞ , manufacturer i’s problem is formu-

lated as follows,

max
Ti;qi

Pi ¼ 1

2
ðA� qi � cqjlÞqi þ 1

2
ðA� qi � cqjhÞqi � Ti;

ð2Þ
subject to supplier i0s participation constraint
Ti � cqi � 0, which guarantees that supplier i earns
no less than its reservation profit.
Now consider manufacturer j’s problem. Since sup-

plier j has a private cost signal sj, manufacturer j

offers two options on the menu, ðqjl;TjlÞ and ðqjh;TjhÞ,
to elicit supplier j’s private cost signal information. By
the Revelation Principle (Dasgupta et al. 1979, Myer-
son 1979), we focus on the truth-telling mechanism in
which supplier j will truthfully reveal its type by
choosing the corresponding contract.
Given manufacturer i’s contract ðqi;TiÞ, we formu-

late manufacturer j’s mechanism design problem in
the following:

max
qjl;Tjl;qjh;Tjh

Pj ¼ 1

2
ðA� cqi � qjlÞqjl � Tjl

� �
þ 1

2
ðA� cqi � qjhÞqjh � Tjh

� �
; ð3Þ

subject to the individual rationality (IR) and the
incentive compatibility (IC) constraints,

IRs: Tjk � Ckqjk � 0; 8k ¼ l; h;

ICs: Tjk � Ckqjk � Tjk0 � Ckqjk0 ; 8k; k0 ¼ l; h and k 6¼ k0;

where Ck is given in Equation (1). Solving the above
problems for manufacturer i in Equation (2) and
manufacturer j in Equation (3), we obtain the equili-
brium in Proposition 1.

PROPOSITION 1. Consider the contract design subgame
cu in which manufacturer i selects a C-supplier and
manufacturer j selects a U-supplier who has private cost
signal.

(i) There exists a unique Bayesian Nash Equilibrium
(BNE) fðqcui ;Tcu

i Þ; ðqcujl ;Tcu
jl ; q

cu
jh ;T

cu
jh Þg, where

qcui ¼ A� c

2þ c
þ cðCh � cÞ

4� c2
; Tcu

i ¼ cqcui ; ð4Þ

qcujl ¼ A� Cl

2þ c
þ c 2� cð ÞðCh � ClÞ þ 2cðc� ChÞ

2ð4� c2Þ ;

Tcu
jl ¼ Clq

cu
jl þ ðCh � ClÞqcujh ;

ð5Þ

qcujh ¼ A� Ch

2þ c
þ ðc2 � 4ÞðCh � ClÞ þ 2cðc� ChÞ

2ð4� c2Þ ;

Tcu
jh ¼ Chq

cu
jh :

ð6Þ

(ii) The manufacturers’ profits in equilibrium are
Pcu

i ¼ ðqcui Þ2 and Pcu
j ¼ 1

2 ðqcujl Þ2 þ 1
2 ðqcujh Þ2.

Supplier i’s profit is pcui ¼ 0, and supplier j’s
profit is pcuj ¼ 1

2 ðCh � ClÞqcujh .
We obtain from Proposition 1 that manufacturer j’s

expected order quantity is E½qcuj � ¼ A�Ch

2þc þ cðc�ChÞ
4�c2 .

Also note that manufacturer i’s order quantity is

qcui ¼ A�c
2þc þ cðCh�cÞ

4�c2 . These equilibrium quantities

match those in a Cournot competition model with
asymmetric manufacturers whose costs are c and Ch,
respectively. This suggests that, from manufacturer
i’s perspective, it seems as if she is competing with a
manufacturer whose expected virtual sourcing cost is
Ch. Since manufacturer i does not know supplier j’s
cost signal, she has to make an estimation on sj. Antic-

ipating that manufacturer j will screen the type of
supplier j by paying an information rent, in
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equilibrium manufacturer i’s estimation of Ĉj is sup-

plier j’s high-cost type, Ch.
Proposition 1 also shows that supplier i attains a

profit equal to its reservation profit, which is zero.
The high-cost type of supplier j does not receive any
information rent, while the low-cost type receives a
positive information rent ðCh � ClÞqcujh . In expectation,
supplier j makes a profit of ðCh � ClÞqcujh =2. We
observe that supplier j’s profit increases in A, imply-
ing that more information rents have to be relin-
quished to supplier jwhen the market size is larger.

4.1. Impact of Information Asymmetry
In a single chain setting (i.e., without competition), it
is well known that information asymmetry will cause
the manufacturer to downward-distort at the bottom
(order less when facing the least efficient supplier),
but not to distort at the top (when facing the most effi-
cient type), compared to the symmetric information
case. How would this result change in our competi-
tive setting? To investigate the role of information
asymmetry between manufacturer j and supplier j,
we have examined an auxiliary benchmark case with
symmetric information; that is, supplier j’s cost signal
is known to manufacturer j but not to the firms in the
other supply chain, and supplier j’s actual cost is still
uncertain. To save space, we relegate the detailed
analysis for the benchmark to Appendix A. Note that
all the notation for the benchmark has a bar (i.e., �)
on top. Lemma A.1 in Appendix A summarizes the
equilibrium results under cu in the benchmark case.
By comparing Proposition 1 with Lemma A.1, we

are able to derive the impact of information asymme-
try on manufacturers’ competition. We begin with the
comparison in terms of order quantities. For manufac-
turer i, we obtain

qcui � �qcui ¼ cðCh � ClÞ
2ð4� c2Þ [ 0: ð7Þ

For manufacturer j’s order quantities, we have

qcujl � �qcujl ¼ � c2ðCh � ClÞ
4ð4� c2Þ \0;

qcujh � �qcujh ¼ �ð8� c2ÞðCh � ClÞ
4ð4� c2Þ \0:

ð8Þ

The above comparisons suggest that, under competi-
tion, manufacturer i0s quantity is distorted upward,
while manufacturer j0s quantities for both high-cost
type and low-cost type are distorted downward. It is
understandable that with information asymmetry,
manufacturer j should order less from the high-cost
supplier in order to prevent the low-cost supplier from
mimicking the high-cost supplier. In the competitive
setting, manufacturer i0s quantity decision depends on

manufacturer j0s expected quantity. In response to man-
ufacturer j0s downward quantity distortion when facing
a high-cost type, manufacturer i would take advantage
of such a behavior by inflating her own order quantity.
This in turn drives manufacturer j to distort its quantity
downward even when facing a low-cost type supplier.
Such a result is in contrast with the standard result “no
distortion at the top (when facing a low-cost type) but
downward distortion at the bottom (when facing a
high-cost type)” that occurs in a single supply chain.
The impact of the information asymmetry on the two

manufacturers’ profits is relatively intuitive. We can

show Pcu
i [ �Pcu

i and Pcu
j \ �Pcu

j . That is, due to infor-

mation asymmetry, manufacturer j has to pay informa-
tion rent to supplier j and hence becomes worse off.
However, manufacturer i benefits from the information
asymmetry between manufacturer j and supplier j.
We next investigate how the equilibrium outcomes

are affected by model parameters. As defined before,
ch ¼ l þ d and cl ¼ l � d, where d captures the cost
uncertainty of a U-supplier, and a larger d implies a
higher cost uncertainty. Hereafter, we work with l and
d instead of ch and cl. Then the conditional costs are
Ch ¼ l þ ð2a � 1Þd and Cl ¼ l� ð2a � 1Þd. Plug-
ging these expressions into Proposition 1, we can repre-
sent the equilibrium quantities and profits by using
l and d. To avoid triviality, we assume A [
max½ð2c � cðl þ ð2a � 1ÞdÞÞ=ð2 � cÞ; ð2l þð6 � c2Þ
ð2a � 1Þd � ccÞ=ð2 � cÞ� such that all the equilibrium
quantities are positive.

4.2. Effect of Cost Uncertainty
Cost uncertainty plays an important role in determin-
ing equilibrium outcomes. Understanding the impact
of cost uncertainty could be useful because manufac-
turers may need to evaluate the benefits when making
investments to reduce cost uncertainty. Define

dcum ¼ 2 2ðA� lÞ � cðA� cÞð Þ
ð2a� 1Þðc4 � 8c2 þ 20Þ :

PROPOSITION 2. Under the subgame cu where the U-sup-
plier (i.e., supplier j) has private cost information, we

have the following: (i)
@Pcu

i

@d [ 0; (ii)
@Pcu

j

@d \ 0 for

d\ dcum , and
@Pcu

j

@d [ 0 for d [ dcum .3

The above proposition shows that the manufacturer
who selects a C-supplier benefits from increased cost
uncertainty. As discussed earlier, with information
asymmetry, manufacturer i0s order quantity is dis-
torted upward, and by Equation (7), the distortion
level increases in d. Thus, larger cost uncertainty leads
to greater distortion, and as a result manufacturer i
can benefit more.
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However, Proposition 2(ii) shows the non-mono-
tonic effect of d on manufacturer j0s profit. This non-
monotonicity result is driven by two opposite effects
of increasing cost uncertainty on manufacturer j0s
profitability: The result without information asymme-
try suggests that a larger cost uncertainty always ben-
efits the manufacturer who selects a U-supplier (i.e.,
�Pcu
j increases in d), and this is the positive effect of

increasing cost uncertainty for manufacturer j. How-
ever, the presence of information asymmetry forces
manufacturer j to distort the quantities downward,
and by Equation (8) the distortion is greater for larger
d. This is the negative effect of increasing d. Aggregat-
ing the positive and negative effects, overall increas-
ing d can make manufacturer j either better off or
worse off, depending on the market size and the ini-
tial uncertainty level. If the market size is sufficiently
large (which implies d\ dcum always holds) or the ini-
tial uncertainty is low, the negative effect of informa-
tion asymmetry is large due to high information rent
paid or small positive effect out of more variable
costs; overall increasing d hurts manufacturer j, that
is, making an effort to reduce uncertainty is beneficial.
In the rest cases, cost uncertainty reduction hurts
manufacturer j.

4.3. Effect of Signal Quality
In this subsection, we examine the effect of signal
quality a on the equilibrium outcome. Since the signal
is private information of the U-supplier, a more accu-
rate signal implies greater information asymmetry
between the U-supplier and the manufacturer who
sources from it. We find that qcujl increases in a but qcujh
decreases in a. That is, as a increases, the manufac-
turer choosing a U-supplier orders more from a low-
cost type but less from a high-cost type. This implies a
more accurate signal in chain j allows manufacturer j
to design a menu of quantities that are more tailored
to the corresponding types. The effect of signal accu-
racy on each manufacturer’s profit is characterized

below. Define âm ¼ 1
2 þ 2ðA�lÞ�cðA�cÞ

dðc4�8c2 þ 20Þ .

PROPOSITION 3. Under the subgame cu where the U-sup-
plier (i.e., supplier j) has private cost information, we

have the following: (i)
@Pcu

i

@a [ 0; (ii)
@Pcu

j

@a \ 0 for a\ âm,

and
@Pcu

j

@a [ 0 for a [ âm.

Not surprisingly, a greater level of information
asymmetry in chain j benefits manufacturer i. How-
ever, its impact on the profit of manufacturer j is less
clear. On the one hand, a greater a value implies more
accurate cost information in chain j, and manufacturer
j can design a menu of quantities that are more tai-
lored to the corresponding types. This is the positive

effect of a larger a on manufacturer j0s profit. On the
other hand, a larger a implies manufacturer j is at a
more disadvantageous position compared to supplier
j in term of cost information, and thus hurts manufac-
turer j more. This negative effect of a larger a com-
bined with the former positive effect may lead to the
non-monotonic impact of a, depending on the market
size A and a. For sufficiently large A (which implies
a� âm always holds), the negative informational dis-
advantage effect is amplified, and thus a larger a
always decreases manufacturer j’s profit. For market
size that is not too large, the overall effect of increas-
ing a can be either way. For small a values, the infor-
mation accuracy effect on chain j of a larger a is
limited, and the negative information disadvanta-
geous effect on manufacturer j dominates. But for
large a values, the marginal increase in informational
disadvantage due to a larger a is limited compared to
information accuracy improvement, and hence manu-
facturer j benefits from a larger a.

5. Analysis for Subgame uu (cc)

We now consider the symmetric mechanism design
subgames. We focus on the subgame uu in which
both manufacturers purchase from U-suppliers,
since the subgame cc is a special case of the subgame
uu. To elicit private information, each manufacturer
offers a contract menu to her exclusive supplier.
After receiving the manufacturer’s contract menu,
each supplier determines which contract to choose
from the menu. Again, we focus on the truth-telling
mechanism in which the suppliers truthfully reveal
their types when selecting a contract from the
offered menu.
Given manufacturer j’s contract menu

ðqjl;Tjl; qjh;TjhÞ, manufacturer i maximizes her

expected profit by designing a contract menu
ðqil;Til; qih;TihÞ. We now formulate manufacturer i’s
best response problem as follows:

max
qil;Til;qih;Tih

Pi ¼ b½ðA� qil � cqjlÞqil � Til

þ ðA� qih � cqjhÞqih � Tih�
þ ð1

2
� bÞ½ðA� qil � cqjhÞqil � Til

þ ðA� qih � cqjlÞqih � Tih�;

ð9Þ

subject to the individual rationality and the incen-
tive compatibility constraints:

IRs: Tik � Ckqik � 0; 8k ¼ l; h;

ICs: Tik � Ckqik �Tik0 � Ckqik0 ; 8k; k0 ¼ l; h and k 6¼ k0:

By symmetry, manufacturer j’s best response prob-
lem given manufacturer i ’s contract menu can be
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formulated similarly. Solving the above problems for
both manufacturers, we obtain the equilibrium for the
subgame uu in Proposition 4.

PROPOSITION 4. Consider the contract design subgame
uu in which both manufacturers select U-suppliers who
have private cost information.

(i) There exists a unique symmetric BNE
fðquul ;Tuu

l ; quuh ;Tuu
h Þg, where

quul ¼ A� Cl

2þ c
þ 2cð1� 2bÞðCh � ClÞ
ð2þ cÞð2þ cð4b� 1ÞÞ ;

Tuu
l ¼ Clq

uu
l þ ðCh � ClÞquuh ;

ð10Þ

quuh ¼ A� Ch

2þ c
� Ch � Cl

2þ cð4b� 1Þ ;

Tuu
h ¼ Chq

uu
h :

ð11Þ

(ii) Each manufacturer’s profit in equilibrium is

Puu ¼ 1
2 ðquul Þ2 þ 1

2 ðquuh Þ2. Each supplier’s profit

is puu ¼ 1
2 ðCh � ClÞquuh .

Due to information asymmetry, each manufac-
turer has to pay a positive information rent to the
low-cost type supplier, while the high-cost sup-
plier’s profit is 0. We also observe that the informa-
tion rent paid to the low-cost type increases in the
market size A.
In the corollary below, we present the result for the

subgame cc, which is a special case of the subgame
uu. The corollary follows from Proposition 4.

COROLLARY 1. When cl ¼ ch ¼ c, the subgame uu
reduces to the subgame cc in which both manufacturers
select C-suppliers. In this case, there is a unique symmet-
ric Nash equilibrium fðqcc;TccÞg where

qcc ¼ A� c

2þ c
; Tcc ¼ cqcc: ð12Þ

Each manufacturer’s profit in equilibrium is
Pcc ¼ ðqccÞ2. Each supplier’s profit is 0.

5.1. Impact of Information Asymmetry
To understand how information asymmetry affects
the manufacturer competition, again we have ana-
lyzed the benchmark case where there is no informa-
tion asymmetry between the suppliers and
manufacturers; that is, each supplier’s cost signal is
known to its manufacturer but not the other manu-
facturer. This benchmark case boils down to the
quantity competition model with cost uncertainty
where each manufacturer does not know the com-
petitor’s cost. We relegate the detailed analysis to

Appendix A, and summarize the equilibrium for this
case in Lemma A.2.
We now compare Proposition 4 with Lemma A.2 to

examine the impact of information asymmetry in the
subgame uu. Regarding the equilibrium quantities we
obtain

quul � �quul ¼ cð1� 2bÞðCh � ClÞ
ð2þ cÞð2þ cð4b� 1ÞÞ � 0; ð13Þ

quuh � �quuh ¼ � 2ðcbþ 1ÞðCh � ClÞ
ð2þ cÞð2þ cð4b� 1ÞÞ\0: ð14Þ

The above comparison reveals an interesting
insight: There is an upward distortion for the low-
cost type and a downward distortion for the high-
cost type, which is in contrast with the screening
mechanism in the single supply chain setting as
well as the asymmetric competition setting in sec-
tion 4. Competition leads each manufacturer to
place a larger order from the low-cost type but a
smaller order from the high-cost type. The intu-
ition is as follows: With information asymmetry,
each manufacturer should order less from the
high-cost supplier in order to prevent the low-cost
supplier from mimicking the high-cost supplier.
Under competition, each manufacturer’s quantity
decision depends on the expected quantity of the
competitor. Due to the competitor’s downward dis-
tortion of quantity when facing the high-cost type,
the manufacturer’s competitive advantage when
facing the low-cost type supplier is exaggerated,
which is reflected in the contract in which she
inflates the order quantity from the low-cost type
supplier.
In the following, we will explore how the equilib-

rium outcomes are affected by other key problem
parameters. For concision, we omit the detailed
results that are similar to those in section 4. To avoid
triviality, we assume the market size is large enough
so that both order quantities are positive in equilib-
rium. Specifically, we assume A > l + (2a � 1)(4cb +
c + 6)d/(2 � c + 4cb), or equivalently, d < (2 � c +
4cb)(A � l)/((2a � 1)(4cb + c + 6)).

5.2. Effects of Cost Uncertainty and Signal
Quality
Under the subgame uu, each manufacturer sources
from a U-supplier. Similarly, we analyze the effects of
cost uncertainty d and signal accuracy a on each man-
ufacturer’s profit. The effects of d and a on each man-
ufacturer’s profit under the subgame uu share the
same pattern as their effects on the profit of manufac-
turer j (the manufacturer who sources from a U-sup-
plier) under the subgame cu. That is, when the market
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size A is sufficiently large, each manufacturer’s profit
decreases in d and a. Otherwise, as d or a increases,
each manufacturer’s profit first decreases and then
increases (please refer to Appendix B for the detailed
analytical results). The underlying driving forces are
the same as discussed in sections 4.2 and 4.3, and
hence are omitted.

6. Sourcing Game

Having analyzed the four subgames in the previous
sections, we are ready to examine the sourcing game
at the first stage. The sourcing game can be repre-
sented using the matrix in Figure 1. To avoid trivial-
ity, we assume the market size is large enough so that
the order quantities for all the subgames are positive.
Specifically we assume

To derive the equilibrium of the sourcing game, we
need to compare the profits of the four subgames.
Because the manufacturers are ex ante symmetric, we
have Puc

1 ¼ Pcu
2 and Pcu

1 ¼ Puc
2 in Figure 1. Then we

need to compare two pairs of profits: Pcc vs. Pcu
2 , and

Pcu
1 vs.Puu. Define:

D1 ¼ Pcc �Pcu
2 and D2 ¼ Pcu

1 �Puu:

The signs of these differences indicate a manufac-
turer’s preferred supplier given the competitor’s
sourcing strategy. For example, if D1 [ 0 (D2 [ 0),
then given one manufacturer has selected a C-sup-
plier (U-supplier), the other manufacturer will be
better off choosing a C-supplier. We begin by estab-
lishing the definite relationship between D1 and D2

as shown in the following lemma.

LEMMA 1. D2 [ D1 for s 2 (1/4,1/2].

D2 [ D1 implies that a manufacturer has greater
incentives to select a C-supplier given the other

manufacturer has chosen a U-supplier. Alternatively,
a manufacturer has greater incentives to choose a U-
supplier if her competitor has chosen a C-supplier.
Next, we characterize the sourcing equilibrium for the
manufacturers. We start with the special cases in
which the cost difference between C-supplier and U-
supplier is significant (i.e., either c � Ch or c ≤ l).

PROPOSITION 5. If c�Ch, the unique Nash equilibrium is
ðSu; SuÞ. If c ≤ l, the unique Nash equilibrium is ðSc; ScÞ.

Proposition 5 shows that if the high conditional cost
of U-supplier is even smaller than the constant cost of
C-supplier, U-supplier is more attractive in spite of its
cost uncertainty, and both manufacturers choose U-
suppliers. On the other hand, if a U-supplier does not
have average cost advantage, that is, its average cost
is greater than the cost of a C-supplier (c ≤ l), then
selecting a C-supplier is the dominant strategy, and
hence the unique equilibrium is ðSc; ScÞ.
In the following analysis, we focus on the case

where l\ c\Ch. Such a parameter setting is also
consistent with the common belief that suppliers at
well-established manufacturing bases (e.g., China)
have higher average cost than the Southeast Asian
suppliers (i.e., l < c). Moreover, due to less-devel-
oped infrastructure, volatile economic environment

and so on, the sourcing cost from Southeast Asia con-
ditional on a high-cost signal can be higher than that
of China (i.e., c\Ch). We define two thresholds of A,
A1 and A2, such that D1jA¼A1

¼ 0, D2jA¼A2
¼ 0, and

D1 [ 0 (D2 [ 0) if and only if A [ A1 (A [ A2). It
has been shown that A1 [ A2. We characterize the
sourcing equilibrium in Proposition 6.

PROPOSITION 6. Suppose l\ c\Ch. Then the equilibria
of the sourcing game with cost information asymmetry
are given as follows.4

(i) If A\A2, then ðSu; SuÞ is the unique Nash
equilibrium;

(ii) If A ¼ A2, then both ðSu; SuÞ and ðSc; SuÞ are
Nash equilibria;

(iii) If A2 \A\A1, then ðSc; SuÞ is the unique Nash
equilibrium;

(iv) If A ¼ A1, then both ðSc; SuÞ and ðSc; ScÞ are
Nash equilibria;

(v) If A [ A1, then ðSc; ScÞ is the unique Nash
equilibrium.

Figure 1 Sourcing Game with Information Asymmetry

A[ max c;
2c� cðlþ ð2a� 1ÞdÞ

2� c
;
2lþ ð2a� 1Þð6� c2Þd� cc

2� c
; lþ ð2a� 1Þð4cbþ cþ 6Þ

2� cþ 4cb
d

� �
: ð15Þ
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Proposition 6 tells that, as the market size
increases, the sourcing equilibrium shifts from
ðSu; SuÞ to ðSc; SuÞ and further to ðSc; ScÞ. That is, when
the market size is sufficiently large, both manufac-
turers should use C-suppliers. This is in contrast to
the intuition that as the market size becomes larger,
the manufacturers should care more about the aver-
age production cost, and hence should more likely
choose U-suppliers due to their lower average cost.
The intuition of this result is as follows: When sour-
cing from U-suppliers, manufacturers need to pay
information rent to the suppliers, and the informa-
tion rent increases with the market size. As a result,
with a larger market size, U-suppliers become less
attractive while C-suppliers become more attractive,
and thus the sourcing equilibrium moves from
ðSu; SuÞ to ðSc; ScÞ. This indicates that in an economic
recession with shrinking market, manufacturers are
more likely to source from U-suppliers (e.g., suppli-
ers in Southeast Asia).

6.1. Impact of Information Asymmetry
In this section, we examine the impact of information
asymmetry on sourcing equilibrium. It is noted that
there is still cost uncertainty in the symmetric infor-
mation case. That is, although U-supplier’s signal is
known to the manufacturer sourcing from it, U-sup-
plier’s cost is still uncertain to both itself and the man-
ufacturers. If there is no information asymmetry, we
have shown in Proposition A.1 in Appendix A that
the unique equilibrium is ðSu; SuÞ for l ≤ c. The fact
that U-suppliers are chosen even for l = c means that
in the absence of information asymmetry, cost uncer-
tainty makes U-suppliers more attractive, because the
manufacturers benefit from the flexibility that they
can offer the contract based on the supplier’s cost real-
ization. Not surprisingly, U-supplier is more attrac-
tive and preferred if it further has a cost advantage
(i.e., l < c).
However, in the presence of information asymme-

try, the unique equilibrium is ðSc; ScÞ for l = c (Propo-
sition 5). Since if choosing a U-supplier, the
manufacturers have to pay information rent to the
supplier, the manufacturers’ sourcing decisions
involve a trade-off between the upside of cost uncer-
tainty and the downside of information asymmetry.
Our results suggest that the downside of information
asymmetry for U-suppliers dominates the upside of
their pure cost uncertainty.
For l\ c\Ch, U-suppliers have (average) cost

advantage as opposed to C-suppliers. In this case, the
manufacturers’ sourcing decisions depend on a more
complicated trade-off between the cost advantage (as
well as the upside of cost uncertainty) and the down-
side of information asymmetry. In contrast with
Proposition A.1, Proposition 6 shows that, with

information asymmetry, C-suppliers can be selected
for sufficiently large market size (A [ A2). We know
that more information rent has to be paid to U-suppli-
ers when the market size increases. As a consequence,
selecting a U-supplier becomes unattractive to the
manufacturers when the market size is large enough.
This suggests that the downside of information rent
can offset the overall benefit from the U-suppliers’
nominal cost advantage and cost uncertainty. These
results highlight the importance of considering infor-
mation asymmetry for the manufacturers when
designing their sourcing strategies.
Next, we investigate how different problem param-

eters affect the outcome of the sourcing game under
information asymmetry by investigating the sensitiv-
ity of A1 and A2 to those parameters. By Proposition
6, increasing (decreasing) A1 and/or A2 implies that
U-suppliers (C-suppliers) will more likely be chosen
in the equilibrium.

6.2. Effect of Cost Uncertainty
First, we consider the effect of cost uncertainty and
present the result in the following proposition.

PROPOSITION 7. Suppose l\ c\Ch. Then there exist
two thresholds ~d, d̂ 2 ððc � lÞ=ð2a � 1Þ; 2ðc � lÞ=
ð2a � 1Þ� with ~d � d̂, such that:

(i) Both A1 and A2 decrease in d for d� ~d;
(ii) A1 increases but A2 decreases in d for d 2 ½~d; d̂�;
(iii) Both A1 and A2 increase in d for d� d̂.

Proposition 7 shows that increasing cost uncer-
tainty of the U-supplier may influence the results in
multiple directions. When the cost uncertainty is
small (d � ~d), U-suppliers become more attractive for
even smaller uncertainty. When the cost uncertainty
is intermediate (~d � d � d̂), increasing uncertainty
leads the manufacturers to more likely use the diver-
sified strategy in equilibrium. When the cost uncer-
tainty is already large (d ≥ d̂), increasing uncertainty
drives up the values of A1 and A2, and hence U-
suppliers become more attractive for even larger
uncertainty. Why does increasing cost uncertainty
make U-suppliers more attractive when the initial
uncertainty is large? This is because by Proposition 2
and Proposition B.1 (in Appendix B), if the current
uncertainty is large, under both cu and uu the manu-
facturer who selects a U-supplier will benefit from
increased cost uncertainty due to the dominance of
the positive effect of more variable cost over the neg-
ative effect of greater distortion driven by informa-
tion asymmetry.
In contrast, when the current uncertainty is small,

increasing cost uncertainty hurts the manufacturer
who chooses a U-supplier and benefits the manufac-
turer who chooses a C-supplier (Propositions 2 and
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B.1). Therefore, as cost uncertainty increases, under cu
the manufacturer who selects a U-supplier tends to
change to a C-supplier, and under uu one of the man-
ufacturers may break the equilibrium by deviating to
a C-supplier.
When the uncertainty is in the intermediate range,

reducing the uncertainty further will make the sym-
metric sourcing equilibrium more likely happen. This
is because as d increases, the intermediate values of d
are sufficiently large to make U-suppliers more likely
be chosen if the starting structure is ðSc; ScÞ, but if the
starting structure is ðSu; SuÞ the d values are not large
enough and hence C-suppliers become more likely
selected.
Cost uncertainty captured by d measures the

extent to which U-supplier’s cost is estimated to
deviate from the average cost. This is mainly from
the information standpoint. Reducing cost uncer-
tainty represents an effort to obtain a better cost
estimate but not necessarily to reduce the average
cost. For example, the firms could consult industry
experts or conduct more research about the busi-
ness environment and manufacturing process of
the suppliers. Recent advances in technologies
such as big data may help the firms to collect a
large amount of data necessary for obtaining a bet-
ter cost estimate. Government could also play an
important role in terms of revealing more informa-
tion to the outside so that the outsiders can better
estimate potential costs. For example, one of the
goals of The ASEAN Good Regulatory Practice
Core Principles adopted at the 50th ASEAN Eco-
nomic Ministers’ Meeting is to ensure that “access
to accurate, easy-to-understand, and accessible
information on the regulations should be made
available for relevant stakeholders.“5

The uncertainties in Southeast Asian suppliers
might be gradually reduced considering the govern-
ments’ effort in these countries. Our study implies
that over the period with large cost uncertainty,
decreasing the uncertainty actually makes U-suppli-
ers less likely be chosen by the manufacturers in equi-
librium. Only when the cost uncertainty is already not
too large can reducing the uncertainty further lead
the U-suppliers to be more likely chosen.

6.3. Effect of Signal Quality
The effect of signal quality on the sourcing
equilibrium is summarized below. Define N ¼ 20�
4c � 8c2 þ c4 andM ¼ 20 � 8c2 þ c4.

PROPOSITION 8. Suppose l\ c\Ch and s = 1/4 . Then
there exist two thresholds ~a and â (~a\ â) such that:

(i) If ðc � lÞ=d\ N�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N2 � 4ð1� cÞN

p
4ð1� cÞ , then both A1

and A2 decrease in a for a\ ~a, A1 increases but

A2 decreases in a for a 2 ð~a; âÞ, and both A1 and
A2 increase in a for a [ â;

(ii) If ðc � lÞ=d 2 N�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N2 � 4ð1� cÞN

p
4ð1� cÞ ;M�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
M2 � 4M

p
4

� �
,

then both A1 and A2 decrease in a for a\ ~a, and
A1 increases but A2 decreases in a for a [ ~a;

(iii) If ðc � lÞ=d [ M�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
M2 � 4M

p
4 , then both A1 and

A2 decrease in a.

As a note, the sensitivity result about A1 does not
require s = 1/4 (i.e., independent costs for U-suppli-
ers). Although the result about A2 is derived for the
case of s = 1/4, we have verified by conducting exten-
sive numerical experiments that the above results also
hold for general cases.
The proposition implies increasing signal accuracy

can make U-suppliers more likely chosen and C-sup-
pliers less likely chosen (i.e., A1, A2 increases) only
when both signal accuracy a and cost uncertainty d
are above a certain level. This is because a more accu-
rate signal for the supplier makes the manufacturer at
a severer cost disadvantage, but on the other hand
allows the manufacturer to design a more targeted
contract menu. For larger cost uncertainty, the mar-
ginal benefit from a more targeted contract menu is
larger. For already high signal accuracy, the marginal
detrimental effect of asymmetric information is lim-
ited, and hence can be dominated by the large benefit
from a more targeted contract menu when cost uncer-
tainty is high.

6.4. Effect of Competition Intensity
To study the effect of competition intensity on the
manufacturers’ sourcing strategies, we examine how
A1 and A2 change in the value of c.

PROPOSITION 9. Suppose l\ c\Ch.

(i) If d=ðc � lÞ� 1=ðð1 � ffiffiffi
3

p
=2Þð2a � 1ÞÞ, A1

increases in c; otherwise, A1 first increases and
then decreases in c.

(ii) If s� 1
4 þ 1

8ð2a� 1Þ2 or d=ðc � lÞ� 1=ðð2a � 1Þ

ð1 � 2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 � 2ð4s � 1Þð2a � 1Þ2

q
ÞÞ; A2 decreases

in c; otherwise, A2 first increases and then
decreases in c.

Proposition 9 shows that when the cost uncer-
tainty d (equivalently, d/(c � l)) is sufficiently
large, intensified competition drives the manufac-
turers to diversify their sourcing strategy (i.e., A1

increases or A2 decreases). This is because for suffi-
ciently large cost uncertainty, the impact of more
intense competition on the manufacturers’ profits
under ðSc; SuÞ is not as strong as that under ðSc; ScÞ
and ðSu; SuÞ.
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However, for not sufficiently large cost uncertainty,
the impact of intensified competition on the sourcing
equilibrium can be non-monotone, depending on the
cost correlation of U-suppliers, s, and the current
competition intensity. For not very large d, the profit
of the manufacturer sourcing from U-supplier under
cu decreases in c more significantly than the manufac-
turers under ðSc; ScÞ when c is large, driving ðSc; ScÞ to
be more likely the equilibrium for large c.
When the correlation of U-suppliers’ cost s and cost

uncertainty d are small, for the range of moderate
competition intensity, increasing competition inten-
sity has weaker negative impact on the manufactur-
ers’ profits under uu and hence ðSu; SuÞ is more likely
the equilibrium. However, for the range of high com-
petition intensity, the negative impact of intensified
competition is stronger under the symmetric structure
uu, and hence ðSc; SuÞ tends to be the equilibrium
instead of ðSu; SuÞ.

6.5. Effect of Increasing Cost of C-Suppliers
Not surprisingly, the increasing cost of C-suppliers
will drive more manufacturers to source from U-sup-
pliers (both A1 and A2 increase in c). This reflects the
reality that due to fast-rising wages in China, many
manufacturers choose to source from suppliers in
Southeast Asia. How will this change affect the manu-
facturers’ profitability? Next we shed some light on
this question. For analytical tractability, in the follow-
ing we consider the case of c = 1. Define

j ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
A� cð Þ2�9ð2a� 1Þ2d2

q
�

Aþ c� 2l� 2ð2a� 1Þdð Þ;

�j ¼ min
lþ ð2a� 1Þd� c

2
;
Aþ lþ ð2a� 1Þd� 2c

2

�

�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
A� l� ð2a� 1Þdð Þ2

4
þ 9ð2a� 1Þ2d2

ð1þ 4bÞ2

s #
:

PROPOSITION 10. Suppose l\ c\Ch and A [ A1.
Then an increase of c by j > 0, where j\ j\ �j, shifts
the sourcing equilibrium from ðSc; ScÞ to ðSc; SuÞ and
makes both manufacturers better off.

To see an example, consider A = 35, l = 10, d = 5,
c = 12, a = 1, s = 0.4, and thus b = 0.4. Under these
parameters, we obtain A1 ¼ 33:75, so A [ A1 and
ðSc; ScÞ is the equilibrium, under which both manufac-
turers’ profits are 58.78. Now suppose c increases by
10%, or 1.2. Then it can be shown that the sourcing
equilibrium becomes ðSc; SuÞ, under which the manu-
facturer that remains sourcing from Sc earns a profit of
61.88, and the manufacturer that switches to sourcing
from Su earns 61.80, both > 58.78. In fact, the results in

Proposition 10 carry over to more general cases where
c < 1. For example, for c = 0.95 and all the rest of the
parameter values the same as above, we obtain
A1 ¼ 33:89, so ðSc; ScÞ is still the equilibrium and each
manufacturer makes a profit of 60.79. After the 10%
increase in c, we can show that A = 35 is between the
two new thresholds of A, so the equilibrium becomes
ðSc; SuÞ. Meanwhile, the manufacturer who still
chooses a C-supplier makes a profit of 61.10 and the
one who chooses a U-supplier makes a profit of 63.78.
Again, both manufacturers are better off.
The above result comes from the fact that an appro-

priate increase in c moves the equilibrium from ðSc; ScÞ
to ðSc;SuÞ. With an increase in c, C-suppliers become
less attractive, and the manufacturer who switches to a
U-supplier enjoys more average cost advantage. This
benefits the switching manufacturer but hurts the non-
switching one. However, the switching manufacturer
also needs to pay information rent to the chosen U-
supplier, which hurts the switching manufacturer but
benefits the non-switching one. The overall effects on
the two manufacturers’ profits depend on which of the
two counteractive forces dominates. The condition
j > j is to guarantee that the cost increase is suffi-
ciently large so that ðSc; ScÞ is no longer the equilib-
rium. The condition j\ �j is to guarantee that the cost
increase is not too large so that only one manufacturer
switches from Sc to Su. Meanwhile, j > j ensures that
the manufacturer that switches to Su is better off and
j\ �j ensures that the manufacturer that remains to
source from Sc is also better off.
It is shown that j\ �j in Proposition 10 does not

hold if c < l. This means in order for both manufac-
turers to be better off due to one manufacturer switch-
ing to Su, the average cost of U-suppliers has to be
lower than the constant cost of C-suppliers. This con-
dition matches the situation that Chinese suppliers
are generally believed to have higher costs than
Southeast Asian suppliers. It is also worth noting that
the result in Proposition 10 does not occur under sym-
metric information. Proposition A.1 shows that, in
our focal case where l < c, ðSu; SuÞ is the Nash equi-
librium. Since an increase in c can only make C-sup-
pliers less attractive and U-suppliers more attractive,
neither manufacturer will switch and thus ðSu; SuÞ
remains the Nash equilibrium. Finally, it is obvious
that the above result does not occur when there is no
competition between the manufacturers. Overall, the
above discussion highlights the joint impact of cost
difference, asymmetric information, and competition
on the manufacturers’ sourcing strategies and profits.

7. Conclusion

The wages of Chinese workers have seen a significant
increase over the past years, and many firms have
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started to source from Southeast Asian countries.
However, an important caveat is that firms may have
less knowledge about these suppliers’ cost structures,
especially when trading with them for the first time;
the informational disadvantage and increased uncer-
tainty may undermine the benefit from lower costs.
This study examines the trade-off between cost
advantage and cost information asymmetry/uncer-
tainty in a sourcing game where competing firms
choose between a C-supplier with transparent, certain
cost (e.g., Chinese supplier) and a U-supplier with
non-transparent, uncertain cost (e.g., Southeast Asian
supplier). Our focus is on understanding the nuances
and subtleties of firms’ sourcing strategies consider-
ing both information uncertainty and asymmetry.
We characterize the equilibrium outcome for the

firms and conduct an extensive sensitivity analysis to
examine how the equilibrium outcome is affected by
various parameters, including the market size, cost
uncertainty, accuracy of the U-supplier’s private sig-
nal, and competition intensity. We show that, as the
market size increases, firms are more likely to choose
C-suppliers despite their higher average cost. Reduc-
ing cost uncertainty of the U-suppliers neither implies
that the firms will choose them more often, nor does it
bring more profits to the firms. This cautions that
sourcing firms need to be careful when conducting
any cost uncertainty reduction activities. The U-sup-
pliers’ more accurate private information about their
own costs can benefit them in terms of the chance of
being selected only when both information accuracy
and cost uncertainty are above a certain level. Our
results also show that if the cost uncertainty is suffi-
ciently large, increasing competition intensity drives
firms to diversify their sourcing strategy; otherwise, it
can favor either C-suppliers or U-suppliers in terms
of the chance of being selected. Furthermore, an
increase in the C-supplier’s cost may lead to a win–
win situation for both firms. The above insights pro-
vide useful guidance for supply chain professionals
when making their sourcing decisions.
On the theoretical side, we also identify an interest-

ing ordering behavior in such a competitive setting
with information asymmetry. Under the sourcing
structure cu, we find that the firms’ quantity distor-
tion compared to the symmetric information setting
presents contrasting patterns with the standard result
“no distortion at the top but downward distortion at
the bottom” that occurs in a single firm’s optimal
mechanism.
This research opens several avenues for future

research. First, it has been considered that the firms
engage in quantity competition in this study. It would
be interesting to study how results will change if one
considers price competition. Second, in this study, the
firms offer a take-it-or-leave-it contract to C-suppliers

and a menu of contracts to U-suppliers. Instead, con-
sidering a Nash bargaining framework, especially
with information asymmetry, will be a promising
research direction. Third, when sourcing from suppli-
ers in a new region, there are many factors (e.g., qual-
ity, delivery performance, social responsibility) for
firms to consider besides cost. How those factors may
affect firms’ sourcing decisions also deserves more
research attention.
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Notes

1The empirical study carried out by Costello (2013) mea-
sures information asymmetry by using the number of pre-
vious interactions between buyers and suppliers.
2Both the manufacturer and the U-supplier may update
their belief about the supplier’s cost during the develop-
ment phase. However, the information improvement at
the U-supplier side could be much more significant and
U-supplier would still have better knowledge about the
local environment, the costs of raw materials, its own pro-
duction efficiency, and so on. Thus, information asymme-
try in this context captures the U-supplier’s superior cost
information.
3The comparative statics results about d and a in sections
4 and 5 are derived given a sourcing structure. We have
checked numerically that such results also exist when
imposing the equilibrium conditions for a specific sour-
cing structure in Proposition 6.
4A necessary condition for equilibrium ðSu; SuÞ is A�A2.
However, the non-negative constraint requires A to be
greater than a threshold, say A. Therefore, ðSu; SuÞ is an
equilibrium only when A2 is sufficiently large; otherwise
ðSu; SuÞ cannot be an equilibrium. Similarly, ðSc; SuÞ cannot
be an equilibrium if A1 �A.
5https://asean.org/storage/2017/11/ASEAN-GRP-Core-
Principles-FINAL-ENDORSED.pdf
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