MANAGEMENT SCIENCE

Vol. 60, No. 5, May 2014, pp. 1223-1240
ISSN 0025-1909 (print) | ISSN 1526-5501 (online)

1 liorms |

http://dx.doi.org/10.1287 /mnsc.2013.1823
©2014 INFORMS

Home or Overseas? An Analysis of
Sourcing Strategies Under Competition

Xiaole Wu
School of Management, Fudan University, Shanghai 200433, China, wuxiaole@fudan.edu.cn

Fugiang Zhang

Olin Business School, Washington University in St. Louis, St. Louis, Missouri 63130, fzhang22@wustl.edu

Motivated by the recent backshoring trend, this paper studies a sourcing game where competing firms may
choose between efficient sourcing (e.g., sourcing from overseas) and responsive sourcing (e.g., sourcing from
a home country). Efficient sourcing usually provides a cost advantage, whereas responsive sourcing allows a
firm to obtain more accurate demand information when making procurement decisions. By characterizing the
equilibrium outcome, we find some interesting results driven by the strategic interaction between the firms. First, a
firm may still use efficient sourcing in equilibrium even when the cost advantage associated with efficient sourcing
does not exist. This is because the firm can dampen competition by reducing the correlation between its own
demand information and the competitor’s. Second, a cost hike in efficient sourcing (e.g., the rising labor cost in
Asia) may benefit all the firms in the industry. The reason is that the cost hike may alleviate competition by
inducing a new equilibrium sourcing structure. This paper also sheds some light on the recent backshoring
trend. First, our analysis indicates that more firms will shift from efficient sourcing to responsive sourcing in
equilibrium (i.e., backshore) if the market size shrinks, the demand becomes more volatile, or the sourcing costs
rise simultaneously. Second, a firm’s backshoring behavior reduces the competition on the cost dimension, but it
also has an ambiguous informational impact on the other firms in the market. In particular, some firms may
benefit from increased correlation of their demand information under Cournot competition with substitutable
products. Overall, the backshoring behavior can be beneficial to all the firms sticking to their original sourcing
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1. Introduction

Driven by the pressure to control operating costs and
focus on core competencies, the past few decades have
witnessed a growing trend toward offshore manu-
facturing as firms move their production activities
from developed countries to emerging economies (Wil-
son 2010, Plunkett 2011). It has been reported that
in 2002-2003, about one-quarter to one-half of the
manufacturing companies in Western Europe were
involved in production offshoring (Dachs et al. 2006).
As of 2008, more than 50% of U.S. companies had a
corporate offshoring strategy (Minter 2009). The pros
and cons of offshoring have been widely discussed in
the business media and the research literature (see, e.g.,
Van Mieghem 2008). The most often cited advantage of
offshoring is the cost savings due to less expensive
labor in emerging economies. In contrast, domestic
manufacturing enables firms to react quickly to market
changes, improve customer service, and reduce inven-
tory levels. Therefore, a major trade-off is between cost
and responsiveness (Farrell 2005, Anderson 2006, Ryley
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2010). The offshoring decision is debatable in many
situations since it is not always clear whether the cost
factor dominates the responsiveness factor (see, e.g.,
Goel et al. 2008, De Treville and Trigeorgis 2010).
The debate on offshoring has intensified in recent
years. More voices have been heard that are skeptical
about the offshoring trend for various reasons. For
example, sourcing costs from emerging economies have
been rising rapidly. As of mid-2010, many Chinese
firms were facing labor shortages and were forced to
boost wages to attract qualified workers (Plunkett 2011).
In addition, the global commodity price index has risen
significantly (Ferreira and Prokopets 2009). This has
led to higher transportation costs as well as produc-
tion costs (higher oil prices and raw material costs).
Because of the unexpected high supply chain costs in
offshoring, many firms are considering domestic sourc-
ing rather than international sourcing. Not surprisingly,
“reshoring,” “onshoring,” and “backshoring” have fre-
quently made headlines in the business press. Master
Lock, the world’s largest manufacturer of padlocks
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and related security products, has been moving their
production from Asia back to Milwaukee since 2010,
motivated by economic conditions such as increas-
ingly higher labor and logistics costs in Asia. President
Barack Obama highlighted Master Lock in his State of
the Union address and encouraged businesses to bring
jobs back to the United States (Rovito 2012). More
examples involved in the most recent backshoring
discussion include Caterpillar, General Electric, and
Apple (Bussey 2011, Denning 2012).

The trade-off between cost and responsiveness exists
in a firm’s supplier selection problem as well. Similar
to offshoring, the practice of outsourcing, where firms
move their production activities from in-house to
third-party suppliers, has been widely adopted in the
industry. Should a firm select an overseas supplier with
low sourcing cost or a domestic supplier with short
lead time? Clearly, the cost-responsiveness trade-off
plays an important role both in offshoring and in
outsourcing decisions. However, as the above industry
observations demonstrate, such a trade-off can be
quite involved and difficult to evaluate. Moreover, a
globalizing economy has made the market environment
more competitive and volatile. This has forced firms to
rely more on effective sourcing strategies to maintain a
competitive edge (Rohwedder and Johnson 2008). Firms
at the crossroad of making offshoring/outsourcing
decisions should not simply follow the trend. To make
an intelligent decision, a firm needs to understand
the business environment as well as the competitor’s
sourcing strategy.

Although the cost-responsiveness trade-off has been
widely recognized in the literature, the majority of
studies consider the trade-off from a single firm’s
perspective. There are few papers that study firms’
strategic interactions in a competitive setting, and the
driving forces underlying firms’ sourcing strategies
have not been fully explored. The main purpose of this
paper is to obtain a better understanding of this topic.
We develop a game-theoretic model where two firms
engage in quantity competition by selling substitutable
products. There are two types of sourcing strategies
from which the firms can choose. The first strategy is
called efficient sourcing (e.g., overseas sourcing), under
which the procurement price is low but the delivery
lead time is long. The second is called responsive
sourcing (e.g., domestic sourcing), under which the
procurement price is high but the delivery lead time
is short. The responsive sourcing firm may observe
better market signals when making the procurement
quantity decision. In other words, the benefit of respon-
sive sourcing is captured by accurate market demand
information. The firms engage in a two-stage game:
They first choose their sourcing strategies; then they
compete by determining the quantities they want to
sell in the market.
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With this model setup, we find that asymmetric
equilibrium may exist in the sourcing game. This
means that although the firms are symmetric, they may
employ different sourcing strategies under competition.
In particular, when the two sourcing modes are equally
costly (i.e., there is no cost advantage associated with
efficient sourcing), a firm may still choose efficient
sourcing to differentiate its strategy. This is because
by using efficient sourcing, the firm can reduce the
correlation between its own demand information and
the competitor’s, which in turn dampens the quantity
competition between them.

Based on the characterized equilibrium, we conduct
a comparative statics analysis to examine whether the
recent market changes (e.g., the shrinking market size
due to economic recession, the increasing labor costs in
emerging economies, and the rising global commodity
prices) can be used to explain the backshoring trend
mentioned above. It has been found that all else being
equal, more firms will shift from efficient sourcing
to responsive sourcing in equilibrium if the market
size shrinks, the demand becomes more volatile, or
the sourcing costs rise simultaneously. These findings
corroborate the industry observations. In addition, we
find that both firms can be better off when the cost of
efficient sourcing increases. This implies that, contrary
to our intuition, the rising labor and logistics costs in
Asia may actually improve the profitability of all firms
in the market.

We also investigate the strategic impact of the back-
shoring trend in a general setting with multiple firms.
It has been found that backshoring reduces competition
on the cost dimension, which benefits the rest of the
firms in the industry. However, it also has an informa-
tional effect because of the change in the information
structure of the game. The informational effect is gener-
ally not monotonic. Specifically, we find that increasing
the correlation of the firms’ demand information may
benefit some of the firms. This is in contrast with the
existing results in the literature showing that higher
correlation is detrimental to the firms under Cournot
competition with substitutable products. Overall, our
analysis shows that the backshoring behavior may
benefit the rest of the firms in the market under certain
conditions.

The organization of this paper is as follows. Section 2
reviews the literature. Section 3 describes the model.
Sections 4-6 analyze the model and derive the main
insights. Section 7 concludes the paper. All proofs are
given in the appendices.

2. Literature Review

This paper studies firms’ sourcing decisions that take
supply lead time or responsiveness into consideration.
Fast and flexible delivery performance is considered a
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key supplier selection criterion and has been extensively
studied in the literature. Fisher (1997) proposes the
notion of responsive supply chains (i.e., supply chains
with flexible capacities and fast lead times) and efficient
supply chains (i.e., supply chains that emphasize low
production and logistics costs), which is similar to the
two sourcing modes in this paper. There is a large group
of papers that focus on how to secure sufficient and
responsive supply by designing appropriate contracts
and incentives for the suppliers. Cachon (2003) and
Elmaghraby (2000) provide comprehensive reviews
of the contracting and sourcing strategies in supply
chain settings. The majority of studies in this category
consider a single firm’s sourcing problem; in contrast,
our paper analyzes the firms’ sourcing strategies in a
competitive setting.

An effective strategy that can be used to increase the
responsiveness of supply is the so-called quick response.
In quick response, lead time is shortened so that a
firm may place a second order after observing early
demand information. Caro and Martinez-de-Albéniz
(2010) study quick response in a duopoly game: the
firms make quick-response-related decisions in the first
stage; then they engage in inventory competition in
the second stage. Despite the similarity in the game
structures, our paper differs from Caro and Martinez-
de-Albéniz (2010) in several important aspects. First, in
quick response, a firm has two replenishment oppor-
tunities, whereas in our model there is only a single
ordering opportunity. Second, the second-stage game is
formulated in different ways. Caro and Martinez-de-
Albéniz (2010) consider inventory competition based
on stockout substitution. Instead, we use Cournot
competition to model the second-stage game, which
allows endogenous market price and is more amenable
to analysis. Third, the purpose of our paper is to
understand the role of information structure in firms’
sourcing decisions and the offshoring/backshoring
phenomenon, whereas Caro and Martinez-de-Albéniz
(2010) focus on the value of quick response under
competition. Accordingly, these papers present distinc-
tive but complementary sets of results and managerial
insights.

Our paper adopts the Cournot model and is related
to papers that study the first-mover advantage in
quantity competition. Gal-Or (1985) shows that in a
Stackelberg game, the first mover has the first-mover
advantage (disadvantage) when the reaction function of
the follower is downward (upward) sloping; the author
uses quantity competition as an example to illustrate
the first-mover advantage. Wang et al. (2013) study
firms” quick-response choice in a competitive setting.
They find that even when quick response is not more
costly, firms may not choose to use it in equilibrium.
The reason is that without using quick response, a firm
can move first and enjoys the first-mover advantage
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by producing a large quantity to deter the follower. A
key assumption made by these papers is that the first
mover’s output decision is observable or committable.
However, we study a situation where the quantity
decision of the efficient sourcing firm is not observable.
As a result, the key driving force in our sourcing game
is the information structure rather than the first-mover
advantage.

This paper involves information acquisition in a
Cournot setting, which has been studied in the litera-
ture. Novshek and Sonnenschein (1982), Li et al. (1987),
and Vives (1988) study information acquisition games
in various settings and find that only symmetric equi-
libria exist. Similar to Daughety and Reinganum (1994),
we show that asymmetric equilibria may arise, but for
a different reason. In our paper, the driving force is
the correlation between firms’ information, whereas in
Daughety and Reinganum (1994), the result is driven
by the assumption that the follower can observe the
leader’s decision and thus obtain free information.

There is a related literature on information sharing
under Cournot competition with substitutable products;
see Raith (1996) and Vives (1999) for reviews of this
literature. In these information-sharing models, each
firm is equipped with an exogenously given signal,
and its decision is whether to share this signal. The
majority of studies consider symmetric model settings
and observe that information sharing will increase the
correlation of the firms’ signals, which is detrimental
to all firms. In our model setting, each firm chooses its
sourcing strategy, which determines both the sourcing
cost and demand signal. Because of these distinct
features, our paper generates different results and
managerial implications. For instance, we find that a
higher signal correlation does not necessarily hurt all
the firms when they source from asymmetric locations
in the sourcing game.

Similar information paradigms have been applied
in the supply chain management literature to model
information sharing/leaking/investment; see, for
example, Li and Zhang (2008), Gal-Or et al. (2008),
Anand and Goyal (2009), Shin and Tunca (2010),
Taylor and Xiao (2010), and Ha et al. (2011). These
studies have quite different model settings, and none
of them considers the location-based supplier selection
decision, as in our paper.

There is a group of papers that study the bene-
fit of outsourcing in competitive settings. In these
papers, two firms compete in the same market, and
each firm may choose to either insource or outsource
the production of the product/service. Some of the
representative studies include Cachon and Harker
(2002), Liu and Tyagi (2011), and Feng and Lu (2012).
These studies do not consider supply responsiveness
when modeling the difference between insourcing and
outsourcing. By contrast, our paper explicitly includes
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the responsiveness factor in firms’ decisions. We model
the responsiveness by accurate demand information
and find that the information structure plays a critical
role in the firms’ sourcing strategies. In particular, we
show that information correlation may serve as a new
driving force underlying firms’ outsourcing decisions.

Resource flexibility and delayed differentiation have
been widely acknowledged as effective tools to manage
uncertain demand. Several papers examine these two
strategies under competition; see, for example, Goyal
and Netessine (2007) on capacity flexibility and Anand
and Girotra (2007) on delayed differentiation. These
studies focus on ex post flexibility, i.e., the flexibility
to change production mix after demand is realized,
whereas our paper is about ex ante flexibility, i.e.,
the opportunity to obtain accurate information when
making the quantity decision before demand is realized.
Moreover, we study firms’ strategic sourcing decisions
in a single-product setting, whereas they focus on
the value of resource flexibility in a multiple-product
setting.

In summary, this paper contributes to the literature
by obtaining a better understanding of how strategic
interactions affect firms’ sourcing choices that involve
the cost-responsiveness trade-off. In addition, the back-
shoring phenomenon is rather new, and there has
been little research dedicated to exploring this industry
trend. This paper also aims to shed some light on the
driving forces behind such a trend and investigate its
potential impact on market competition.

3. Model

Two firms (A and B) compete in the same market
by selling substitutable products. Both firms need to
decide where to locate their production facilities (i.e.,
offshoring or not). Alternatively, the firms source their
product (or a critical input of the product) from external
suppliers and need to make their supplier selection
decisions. For ease of exposition, we consider the firms’
supplier selection decisions rather than offshoring
decisions. There are two types of suppliers: efficient
and responsive. An efficient supplier incurs a low
production cost, but the procurement lead time is
long; a responsive supplier has a short lead time, but
the production cost is high. In this paper, we focus
on the interpretation that the efficient type refers to
the suppliers located overseas, and the responsive
suppliers are domestic ones; however, our model also
applies to situations where both supplier types have
similar geographical locations, but quote different
lead times and prices. The firms may choose between
the efficient sourcing mode (i.e., sourcing from an
efficient supplier) and the responsive sourcing mode
(i.e., sourcing from a responsive supplier). We focus
on sole-sourcing strategies for the firms in this paper;
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i.e., sourcing from both types of suppliers is not a
viable strategy. In the context of offshoring, it might be
prohibitively costly to invest in production facilities at
more than one location. It has also been reported that
sole sourcing is commonly used in certain industries
due to cost and long-term relationship considerations.
(For a discussion of sole sourcing in the automobile
industry, see Lester 2002.)

The life cycle of the products is relatively short com-
pared to the procurement lead time. As a result, the
firms have to make their procurement decisions before
the selling season starts, when the market demand
is still uncertain. We assume that the firms engage
in Cournot (quantity) competition after choosing the
sourcing strategies. The Cournot model is appropriate
in our problem because we are interested in the firms’
procurement quantity decisions under demand uncer-
tainty. We analyze a one-shot Cournot game in this
paper for simplicity. The qualitative insights will be
similar if the firms compete in multiple independent
periods. Specifically, given the firms’ procurement
quantities Q; (i = A, B), the market clearing price is
p=a—(Qu+ Qp) +u, where a is the intercept of the
inverse demand function, and u is a random term that
represents the demand uncertainty with mean E[u] =0
and variance Var[u] = 7. Later we refer to a as the
market size since a is a measure of the expected market
potential.

We denote the efficient supplier type by S; and the
responsive supplier type by S,, where the subscripts /
and s stand for long and short lead times, respectively.
Let w;, and w, (w; < w,) be the exogenous procurement
prices associated with the two types of suppliers. These
procurement prices determine the cost differential
between the sourcing modes. Sourcing from S is a
feasible strategy only if the profit margin p — w, =
(a —w,) — (Q4 + Qp) + u is nonnegative. We assume a
is greater than a lower bound 4, where g — w, is large
enough (relative to the standard deviation of u) so that
the probability of negative profit margin is negligible.

Responsive sourcing allows a firm to make its quan-
tity decision when it has a better understanding of
the market demand. We model such an informational
advantage as follows. If a firm sources from S, then it
will obtain a signal about future demand at time 1; if
a firm sources from S;, then it will obtain a demand
signal at time 2, which is closer to the selling season.
Let x; (t=1,2,i=A, B) denote the signal of firm i
at time t. The signal is determined by the demand
term u and some random noises. We assume the
demand signals satisfy the following conditions: First,
both E[u | x,;] and E[xy; | x,;] are affine in x,;. Second,
E[x,; | u] = u; i.e., the signals are unbiased estimators of
u. Let m, = E[Var[x,; | u]], the expected variance of the
signals conditional on u. We may view m, as the noise
level in a signal and use 1/m, as a measure of signal
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Figure 1 Timeline of Information and Decisions

Firms decide
sourcing mode

Efficient sourcing
firm(s) places order

Responsive sourcing
firm(s) places order

Firms sell products at
market-clearing price

Time 0 Time 1

Demand signals
x;(i=A, B)

accuracy. Clearly, there is m; > m, because the time 2
signal should be more accurate than the time 1 signal.
Moreover, the signal noises can be correlated. Let

E[Cov[x, xy; | u]] p
\/E[Var[xﬁ | u]lE[Var(x,,

B if t=#,
ul] prp ift#L,

where i # j, p is the coefficient of correlation of the
signal noises from the same time and p, is the coeffi-
cient of correlation of the signal noises from different
times.! Then, using the results in Ericson (1969) and Li
(1985), we can derive the following useful expressions
for analysis:

n
Eu xi =—x1’, 1
[1%,] = L, )
M‘xti lftzt/,
n-+m
E[xt’j [ x,] = 2)
N+ P/ MMMy . ,
——x,; ift#{t.
n+m

As an illustration of the above model, we present
a special case based on the information setup used
in the literature (see, e.g., Novshek and Sonnenschein
1982). Suppose each firm depends on an independent
forecasting agency to generate its demand signal. At
time t, there is a pool of sample observations G, =
{81,802, -/ &}, Where g, =u-+¢g, and g, is a ran-
dom noise that may affect the firms” demand belief.
The noise terms ¢, (t=1,2and k=1,2,...,n) are
independent of each other and independent of u; in
addition, they follow normal distribution and have
mean zero and variance 8, (8; > 6,). The signal x,;
in the above model is generated at time ¢ based on
n, sample observations taken by firm i’s agency. For
example, if both firms source from S;, then each firm’s
signal is generated by n; (n; < n) samples from G;.
Since there may be overlapping samples, the noises in
the firms’ signals x;, and x;5 can be correlated with
a coefficient p > 0. Similarly, if firm A sources from
S, and firm B sources from S, then x,, is based on
the n; samples from G,, whereas x,; is based on n,

! For simplicity, we assume that the coefficient of correlation p is the
same for time 1 and time 2. Relaxing this assumption will not affect
the qualitative results.
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v

Time 2 Time 3
Demand signals Demand is realized

% (j=A,B)

samples from both G; and G,. Again, depending on
the number of overlapping samples, the noises in the
firms’ signals x,, and x,; can also be correlated. We
provide a detailed description of this signal generat-
ing process in Appendix B. It can be shown that the
correlation coefficient p;, for cross-time signal noises
satisfies p,, <./m,/m;p, where the equality holds only
when x,; contains all the 1, samples based on which
x,3 would be generated. Based on this example, we
focus our analysis on 0 < p;, <./m,/m;p in the rest of
the paper.

We study the firms’ sourcing strategy equilibrium
under Cournot competition in a two-stage game. The
timing of the events is shown in Figure 1. First, at
time 0, the firms simultaneously choose their sourcing
modes (i.e., either sourcing from §; or S,); second,
at time 1, the firm(s) sourcing from S, receives its
signal x;; and places an order; then, at time 2, the
firm(s) sourcing from S, receives its signal x,; and
places an order; finally, at time 3, the market demand
is realized, and the firms sell their products at the
market-clearing price.” The firms” demand signals are
private information. We emphasize that the quantity
decision made by a firm at time 1 is not observable
to the other firm.? All the parameters are common
knowledge except the firms’ private signals. Both firms
are risk neutral and aim at maximizing their expected
profits. For concision, we use profit instead of expected
profit when no confusion will be caused.

Let (S, S), (51, S,), (S, Sy), and (S;, S;) denote the four
possible equilibrium structures of the sourcing game.
We use superscripts I, Is, sl, and ss to refer to these
sourcing structures with the first (second) letter denot-
ing firm A’s (B’s) supplier. For instance, 15 denotes the

2 For tractability, we focus on the situation where the firms will
not withhold the products after receiving more accurate demand
information. That is, there is a negligible chance that the firms find it
optimal to hold back some inventory from the market because of
extreme demand realizations. Such an assumption has been used in
Anand and Girotra (2007) and Goyal and Netessine (2007).

% In our model setting, the quantity ordered at time 1 will not be
delivered until time 3, so it is generally not possible for the other
firm to observe or verify the quantity before the delivery time.
Further, it can be costly for firms to credibly share information or
make a commitment in practice (this may require enforcement by a
third party such as the court of law). Thus, we focus on the situation
where the quantity decision at time 1 is not observable.
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Figure 2 Firms’ Expected Profits in the Sourcing Game

Firm B
S; S

u o Is s

) S;| T4, Mg Tla, g
Firm A sl sl ss __SS
S, | Ta, IIp T, Tlp

expected profit of firm B under the sourcing structure
(S, S;) with firm B sourcing from supplier S,. The above
sourcing game can be characterized by the 2 x 2 matrix
in Figure 2. For future comparison, we first analyze
a base case of the model with deterministic demand.
We use Qf to denote firm i’s (i = A, B) equilibrium
quantity in the Cournot competition.

ProrosiTiON 1. Under deterministic demand (i.e.,
n=0), (5, S)) is the unique sourcing equilibrium where
Qi =Q;=(a—w)/3 and I, =TT = (a — w;)?/9.

Without demand uncertainty, both firms will choose
to source from the low-cost supplier. The major bene-
fit of responsive sourcing is to obtain more accurate
demand information, which does not exist if there
is no demand uncertainty. As a result, the compet-
itive advantage rests solely on cost efficiency, and
hence (S, 5)) is the only sourcing equilibrium. This
result implies that for products with highly predictable
demand, offshoring is still a useful strategy because
firms compete mainly on cost. In the next two sections
we will see how demand uncertainty may change the
sourcing equilibrium.

4. Equilibrium Analysis

This section presents the equilibrium analysis of the
sourcing game. Since there is incomplete informa-
tion (the firms observe private signals), we apply the
Bayesian Nash Equilibrium (BNE) concept to character-
ize the outcome of the game. The Bayesian game can
be solved backward. First, we derive the equilibrium of
the Cournot competition under each sourcing structure.
This gives us the firms’ expected profits in the 2 x 2
matrix in Figure 2. Then we compare the profits to
determine the equilibrium of the sourcing game.

We present the analysis for sourcing structures Is, ss,
and [I; the structure s/ is essentially the same as Is by
symmetry. We first consider the Cournot competition
outcome under the sourcing structure /s. In this case,
firm A sources from S;, so it only obtains the signal
x4 when placing its order at time 1; firm B only
obtains the signal x,; when placing its order at time 2.
When placing its order, firm A knows that firm B
will obtain a signal x,; at time 2. Although firm A
cannot observe x,z, it can update its belief of x,; based
on x;,. When making its ordering decision at time 2,
firm B does not know firm A’s exact order quantity
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placed at time 1. Therefore, even though the firms
place their orders at different times, they essentially
engage in a simultaneous-move game rather than a
Stackelberg game. The following proposition shows
there is a unique BNE of such a Cournot subgame
with incomplete information.

ProrosiTioN 2. Consider the sourcing structure s,
where firm A obtains the signal x,, at time 1 and firm B
obtains the signal x,y at time 2.

(i) There is a unique BNE (Q%(x14), Qj(x25)) in the
Cournot competition, where

Qi (x14)
a 2
~3 39T 3"

N(2m, +m — /mym,p,) X
A7
4(my + ) (my + M) — (N + /myngp,)?
Qp(x25)
a 2

~3 3% t3"

N(2my +n — /mym,p,) x
2B+
4(my +m)(my +m) — (n+ /mymypy,)?

(ii) The firms” profits in equilibrium are given by

®)

“)

1
5 = ~(a — 2w, + w,)?

9
n°(2m, +m — V1M 1,01,)°
(4(my +m)(my +m) — (0 + /mym,p15)*)?
(my+m), ®)

Iy = 5 (20, +w)?
”’12(2’”1 +n—m m2p12)2
(4(my +n)(my +m) — (N + /my1mypq,)?)?
- (my + ). (6)

We emphasize a couple of observations from this
proposition. First, a firm’s equilibrium strategy Q; is a
function of the signal the firm obtains. Both Qf and
[T consist of two terms, each corresponding to an
exclusive set of parameters. The first term represents
the profit under no demand uncertainty, which only
depends on the sourcing costs (w;, w,) and market
size (a). Such a term reflects the cost efficiency of the
sourcing mode and thus is referred to as efficiency term
hereafter. The second term denotes the additional profit
due to demand uncertainty, which is referred to as
information term because it only consists of the infor-
mational parameters (7, m,, py,). From Equations (5)
and (6), we can see that compared with firm B’s profit,
firm A’s equilibrium profit has a larger efficiency term
but a smaller information term. This illustrates the
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trade-off between cost and responsiveness/information.
It can also be shown that each firm’s profit increases
in the accuracy of its own signal and decreases in
the accuracy of the competitor’s signal. Another find-
ing is that the firms’ profits are increasing in 7; i.e.,
under Cournot competition, they actually prefer higher
demand variability. In particular, both firms can make
more profit with demand uncertainty (n > 0) than
without demand uncertainty (n =0).

The following proposition characterizes the Cournot
competition outcome under the sourcing structures !
and ss.

ProrosiTiOoN 3. Consider the sourcing structure jj (j =
1, s), where firm A obtains the signal x,, and firm B obtains
the signal x,p at time t (t=1for j=1,t=2 for j=s).

(i) There is a unique BNE (Q%(x,4), Q}(x;5)) in the
Cournot competition, where

Qi) = b
A tA) — 3 mt(2+p) +3n tA 7
QB(xtB) = 3 + mt(2+p) +3nxtB‘
ii) The firms’ profits in equilibrium are ¢iven b
p q 8 Y
o @=wF  om )
H]] — H// — ] t i 8
=9 Tmarp e O

Again, the firms’ profits are increasing in demand
uncertainty. In addition, it can be readily shown that
the firms’ profits are increasing in the signal accuracy
(measured by 1/m,). Decreasing m, directly benefits a
firm, but meanwhile it also benefits the competitor,
which indirectly hurts the firm. Our result shows that
the direct benefit always dominates the indirect effect;
i.e., the firms’ profits are always increasing in the
signal accuracy 1/m;,. This means that if there is a
better forecasting technology that can improve both
firms’ signals, then both firms will benefit from the
technology.

Now we are ready to characterize the equilibrium of
the sourcing game. The results will be presented in
the next two subsections. We separate the discussion
for w; = w, and w; < w, because both the analysis and
insights are quite different in these two cases.

4.1. Sourcing Equilibrium with w, = w,

We first analyze the benchmark case where the sourcing
costs from S; and S, are equal; i.e., w, = w,. Although
S, is not more efficient than S,, we still refer to S, as
the “efficient” supplier for consistency. The sourcing
game is defined by the 2 x 2 matrix in Figure 2. Since
sourcing from §; is strictly dominated by sourcing from
S, (the trade-off between cost and responsiveness no
longer exists), intuitively, no firm would choose S, in
this case. However, our analysis shows that such an
intuition is not always true.

RIGHTS L

ProrosITiON 4. Consider the sourcing game with w; =
w, and py, < /m,/myp. There exists a § (0 < & < 1) such
that (S;, S,) is the unique equilibrium if m, > Emy, (S, S,)
is the unique equilibrium if m, < émy, and both (S, S,)
and (S,, S,) are equilibria if m, = Emy.

Proposition 4 states that if the gap between m,; and
m, is less than a threshold, then one of the two firms
will choose §; in equilibrium. This suggests that in a
competitive setting, it might be optimal for a firm to
source from the long-lead-time supplier, even though
the supplier has no cost advantage at all. In fact, it can
be shown that this may happen even when there is a
cost disadvantage associated with S;. Why would a
firm choose a strictly dominated sourcing strategy?
The explanation is as follows. Suppose firm B has
already chosen responsive sourcing. When choosing its
sourcing strategy, firm A needs to compare the profit
functions I1% in (8) and I1% in (5). Given w, = w,, we
know the efficiency terms in these two profit functions
are equal. So firm A’s optimal strategy hinges upon the
comparison of the information terms. By sourcing from
S,, firm A benefits from observing a more accurate
demand signal. Call this the accuracy effect. However,
both firms sourcing from S, implies a higher correlation
of the firms’ signals (the correlation between x,, and
X,p is higher than that between x;, and x,;). Consider
a special case with m; = m,; i.e., sourcing from S,
offers no advantage on signal accuracy. Then we can
see that the coefficient of x;, in (3) is larger than the
coefficient of x,, in (7), which means firm A’s output
quantity is less variable in the ss sourcing structure
than in the Is structure. In other words, increased
correlation will intensify competition, making firm A’s
order quantity less responsive to observed signal and
resulting in a lower profit. Call this the correlation
effect. Consequently, firm A will choose S, only if the
accuracy effect dominates the correlation effect, which
happens when x,, is sufficiently more accurate than
x4 (i-e., the gap between m; and m, is sufficiently
large).

It is noteworthy that with w, = w,, the firms’ sourc-
ing decisions boil down to choosing which signal
to observe. This resembles the information acquisi-
tion game studied in the literature; see, for example,
Novshek and Sonnenschein (1982), Li et al. (1987), and
Vives (1988). It has been reported in the literature that
only symmetric equilibria exist in general. However,
we find that asymmetric equilibria may arise in such an
information acquisition game. This difference is because
those studies only consider situations with indepen-
dent signal noises, and thus the correlation effect in
our paper is absent. As an exception, Daughety and
Reinganum (1994) identify an asymmetric equilibrium
in which one firm acquires a perfect demand signal
and the other chooses to be uninformed. Since perfect
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signals are considered, there is no correlation effect
in Daughety and Reinganum (1994) either. However,
it has been assumed that the leader’s quantity deci-
sion is observable to the follower so that the follower
can perfectly infer the demand information from the
leader’s quantity decision. This provides incentives
for a firm not to acquire any information early on
because it may obtain the same information later at no
cost by observing the leader’s action. Therefore, the
driving force underlying the asymmetric equilibrium
in Daughety and Reinganum (1994) is different from
the one in our paper.

The above analysis shows that firms may choose
differentiated sourcing strategies to reduce competition.
It identifies a new explanation of outsourcing: Under
certain competitive settings, the aforementioned corre-
lation effect may incentivize a firm to outsource from
a long-lead-time supplier even if the supplier has no
cost advantage. So far the role of the correlation effect
has received little attention in the sourcing literature.
This is mainly because when studying the trade-off
between sourcing cost and responsiveness, the majority
of the literature focuses on single-firm settings. In a
single-firm setting, the firm only needs to consider the
accuracy of demand information. However, Proposition
4 shows that in a competitive setting, the correlation of
information may also influence firms’ strategic interac-
tions and lead to interesting game outcomes. In §5,
we consider multiple-firm settings and present more
results about the impact of information correlation.
To our knowledge, this paper is the first to develop a
theory about the correlation effect on firms’ competitive
sourcing strategies.

From anecdotal industry evidence, managers seem
to understand the value of market information when
making their sourcing decisions. Many firms actually
emphasize that by being closer to the market, they can
obtain more accurate information and respond more
quickly to market changes. In the academic literature, it
is well known that correlation of information plays an
important role in Cournot competition (Vives 1999). Our
research suggests that managers should not overlook
the correlation effect when devising sourcing strategies.
For example, following the competitors” footprint to
either offshore or backshore would clearly change the
information structure of the competition, and firms
need to take both the accuracy and correlation effects
into account. Based on this work, one may naturally ask
whether the theoretical prescriptions are consistent with
firms” actual behavior in making sourcing decisions. For
instance, how does the information structure, especially
the correlation effect, drive firms’ sourcing decisions in
practice? This is an important empirical question that
deserves further research attention.
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4.2. Sourcing Equilibrium with w, < w,

We proceed to derive the firms’ sourcing equilibrium
for w, < w,. Again, the sourcing game is given by the
2 x 2 matrix in Figure 2. Define the following notation:

_ M(my+m)
 (my(2+p) +3n)?
_ P@my + = Jmymypip)*(my + 1)
(4(m1 +m)(my +m) — (0 + /mymypy;)?)? ’
r.— 0 (2my 4 n — /my,p,)* (1, + 1)
g (4(my + ) (my +m) — (0 + /Mymyps5)*)?

_ n(mi+m)
(my(2+ p) +3m)*’
9 I, 9 I
T, = -, d T,= -
! wl+4ws—w, an 2T w+4w —w

To simplify the exposition, when one firm sources from
S, and the other from S, in equilibrium, we assume
without losing generality that firm A sources from §,.
Then T, is the difference of firm A’s information terms
under the ss and the Is structures (see Propositions 3
and 2); I, is the difference of firm B’s information
terms under the /s and the I/ structures. It can be
shownI'y <Iy and T < T,.

ProPoSITION 5. The equilibria of the sourcing game are
given as follows:*

() If a<T, then (S,, S,) is the unique Nash equilibrium.

(ii) If a=T,, then both (S, S,) and (S;, S,) are Nash

equilibria.

(i) If T, <a < T, then (S, S,) is the unique Nash
equilibrium.

(iv) If a=T,, then both (S;, S;) and (S;, S,) are Nash
equilibria.

(V) If a>T,, then (S;, S)) is the unique Nash equilibrium.

In contrast with the deterministic demand case,
Proposition 5 shows there is a larger set of possible
equilibria in the presence of demand uncertainty. The
equilibrium is not necessarily unique. When T} <a <
1,, the symmetric sourcing game has an asymmetric
equilibrium, (S;, S;). The equilibria characterized in
Proposition 5 enable us to investigate how different
problem parameters affect the outcome of the sourcing
game. First, we consider the impact of the demand
uncertainty. Extensive numerical analysis shows that
both T; and T, increase in 7; i.e., both threshold values
will be larger as the market demand becomes more
variable. The increase in T, means that (S;, S;) will

* A necessary condition for equilibrium (S, S,) is a < T, = w, +
T, /(w, — w,). However, the nonnegative constraint requires a > a.
Therefore, (S, S,) is an equilibrium only when T, is sufficiently large
(e.g., when w, — w, is small or I, is large enough); otherwise, (S, S,)
cannot be an equilibrium. Similarly, (S;, S,) cannot be an equilibrium
if T, <a.
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be less likely to happen because it is the equilibrium
of the sourcing game only if a > T,. In addition, the
increase in T; means that (S, S,) will more likely be an
equilibrium outcome. Thus, we conclude that a more
volatile market demand drives more firms to source
from S,.

Second, the market size plays a critical role in deter-
mining the equilibrium of the sourcing game. When
the market is relatively small (2 < T), both firms will
adopt the responsive sourcing mode; when the mar-
ket size is intermediate (T; < a < T,), the firms will
diversify their sourcing strategies; when the market
is relatively large (a > T,), both firms will adopt the
efficient sourcing mode. That is, all else being equal,
as the market size shrinks, firms are more likely to
use responsive sourcing in equilibrium. This result
suggests that different competitive weapons might
have different values depending on the market con-
dition: in a small niche market, firms should give
higher priority to responsiveness when choosing their
suppliers; however, in a large mass market, focusing
on efficiency and cost reduction through offshoring
would be a more effective strategy. There is a twofold
explanation for this observation. When the market
size is large, the firms’ selling quantities are large,
too, which implies that a low procurement cost can
bring in more benefits. Additionally, recall that a is
the expected market potential, so a smaller a implies a
more variable market (the coefficient of variation of
the demand increases as a decreases).

We also investigate the impact of decreasing the
market size while keeping the coefficient of variation
(v/n/a) constant. In this case, the impact is a com-
bination of the effect of only decreasing a and the
effect of only decreasing 7, both of which have been
discussed above. The result can happen either way (i.e.,
either more firms source from S, or more firms source
from §;), depending on which effect is dominant. It is
found that if w, — w, is greater (less) than a market-
size-dependent threshold, the effect of only decreasing
a (n) dominates, and more (fewer) firms will source
from S,. This is because as a decreases, the benefit of
efficient sourcing decreases, and the decreasing speed
is faster for larger w, — w;; as the demand uncertainty
1 decreases, the benefit of responsive sourcing also
decreases. Therefore, when w, — w; is large enough, the
attractiveness of efficient sourcing decreases faster than
that of responsive sourcing, which drives more firms
to source from S,.

Third, it is worth noting how the sourcing equilib-
rium varies with the sourcing costs. What will happen
if w; and w, rise simultaneously? This question is
motivated by the observation that the rising commodity
prices in the global market would affect a supplier’s
cost regardless of its location (imagine the production
requires a certain input available only in the global
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commodity market). Hence, the sourcing costs for
both the efficient supplier (e.g., located in Asia) and
the responsive supplier (e.g., located in the United
States) may inflate by the same amount at the same
time. Suppose w; and w, increase simultaneously while
w, — w; is held constant. Under this condition, it is
clear that both T; and T, increase in the sourcing costs.
The increase in T; and T, will make (5;, S;) less likely
and (S,, S;) more likely to occur. Thus, even if the cost
differential remains constant, a universal cost increase
will drive more firms to source from S,. This is because
the cost differential as a fraction of the sourcing costs
(i.e., the relative cost advantage of efficient sourcing)
will decrease as the sourcing costs rise. Such a finding
corroborates the recent “backshoring” trend, which has
been taking place when the raw materials prices in the
global market increase rapidly.

So far we have discussed the impact of parameter
changes on the equilibrium sourcing structure. Based
on Proposition 5, we may also study the impact of
parameter changes on the firms’ performances. We
focus on the cost increase at S; because the rising labor
and logistics costs in emerging economies have come
under the spotlight in recent years. A natural question
to ask is the following: How does such a cost increase
affect firms’ profits? To answer this question, define

T=—a+42w,—w,++/(a—w)?>—91%,

at+w 1
T = + 2 —w; — =/ (a—w,)?2+9T,,

2 2

9n*(my + 1)
(my(2+ p) +3n)?

9P (2my +m — Jmymypip)* (my + 1) ]1/2
(4(my + m)(my +m) — (0 + /Mymyps5)?)?

PROPOSITION 6. Suppose a > T, = w, + 3T/ (w, — w;)
so that (S;, S;) is the sourcing equilibrium. Then an increase
of w; by 7 >0, where T <7 <min{7,, 7,}, will shift the
sourcing equilibrium from (S;, S;) to (S, S,) and make both
firms Detter off.

1
R (O

Interestingly, Proposition 6 suggests that a cost hike
in emerging economies may benefit both firms in the
industry. To see an example, consider a =25, w, =
0.5, w;, =04, n=10, m; =10, m, =1, p;, =0, and
p =0.5. Under these parameters, there is a > T, =
22.2, so (5}, 5)) is the sourcing equilibrium, under
which the firms’ profits are 11"} = I1! = 67.90. Now,
suppose w,; increases by 7.5%, or 0.03. Then it can be
shown that the new sourcing equilibrium is (S, S,),
under which I15§ = 67.93 and 115 =67.94. A few points
are worth emphasizing about Proposition 6. First, a
premise for this result is that the cost increase must
lead to a different sourcing equilibrium. From firm
A’s (the firm remaining at S;) perspective, firm B
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backshoring alleviates the competition on the cost
dimension (firm B now faces a higher cost w,) and
reduces the signal correlation. For firm B, backshoring
is beneficial because of improved signal accuracy as
well as reduced correlation. Therefore, both firms may
benefit from the backshoring trend driven by cost
hikes at S;.5 Second, the result requires differential
costs (i.e., w, > w;); however, it is not necessary for
both the accuracy and correlation effects to be present.
Such a result may still hold even without the accuracy
effect (i.e., under m; = m,) or without the correlation
effect (i.e., under p =0). Next, Proposition 6 requires
7 <1 <min{7, 7,}. That is, the cost increase must be
large enough to make a firm benefit from backshoring;
at the same time, the cost increase is not too large
so that only one firm backshores (by 7 < 7;) and the
efficient sourcing firm can still be better off (by 7 < 7,).
In fact, a large cost increase (7 > 7;) may also make the
firms better off by driving both of them to backshore;
this happens when 7, < 7,, which is equivalent to
1 > 117, i = A, B. Note that these observations do not
necessarily happen for any initial equilibrium (5, 5;). In
particular, there might be 7 > 7, and 7, > 7, when w,,
m,, or p, is large enough; in this case, at least one firm
will be worse off no matter how many firms backshore.
Lastly, it can be shown that increasing w, could make
both firms better off if it causes the equilibrium to shift
from (S, S,) to either (S, S;) or (5;, S)); such a result
is analogous to the above discussion and therefore
omitted.

5. Multiple Firms

This section extends the basic model in the previous
sections to N > 2 firms. The purpose is to check the
robustness of results and derive additional insights in
a more general setting. Let (K;, K;) denote the sourcing
structure with K; firms sourcing from S, and K, firms
sourcing from S;. The total number of firms N is kept
constant, so (K;, K,) can also be written as (K;, N — K))
or (N —K,, K,). With N > 2, it is no longer appropriate
to use subscripts A, B for the firms. Instead, we use
subscripts I, s to stand for the firms sourcing from
S, and S,, respectively. For instance, I1;(K;, K;) (i =
1, ..., K,) is the profit for the ith firm that sources from

®Several studies have reported that under Cournot competition,
firms may benefit from an increase in their costs. These studies
require that there is either a nonlinear inverse demand function
(Dixit 1986, Kimmel 1992) or a nonlinear cost curve (Fuess and
Loewenstein 1991). In our model setting, both the demand and cost
functions are linear; however, a new feature of our model setting is
that each firm may choose the supplier type to source from, which
determines the cost as well as the associated demand signal for the
firm. Hence, the phenomenon that both firms may benefit from a cost
increase is driven by the change in the firms’ sourcing equilibrium,
which may alter both the cost and information structure of the
Cournot competition.
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S, under the structure (K;, K;). Suppose the ith firm
that sources from S, obtains a signal x,;, i=1, ..., K;;
the jth firm that sources from S, obtains a signal
X;, j=1,..., K. Recall that E[Cov[x;;, x,; | u]] = pm,
for ' =t and E[Cov[xy;, x,; | u]] = pyp/m;m, for t' #t.
Define
Ay(K, K) = [77(7”1((K1 —Dp+2)+n-Ky m1mzp1z)]
[(my (K, = Dp +2) + (K, + 1)m)
(my((Ks = 1)p +2) + (K + 1))
-1
— K K(n+y m1m2p12)2] ,
A(K;, Ky) = [n(mz((Ks —Dp+2)+n—K mlmzplz)]
[y (K = 1)p+2) + (K, + 1))
- (my((Ks =1)p +2) + (K, +1)m)
-1
- KK, (n+ m1m2p12)2]
It can be shown that for a given sourcing structure

(K;, K,), there is a unique equilibrium in the Cournot
subgame, where the firms’ profits are given by

(K, K) = (K}, K)
_ a+szs_(Ks+1)wl 2
B N+1
+[A1(K1rKs)]2(m1+77)/ i:1,...,K1, (9)
HS(KZ’KS) = Hsj(Klle)
_ [a+Kw,— (K, +1w, 2
B N+1
+[AS(K11KS)]2("12+77)/ jzl/“‘/Ks' (10)

Next, we characterize the equilibrium conditions for
the sourcing game. For ease of exposition, we focus on
the case w; < w,. Define a sequence of thresholds as

follows: Ty = —oo, Ty = 400, and
_ (N1 2
T = 5ngw =y WA~ LKA DF (s )

—[A(K;, KO (my+m)]
— %[(Ks —-K)(w,—w;)—2w,], for K,=1,...,N.

Then we have the following proposition.

ProrosiTiON 7. Consider the sourcing game with N > 2
and w; < w,. (K;, K,) is the sourcing equilibrium if and
only if Ty, <a < Ty ;.

Similar equilibrium conditions can be established
for the case w, = w,.° Through extensive numerical

% For w;, =w,, the thresholds will change to Ty =a+[A,(K,—1,K,+1)]*-
iy 1) — [A (K, KRy ), for K/ =1,...,N.
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experiments, we find that Ty, is strictly increasing in K;.
This implies that there is a unique sourcing equilibrium
unless a is exactly equal to some threshold Ty, . In that
case, both (K;, K;) and (K; — 1, K, +1) are equilibria.
When N =2, the proposition reduces to Proposition 5. It
has also been found that the comparative statics results
in the two-firm setting still hold here. That is, more
firms switch to responsive sourcing in equilibrium if
the market size shrinks, the demand becomes more
volatile, or the sourcing costs rise simultaneously.

5.1. Correlation Effect

In the two-firm setting, we find that firms may want to
diversify their sourcing strategies due to the negative
correlation effect. The correlation effect has been studied
in the literature on information sharing under Cournot
competition with substitutable products; see Vives
(1999) for a comprehensive review. It has been observed
that increasing the correlation of firms’ information
induces less responsive output strategies and thus
hurts the firms’ profits. Does this result hold in our
sourcing problem setting? To address this question,
we proceed to examine the impact of p on the firms’
equilibrium profits. Define

T = (n+/mymyp;,)
: [\/ mymypp (Kymy (K — 1) — Kymy (K; — 1))
+my (K — 1) (2my + ) — my (K — 1) (2m, + ”7)]

ProrosiTioN 8. Under the sourcing structure (K;, Ky),
the responsive sourcing firms’ profits increase in p when

2
[ml((Kl -Dp+2)+n-K, mlmzplz] my(K,—1) <K/T,
and the efficient sourcing firms’ profits increase in p when
2
[mz((Ks ~1p+2)+n—K; m1m2p12] my(K;—1) <—K,7T.

Proposition 8 states that given a fixed sourcing
structure, a higher p may improve certain firms’ profits.
One can easily construct examples where either the
responsive or efficient sourcing firms’ equilibrium
profits increase in p. Consider N =8, a=17, w,=0.5,
w;=0.4, n=10, m; =25, my, =1, and p,, =0. In this
example, (K; =5, K, =3) is the sourcing equilibrium
regardless of the p value. It can be readily shown that
A, increases whereas A; decreases in p, which implies
that the responsive sourcing firms will benefit from a
higher correlation. Therefore, in our sourcing problem,
higher signal correlation does not necessarily hurt
all firms. We offer the following explanation for the
discrepancy between our finding and the observation
in the literature. In our model setting, the impact of a
higher correlation can be decomposed into two effects.
The first effect causes the firms to use more correlated
output strategies, which always hurts the firms when
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they source from the same location. This is the effect
that has been identified in the literature.

The second effect arises because of the asymme-
try of the firms. Such an effect has not been fully
explored in the literature because most existing studies
consider symmetric firms.” In the sourcing problem,
however, the firms can be asymmetric if they choose to
source from different locations. There are two aspects of
such an asymmetry: First, the firms’ signals may have
different accuracy levels (i.e., m; > m,); second, the
congestion levels may be different at the two locations
(i-e., K; #K,). Consider the first aspect of asymmetry by
fixing K; and K;. In this case, we find that if m; —m, is
sufficiently large (the accuracy asymmetry is signifi-
cant enough), then increasing p always benefits the
responsive sourcing firms. As m; — m, decreases to
a certain range, then the responsive sourcing firms
benefit from increasing p only when p is less than a
threshold. To further explain, suppose m, —m, is suffi-
ciently large and K; = K,. Increasing p will change the
correlations among the firms at 5, and among the firms
at S, simultaneously. The correlation change drives
firms sourcing from each location to react less strongly
to signals. Since the firms sourcing from S, have much
more accurate demand information (they already have
a good estimate of the other responsive sourcing firms’
quantity decisions), an increased correlation p will
have a smaller impact on the firms at S, than on the
firms at S;. That is, the firms at S, will adopt relatively
more responsive output strategies and benefit from an
increased correlation.

Analogous observations have been obtained about
the second aspect of asymmetry. That is, if K; is suffi-
ciently larger than K|, then increasing p will always
benefit the responsive sourcing firms; if the difference
between K; and K, decreases to a certain range, then
the responsive sourcing firms benefit from increasing
p only when p is less than a threshold. These results
indicate that a change in the correlation structure
may influence the firms” output strategies differently
depending on their sourcing locations. In particular, a
higher p tends to have a greater negative impact on
the firms either with less accurate demand information
or sourcing from a more congested location.

5.2. Impact of Backshoring

The recent backshoring trend means that some firms
are switching from S, to S,. For a given market con-
dition, how does such behavior affect other firms’
performances? This is a practical question because
managers may wish to evaluate the impact of a change

7 There are studies in the information sharing literature that consider
asymmetric settings (e.g., Novshek and Sonnenschein 1982). However,
they do not identify the positive correlation effect because it is
difficult to separate the correlation effect from the accuracy effect
caused by information sharing.
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in their competitor’s sourcing strategy. We investigate
the impact of backshoring on sourcing competition in
this subsection.

First, the backshoring firm’s sourcing cost will
increase, which affects the efficiency terms in all firms’
profits. Analysis shows that the efficiency terms in
firms’ profits are increasing in K, (K, increases by 1
when a firm backshores). This means that more firms
backshoring decreases the competition intensity on
the sourcing cost dimension, and thus all firms are
better off without considering the information term.
It can also be shown that the expected procurement
quantity of a firm sourcing from S, is always greater
than that of a firm sourcing from S;: E(Qy;) — E(Qy) =
w, —w,; > 0. This is consistent with the empirical find-
ing in Jain et al. (2013) that global sourcing tends to
increase firms’ invento?l investments. Further, the
total expected output ;' E(Q;;) + Z;(;'l E(Q,j) equals
Ky(w, —w))/(N + 1)+ (N/(N +1))(a — w,), which is
increasing in K;. This explains why the efficiency terms
in both types of firms’ profit functions are decreasing
in K; but increasing in K.

Second, the backshoring behavior has a twofold
informational impact on market competition. On one
hand, it intensifies competition because the backshoring
firm will obtain more accurate demand information; on
the other hand, it alters the correlation structure of the
signals in the Cournot subgame. It is straightforward
to show that the first impact is always negative for the
rest of the firms. However, the second impact caused
by correlation change is more complex. In particular,
the change may benefit certain firms. For illustration,
consider an example where N =4, n =30, m; =m, =10,
p, =0, and p =0.5. Suppose one firm backshoring
shifts the sourcing structure from (K; =1, K; =3) to
(K; =0, K, =4); then it can be shown that A, (which
determines the information term ;) improves from
0.1613 to 0.1622. In this example, backshoring (weakly)
increases the signal correlation between any two firms
in the game, which makes all the responsive sourcing
firms better off. This is in line with the finding in §5.1
that increased signal correlation may be beneficial to
some firms. Because of the above countervailing forces,
the information terms in firms’ profits may not be
monotone in K. For brevity, we present the details
of the relationship between backshoring and firms’
information terms in Appendix A (see Lemma 1).

In summary, backshoring improves the efficiency
term in other firms’ profits, but it may or may not
increase the information term. The next result is about
the overall impact of backshoring on other firms’
performances for a given market condition.

ProPOSITION 9. If py, < \/m,/myp, then there exist
thresholds N’ and K such that any firm backshoring will
benefit all other firms if N > N’ and K, > K{.

RIGHTS L

According to Proposition 9, when the market is
highly competitive (N is large), all the firms sticking
to their original sourcing modes will benefit from
any firm backshoring as long as the number of firms
sourcing from S, exceeds a threshold. This indicates
that backshoring could be favorable from the industry’s
perspective under the sufficient conditions provided
above.®

6. Concluding Remarks

Motivated by the boom of offshoring/outsourcing in
the past few decades and also the recent new trend
of backshoring, this paper develops a game-theoretic
model to study firms’ competitive choice between
efficient sourcing and responsive sourcing. The main
findings and managerial insights from this paper can
be summarized as follows.

First, we find that a firm may still choose efficient
sourcing in equilibrium even when there is no cost
advantage associated with it. By doing so, the firm can
reduce the correlation between its own information
and the competitor’s and thus dampen the competi-
tion. This finding highlights the role of information
in firms’ sourcing strategies, which also provides a
new explanation for outsourcing. That is, in certain
competitive settings, firms may outsource to a long-
lead-time supplier to reduce competition rather than to
take advantage of low sourcing cost.

Second, we conduct comparative statics analysis to
investigate how the equilibrium outcome depends on
the problem parameters. Our result suggests that more
volatile demand, shrinking market size, and rising
global commodity prices are three possible factors that
contribute to the recent backshoring trend. Interestingly,
all else being equal, a cost hike in efficient sourcing may
benefit all firms in the industry. In other words, the
rising labor and logistics costs in emerging economies
may improve all firms’ profits. The reason is that the
cost increase may drive a firm to backshore, resulting in
a new equilibrium sourcing structure that can alleviate
market competition. This result, though unexpected,
may bode well for the U.S. government, which is now
calling for the insourcing of jobs as overseas costs rise
rapidly.

Third, we extend the basic model to multiple firms.
It can be shown that due to the asymmetry of the
firms, increasing the information correlation may bene-
fit some firms in our sourcing problem. This differs

8We have also studied the impact of a parameter change that
may drive the backshoring behavior. In this case, we compare the
firms” equilibrium profits before and after the parameter change.
Proposition 6 shows an example where an increase in sourcing
cost might cause backshoring and benefit all the firms. Similar
examples can be readily obtained by changing other parameters
such as demand variability.
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from the findings in most existing studies where the
correlation effect is found to be negative under Cournot
competition with substitutable products. Furthermore,
we examine the impact of backshoring on firms’ per-
formances. It has been found that backshoring will
reduce competition on the cost dimension, whereas its
impact on the informational dimension is ambiguous.
Overall, we show that the backshoring trend might
benefit all the firms sticking to their original sourcing
modes under certain conditions.

This work can be extended in several directions.
The firms are restricted to sole sourcing in the current
paper. One potential direction for future research is
to allow firms to use both responsive and efficient
sourcing simultaneously. In addition, this paper focuses
on Cournot (quantity) competition. Whether the results
continue to hold under other competition modes (e.g.,
price competition) remains an open question. Next,
the sourcing costs are exogenously given in our model
setting. Endogenizing the suppliers’ pricing decisions is
also a promising research direction. Finally, our paper
is among the first to identify the role of information
structure (e.g., the correlation effect) in sourcing compe-
tition. It would be interesting to empirically investigate
how the information structure actually drives firms’
competitive sourcing strategies in practice.
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Appendix A. Proofs of Propositions

Proor ofF ProPosITION 1. The proof is straightforward
and therefore omitted.

PrOOF OF PROPOSITIONS 2 AND 3. We provide a proof for
the general case with K; firms sourcing from S; and K| firms
sourcing from S,. The total number of firms is N = K, + K.
The proof covers Propositions 2 and 3 as special cases.

Let xy; be the signal for the ith firm sourcing from S, (i =
1,...,K)), and let x;; be the signal for the jth firm sourcing
from §; (j=1,..., K,). Then for i # j, E[Cov[x;, x; | u]] = pm,
for t' =t and E[Cov[x,;, xy; | u]] = p1pv/mmy for t' #t.

Suppose the firms sourcing from S; adopt strategies Qy;(xy;),
i=1,...,K, and the firms sourcing from S, adopt strategies

RIGHTS LI L)

Q,i(x), j=1,..., K. The expected profit of firm i sourcing
from S, conditional on signal xy; is
i

Wii(xu)ZQnE[ (Q,,+ 5 Qz,+ZQ5/> _w

J=1,j#i

The first-order condition yields

K; Ks
2Q;=a— E[ Z Qlj xli] - E[Z Qsj xli:|
j=1, j#i j=1

+E[u | xy;] —w;. (A1)

Similarly, the expected profit of firm j (j =1,...,K,)
sourcing from S; conditional on signal x,; is
w, xzj],
K
xz;‘] —E [ Z Qsi

K
2Qsj =a- E[Z Qi x2j:|
i=1 i=1, i]

+E[u | x5] — ws. (A2)

K K,
(X)) = QsjE|:a - <Qsj +2.Qu+ X Qsi> +u-—

i=1 i=1, i#j

which leads to

Define
Qi = Ayxy; + Byw, + Cyw,+ Dy, 1<K,
Q, = Ayxy; +Byw,+ Cyw,+ Dy, j<K.
Let
&) = Qi — Qi
= Qi — (Ayxy; + Byw, + Cw, +Dyy), 1<K,
8s(X2)) = Qg — Qsj
=Qy — (Agxy + Bjw, + Cyw; +Dy),  j<K,.
Then Equations (A1) and (A2) become
K;
Si(xy) = —];E[gl(xlj) [ x1:]

KS
— > E[g(xy) [ %], 1<K, (A3)
i=1

KS
8s(xa) =— > Elgs(x2) | Xy]

i=1

K
= Elgi(xi) [ %], j=<K,, (A4)

i=1

with the following eight simultaneous conditions:

n+pm
—2A; — }j Aj——
j=1j# Z+m
i mym
___m +ZA#E££Lii,i=LHWK,
m+im m+im

j=1

—2B); — Z BIJ_1+ZCS/ i=1,...,K,
J=1, j#i
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. E[Y i (81(x1))? + X121 (8,(x2)))2] =0, which further implies
—ZCH—] 12#1% ZBw i=1,..., K, 21(x,;) = 8.(¥,)) =0, fori=1,...,K;and j=1,..., K,. That s,
l us , Qi = Qi =Ayxy; + Byw + Cyw, + Dy, 1<K,
_2Dli_ Z Dljz—a—i—ZDs]-, 121,...,K1, )
j=1, j#i j=1 Q QS] - A51x2] + BS]w + C wl + D ] = Ks'
K,
—24,- Y A n+ pmy Therefore, the Cournot competition under the sourcing
T 1 it 4+ m, structure (K;, K,) has a unique equilibrium in the linear form.
_ n, % A + o/ 11, i1 K Solving the system of equations in (A5) leads to
- - 7 — Ly ey S/
mtmy m+m
o A=Ay = [n0mo(K, = 1)p +2) 1 = Ko/ pao)
K 1
—2B;— Y By=1+Y.C;, j=1,...K, [(my ((Ky = 1)p +2) + (K, + 1)m)
- o (ma(K, = 1)p+2) + (K. + 1))
K, 1 -1
_chj_ Z Csi:ZBli/ i=1,...,K,, —Ksz(n+vm1mzpu)2] ,
i=1, i#j i=1
x. % A=Ay = [77("11 (K;=Dp+2)+n—Ky/my m2p]2)]
—2D;— > Dy=-a+} Dy, j=1,....K. (A5 [y (K = 1)p+2) + (K, +1)m)
i=1, i i=1

Note that the system of equations is derived by applying the
results:

n
Elu|x;] = ——x,

n+m;

m
mxﬁ ift=t,
n+m

E[xt’j | x] =
M+ P/ MMMy . /
DTPN T if £t
n+m;

where i # j. Such results can be derived by using Ericson
(1969), Lemma 3 in Li (1985), the law of total variance, and
the law of total covariance.

Multiplying Equation (A3) by g;(x;;) and taking expecta-
tions, we obtain

K Kq
E[(g(x1)’] = —E[Zgz(xlj)gz(xli)+ng(x2,-)gz(x1i)}
=1 j=1
i=1,...,K. (A®6)

Multiplying Equation (A4) by g,(x,;) and taking expectations,
we obtain

K, K
E[(gs(xz]'))z] =-E [ng(le')gs(XZj) + Zgl(xh)gs(xzj)] ,

i=1 i=1

i=1,...,K. (A7)

5*

Summing Equations (A6) for i =1,...,K; and (A7) for

j=1,..., K, yields

[Z(gl(xh))z + Z(gs(XZJ)) :|

i=1
I s 2
:_E[Zgl(xlj)+zgs(x2j):| . (A8)
=1 =1

Since the left-hand side of Equation (A8) is nonnegative
and the right-hand side is nonpositive, the equality implies

RIGHTS L1 N Hig

- (my((Ks =1)p+2) + (K +1)n)

- K K(n+v mlmzplz)zr1 ,

_-A+K) -+ K)
i — 1+N s sj T 1+N s
K K,
Ci=—2_, C,= )
li 1+N sj 1+N
Dli:Dsjzl_ZN, fori=1,...,K and j=1,...,K..

Substituting these coefficients into the profit functions and
then taking expectation give II;;(K;, K;) in Equation (9) and
I1,;(K;, K,) in Equation (10). Setting K; =1 and K, =1 com-
pletes the proof of Proposition 2. Setting K; =2, K, =0 and
K; =0, K, =2 completes the proof of Proposition 3. [

PRrOOF OF PROPOSITION 4. Let w; = w, = w. The equilibrium
of the game is determined by comparing the profit functions
in the 2 x 2 matrix in Figure 2. The firms’ profit functions
1% and TI% are derived in Proposition 2, and 1% =TT} =
(a —w)*/9+n*(my +n)/(my (2 + p) +31)>.

In the following, we show that 115 — 1% > 0 when w, = w,,
which implies that at least one firm (say, firm B) will source
from S,.

(2my +m — /mym,p1,)* (my + M)

Is 11 2
Mo =18 = G, (s 1) — (/i)
_ m—ﬂ}
(my(2+ p) +31m)?
- 772- (2my +m — /mym,p)*(my + 1)
L (4(my +n)(my +n) — (n+ /m11,p15)%)?
_ m—ﬂ}
(my(2+ p) +37)*
_ z|: m+mn
B (2(my +m) +n+ /mymypy,)?
_ m—ﬂ}
(my(2+ p) +3m)?
>0,
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where the first inequality is because (1, +7)/(4(m;+n) -
(my+m)—y)* decreases in m, for y <4(m;+n)(m,+n), and
the second inequality is because (2(1m; +n1)+n+ /M 11,p15) —
(my(2+p) +3n) = /mymypy, —my p <0.

Next, we examine I1%5 — IT%. It can be shown

0?21, + M — /1M, p1)* (1 + 1)

Hls I8 =
4 AT (A0my + ) (my + M) — (0 + /1y 111,p12)2)>
_ 772(7772 +m)
(my(2+p) +31)*

The sign of T15 — TT% is determined by

(2my +n — /My 1) (my (2 + p) +3m)° Mt
(@&(my +m)(my +m) — (0 + /mmyprp)?)? my+n’
where 0 < m, < m;.

F(m,) =

It is straightforward to show F <0 for m, =0, F > 0 for
my, =my, and py, < /my/myp = p. Since F is a continuous
function of m,, by the intermediate value theorem, there
exists at least one m, € (0, m,) such that F(m,) =0. In fact we
can prove that such an m, is unique.

Let E=(2m,+n— /mym,p1,)(my(2+p)+3n)/ (4(my +m) -

(my+m) — (n+ /myiiyp)*). Then F(my) =E2 — (1, +m)/
(m;+mn). In the following, we show that given F(m,) >0 (ie.,

E>./(my+mn)/(m+mn)),F (m,) >0 holds. This implies that
as m, increases, once F(m,) becomes positive, it will stay
positive, so there is only one m, € (0,m,) satisfying F(m,)=0.
Note that

2—3\/my/mypy n 2+p

2my+m—/mymypy, - mMy(2+p)+37

_4(m1+n)_(77+\/mlmzplz)\/ml/mzplz}_ 1
4(my +m) (my+m) — (n+/my1myp1,)? my+n

We can write

4(my+m) — (n+/mymyp1p)y/my /mypy,
4(my+m)(my+m) — (n+/mymypq,)?

_ 2—((n+~/mymyp1p) [/ (my+1))/ 111 /M5p15/2
2(my+m) — ((n+/mymyprp) /(11 +m)) (N +/11115p1,) /2)

_ 2—xy/my/mypry/2
2(my+m) —x((n+ /1 1113p15) /2)

where x = (4 /mm,p;,)/(m; +m). By the condition m,p >
Jmym,py, (e, pp, < py/m,/m,), it can be shown that (2 —

x(1/2)y/my/myp1p)/ (2(my + M) — x((n + /mymypyp)/2)) in-
creases in x. Because (n+ /mymypy,)/(m; +n) <1, we have
(2= ((n+ mymypyp) /(M) + M) /11 /15015/2) / (2(m1y + 1) —
((m + mymypn)/(my+m)((n + V/mymypq;)/2)) < (2 —
VM /Myp15/2) [ (2(my + 1) — (0 + /mymypi,)/2)), which

implies
/ o 2—Vmi/myp1n/2 2+p
F'(m,) > 25
2my +m — /mymypyn - mMy(24p) +37
2—\/my/myprp/2 :| 1

B 2(my +m) — (0 + /mymypy,)/2) B m+n

Since (2 — \/my/myp12/2)/(2my + M — /myniyprp) = (2 —
VM /1myp1,/2)/2(my + M) — (M + Jmymypgp)) > (2 —

F'(m,) = 252[

RIGHTS L1 N Hig

Vi /mypip/2)/(2(my +m) — (0 + /myiyp1,)/2)) and E >
v (1my +m)/(my +m), we know F'(my) > 2((my +n)/(m; + 1)) -
[2+p)/(my(2+ p) +31) — 1/(2(m, + m))]. Then 2+ p) /(-
(2+p)+31n) > 1/(2(m, + n)) implies F'(m,) > 0. Up to now,
we have shown F'(m,) > 0 if F(m,) >0, which implies there
is only one m, € (0, m;) satisfying F(m,) =0. Then there is
a unique £ € (0, 1), such that 1T < IT% for m,/m; < € and
s > 115 for m,/m; > £. Thus, for m, > £émy, firm A will
source from S; and (S;, S,) is the equilibrium; for m, < ém,,
firm A will source from S; and (S;, S;) is the equilibrium; for
m, = Emy, both (S}, S,) and (S;, S,) are equilibria. O

PrOOF OF PrOPOSITION 5. The equilibrium of the game is
determined by comparing the profit functions in the 2 x 2
matrix in Figure 2. For (S}, 5;) to be an equilibrium, we need
Hg > Hf and HX > Hi{. Since HE = H;’ and Hg = HL", we
know HIBI > HE if and only if H’j‘ > Hff‘. Since

M =10 = g(a—w)* = §(a— 2w, +w)* — Ty

= Hw,—w)(a—w,) — Ty, (A9)

we know IT% > I1% if and only if a > w, + 2(I/(w, — w))) = T,.
Thus, (S5, S) is an equilibrium if a > T,.

For (S;, S,) to be an equilibrium, we need I1§ > 1! and
I1%s > 115. By Equation (A9), IT§ > I1% if and only if a < T,.
Since

1_[IAS _Hj: = %(a_zwl—’_ws)z_ %(a_ws)z_FA

= Hw,—w)(a—w)—T,, (A10)

we know IT5 > I15 if and only if a > w,+ 3(Ty/(w, — w))) = T;.
Thus (S, S,) is an equilibrium if T; <a < T,.

For (S,, S,) to be an equilibrium, we need IT§ < IT and
5 < TI%. Since IT§ = 115 and 115 =115, we know IT§ <13 if
and only if IT% < TI%. By Equation (A10), I15 > IT% if and only
if a<T,. Thus, (S;, S,) is an equilibrium if 2 < T;. Combining
the above three cases completes the proof. O

PROOF OF PROPOSITION 6. Since a > w, + 31/ (w, — w)) =
T,, the current equilibrium is (S, 5;). Suppose the value of w,
increases by 7. Then we use the superscript “7” to denote
the thresholds and expected profits after the cost increase,
eg., Ty =w,+ 7Ty/(w, — (w; + 7)). Next, we show that 7 > 1
implies a < Ty ; i.e.,

9 Ty

THW — W=y
s

(A11)

Note that 7 — (w, — w, — 3T/ (a — w,)) = ((a — w;)* — 9Tp) /> —
(a —w, — 3Tg/(a — w,)). We have (((a — w;)> —9Tp)*)? — (a —
w, = T/ (a — w,))* = (w, —w))(2a — w, — w) — {TF/(a—w,)* ~
30 = (w, — w;)(2a — 2w, + w, — w)) — %3/ (a —w,)? — 3T =
2(a — w,)(w, — wy) + (w, — w)* — 213 /(a — w,)* — 3T > 3T +
(3Tp/(a —w,))* — 8T3/(a — w,)* — T3 = 0, where the last
inequality is by a > T, = w, + %FB/(wS —w;). Thus, 7> w, —
w;—2(T/(a—w,)) and 7 > 7 imply 7 > w, —w, — 3T/ (a — w,).

It is straightforward to show that 7 < 7, implies a > T.
Thus, 7 < 7 < 7, implies T <a < T, and the new sourcing
equilibrium is (S;, S,). Without loss of generality, suppose
firm B switches from efficient sourcing to responsive sourcing.
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Then firm B’s expected profit changes by II;™ — I} = § (a —
2w, 4w+ 7)* — §(a— w)?* + Tp. 7 — I > 0 leads to 7> 7.
Firm A still sources from S;, and firm A’s expected profit
changes by

1
I — 11 = §(‘1 —2(w, + 1)+ w,)?

N2 (2my + m — /M1, p) (1 + )
(4(my +m)(my +m) — (N + /mymypq,)?)?

1 ) n*(my +n) )
‘(5(“‘“”) +<ml(2+p>+3n)2)’

%™ — 1 > 0 leads to 7 < 7,.

To summarize, if T <7 <min{7, 7,}, the sourcing equi-
librium will shift from (S, ;) to (S, S,) and both firms are
better off. O

ProoF of ProrosiTiON 7. (K;, K,) is an equilibrium sourc-
ing structure if and only if IT;(K;, K,) > II,(K; — 1, K, + 1)
and IT (K, K,) > IT;(K; + 1, K; — 1), where the first condition
guarantees the efficient sourcing firms will not deviate and
the second condition guarantees the responsive sourcing
firms will not deviate. It is straightforward to show that
IL(K;, K) = TI(K; — 1, K, + 1) is equivalent to a4 > Ty, and
I,(K;, Ky) > T (K, +1, K — 1) is equivalent to a < Ty ;. Thus,
(K;, K;) is an equilibrium if and only if Ty, <a < Ty .. Note
that when a =Ty , both Ty _; <a<Ty and Ty, <a <Ty,
hold; i.e,, both (K; —1, K, +1) and (K}, K;) are equilibria. O

Proor or ProrosITION 8. We can write A, as n/A,, where

As = [my((Ks=1)p+2) + n+ K, (20 + /mymypy)]
+ [(Kma (K, = 1)p +2) = Ky (K = 1)p +2)
— K.+ Km)(n+ /mymypy)]
m (K =1Dp+2)+n-K, mlmZplz]_l.

Then A, > 0 always holds, and dA/dp = m,(K; — 1) —
K,/ (my((K; —1)p +2) + n — K /mym,py,)?. A, increases in
p if and only if dA,/dp < 0, which is equivalent to

(my (K = 1)p +2) + 1 — Ki/mymypip)*my (K, — 1) < KT
Similarly, we can write A; as n/A;, where

Ay = [my (K = 1)p +2) + 1+ K 2n + Vmymapy)
+ [(=Kymy (K, = 1)p +2) + Kmy (K, — 1)p 4-2)
+Km = Km) (n+ y/mymypyy)]
[my((K, —1)p+2) +n—K, mlmZplz]_l.

Then A; > 0 always holds, and dA;/dp = m (K, — 1) +
K,/ (my((Ky — 1)p +2) +m — K,/m mi,p1,)?. A, increases in
p if and only if dA;/dp <0, which is equivalent to (m, -
(K, = 1)p+2) +1— Ko/minpro)2my (K — 1) < —K,T. O

To prove Proposition 9, we first present Lemma 1. Define
W = my (myp — /my1,p12) (2 = p) + (1 — my) (2= p) + myp —
Vi prg].

LemMA 1. Consider the sourcing game with N > 2 firms. Let
H;(K,, K;) and I;(K,, K;) be the cfficiency and information terms
in IL;(K;, K,) (j=s, 1), respectively.

(i) Both Hy(K;, K;) and H,(K;, K;) increase in K.

RIGHTS L1 N Hig

(ii) If p1p <+/my/myp, then there exists a threshold N such
that I(K;, K,) always decreases in K, for N < N and I(K;, K;) first
decreases and then increases in K, for N > N. If pry =/my/myp,
then I(K;, K) always decreases in K.

(iii) If W <0, then there exists a threshold N such that L(K;, Ky)
always decreases in K, for N < N, and I,(K;, K,) first decreases
and then increases in K, for N > N.If ¥ >0, then there exists a
threshold N such that I;(K;, K,) always increases in K for N <N
and I,(K,, K) first decreases and then increases in K, for N > N.

Proor oF LEMMA 1. The profit functions can be written as

(K, K) = H (K, K) + (K, K),
Hs(Klr Ks) = Hs(Klr Ks) + Is(Klr Ks)/

where

a+szs_(Ks+1)wl :
N+1 ’

L(K;, K)) = Af(m; + ),
a+Kw, — (K +Dw, \?
N+1 !

IS(KI/ Ks) = Ag(mZ + T])

ik, K) =

HS(KI/ Ks) =

(i) The proof is straightforward.

(if) The sensitivity analysis of I;(K;, K) and I (K, K,)
with respect to K; is equivalent to that of A; and A,. By
observation, the numerator of A, strictly decreases in K,. Let
the denominator of A, be @. It can be shown that d®/dK,
decreases in K, and (d®/dK;)|x _n/ > 0. Thus O increases in
K, for K; < N/2. Combining the analysis for the numerator
and denominator of A;, we know that A; strictly decreases
in K, for K, <N/2.

To further understand the sensitivity of A, with respect
to K,, we take derivative of A, and find that the sign of
dA,/dK, is determined by W, = C,;K? 4+ C,K, + C,;, where

Cq = —(myp— mpu)[n(mlp +myp — ZMPH)
+mymy(p* — ph)] <0,

Cyp = 20 (myp +myp — 2/ mymypy,) + 277[9(2”1% +2mymy)
— 4y /iy + (N = 1) (myp — /mymypy,)?
+N(myp - \/Mplz)(mzp - \/Mpu)]
+2(p* - P%z)mlmz[ml 2+(N-1)p)—N mlmzplz]/

and Cg; is a long expression of N. Thus, W, is a concave
function of K,. The above analysis implies W, < 0 for K; < N/2.
Based on the expression of W,, W, is maximized at K, =
—Cy/(2Cq) > 0. It can be shown that (dW,/dK,)|x _y > 0; i.e,
K, > N. Thus, W, increases in K; for K, < N. Now we analyze
W, at K, =N. Wlg _n = (m(2 = p) + M[((2 — p)m, +m) -
(Vmymypyp — pmy) —2n(1 = p)(my —my)] + N(my (2 — p) + 1) -
(myp — /mymyp1,)(/mMimypy, + 1), where the coefficient of
N is nonnegative and the constant term is negative.

For myp > \/imyiipyy, if N > [(2 — p)m, + 1)(myp —
Vmmypry) + 20(1 — p)(my — my)]/((myp — /mymypyy)-
(Vmymypip + 1) =N, Wlg _y >0, which implies W; is first
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negative and then positive. That is, A, first decreases and
then increases in K. If N <N, W,| k=~ <0, which implies
W, <0 for K; < N; that is, A, always decreases in K.

For myp = /mym,pyy, Wylg —n <0; ie., A, always decreases
in K.

(iii) We take derivative of A; with respect to K, and find
that the sign of dA,/dK is determined by W, = C;; K2+ C,,K,+
Cpz, where Cyy = (p* — pi,)mymy (mpp — /myttiypiy) + n(myp —
Myt py) (myp — /mytmgpyy + myp — /myiippy;) > 0 with the
equality holds when m,p = /m m,p;,,

Cp = 2(my(2 = p) + m) [mymy(p* — p,)
+n(myp —/mymypy, +moyp — /mimyp1)] >0, and
Ci = —N(my(2— p) +m)[(m1p — Vimymapy)n
+/mymapry(myp — /mymapi)] + (my (2 — p) + ) W

Thus, W, is a convex function of K, and increases in K; for
K, >0.

If N <W/((myp—/mymyprp) 0+ /My prp(myp —/myms, -
p12))=N, then C;3>0, which implies W; >0 for all K. That
is, A; always increases in K.

If N> N, C3 <0. That is, Wj|x _o < 0. Then we exam-
ine W, at K;=N. We have W[y _y = = Cy1N? + CyoN + Cps,

where Cy; = (p* — P12)m1m2(mzp Vmym,ypry) + ﬁ(mzp -
Ny p1o) (Mg p — /My My prp + 111, — /11y p15) > 0 with equal-
ity holds when m,p = /mm,p,,

Crno=(my(2—p)+m)
: [ml iy (p* — P%z) +myp(myp— Mﬂlz)
+n(myp—/mymypiy+2(myp—
Cna=(my(2—p)+m) V.

mym,py,))] >0, and

Thus, Wil _y is a convex function of N and increases in N
for N >0.

By observation, N and Cy; have the same sign that is
determined by V.

If ¥ <0 (ie., Cy3, N <0), then N > N always holds; i.e.,
Wilk,—o <0 holds. Let N denote the root of Wilg.—n =0 when
Cy1 =0 and the larger root of W|¢ _y =0 when CN1 >0,
then W[x _y <0 for N <N and Wilk.—n >0 for N > N, which
implies A; always decreases in K; for N < N and A, first
decreases and then increases in K, for N > N.

If ¥ >0 (ie, Cys, N >0), then W[y _y > 0. For N <N, 4,
always increases in K. For N > N, W k=0 <0, and thus A,
first decreases and then increases in K,. [

PrOOF OF PROPOSITION 9. According to Lemma 1, all
efficiency terms H,; and H, increase in K;. In addition, for
p1y </, p, if we take N’ =max[N, N], then for N > N,
all information terms I; and I increase in K| for K, greater
than a threshold, say K]. Together we know that all firms’
profits increase in K for N > N’ and K; > K!. This implies
that backshoring by any firm will benefit all other firms in
the market if N > N" and K; > K. O

Appendix B. Proof of p;, <./m,/m;p
In this appendix, we show that in the special case described
in §3, the correlation coefficient p;, for cross-time signal

RIGHTS L1 N Hig

noises satisfies p;, < ./m,/m;p, where p is the correlation
coefficient for the signal noises at the same time.

First, we consider the correlation when both firms
source from S; (the case when both firms source from S,
is similar). Suppose firm A’s agency obtains a sample
set Giy = {gi., €24, ---, 814} € G;. Then firm A’s signal
x4 is the agency’s best estimate of u that maximizes
the likelihood function based on the 1, samples: x;4 =
(1/n) X2, ¢ 4. Suppose firm B’s agency receives a sample
set Gip = (g1, %5, -+, S12) € G;. Then firm B’s signal is
x5 = (1/n;) 311, ¢ip, the best estimate of u based on Gjjp. It
is clear that the variance of the signal noise is m; = 6,/n;,
where 8, is the variance of the sample noises in G;. Assume
that there are { common samples in G4 and G, - Then we
have mp = Cov[x,4 — u, x5 — u] = Cov[(1/n,) i =1, gia—1u,
(1/”1) ik 81p — ul=Cov[(1/m) XL &1, (1/ny) XL, €15] =
£8,/n% = ({/ny)m;. So the coefficient of correlation between
the noises in the firms’ signals is given by

{

p= e (B1)
Next, we consider the correlation when firm A sources
from S; and firm B sources from S;. Again suppose firm
A’s agency gets a signal x;4, = (1/n;) Y11, ¢!, based on Gy,
and firm B’s agency gets a signal x,; based on the sample
set Gop = {81y, §ips -/ gfz/w g%B/ 835, -+, &y}, Where g1, are
the samples from G,z and g}, are the samples from G,
(n' <ny, n" <n, and n'+n" =m,). Then x,p = (X1, gip)/81 +
(Z?;l 25)/8,)/ (' /8, + 1" /§,) is the best estimate of u based
on these n' + n” samples in G,3, and the variance of the

signal noise is .
= n /8, +n"/8,
Assume that there are {’ common samples in G,4 and Gy;.
There must be {’ < { since the common samples can only
come from G,p, where there are at most { common samples

with G, 4. It can be shown that

(B2)

Cov[xy 4 —u, x5 — 1]

=COV|: %glA (Z?;lgiB/)/Sl+(Z£13£3)/62 —u:|

u,

ny i3 n' /6, +n"/8,
U (D ely) /8 (2 £5) /6,
—C =1 2109 i=1%28
0V|: ny 121:81A n' /8 +n"/8,

_ {'6,/8, _ 4
ny(n' /8 4+n"/8,)  ny(n' /8 +n"/8,)

That is,

é’/
ny (/8 +n"/8,)
Given {’ < ¢, Equations (B1)—~(B3) lead to py,v/1;1m, < myp.
Finally, note that the equality holds when {'={; i.e., firm B
uses all the common samples if it would collect at time 1
only. O

(B3)

Pray MMy =
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