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We consider the problem of sharing retailer’s demand information in a supply chain with two competing
manufacturers selling substitutable products through a common retailer. We examine several scenarios with
either the retailer or the manufacturers as leaders in offering information (sharing) contracts. We show
that a larger production diseconomy or higher competition intensity induces more information sharing.
The retailer may benefit from a larger production diseconomy, which is not possible without information
contracting. Information contracting always benefits the retailer, and the benefit is larger when she offers
contracts sequentially rather than simultaneously to the manufacturers. Information contracting benefits the
manufacturers only when they offer the contracts and production diseconomy is large. When either demand
uncertainty or production diseconomy is large, the retailer invests more in improving information accuracy.

When competition is more intense, she invests more except under some conditions that we fully characterize.

1. Introduction

With the advance of information technology, retailers routinely and efficiently acquire rich market
data to obtain information about product demand. Many large retailers have started sharing such
information with their suppliers to improve collaboration. One example is the ConsumerInsight for
Wal-Mart program offered by SymphonyIRI, a company specialized in market intelligence services.
Under this program, Wal-Mart and its selected suppliers have access to the same set of consumer
and category information based on the market data collected by the retailer. Similarly, Costco and

7-Eleven offer data-sharing programs to some of their suppliers through SymphonyIRI. Under the
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CRX data sharing program, Costco maintains a centralized POS (point-of-sale) data base, which
covers several food and consumer packaged goods categories, for all its stores. A supplier who wants
to participate in the program needs to be first approved by Costco. An approved supplier can then
get access to selected data (such as the total sales of a product category) by paying an annual
subscription fee!.

It is well known that information sharing can improve supply chain efficiency. However, firms
do not always have incentive to share information with their partners because of the concern
that these partners may abuse the information and use it for their own benefits, for instance, in
price negotiations. For fee-based data sharing programs, firms may not want to participate if the
fee is too high. What is the incentive for manufacturers to participate in data sharing programs
offered by a dominant retailer? How does that incentive depend on the competition between the
manufacturers? What about the case when the manufacturers instead of the retailer offer contracts
for information sharing? How do information (sharing) contracts affect a retailer’s investment in
improving information accuracy? We hope to shed light on these questions.

We consider the problem of sharing retailer’s demand information in a supply chain with two
competing manufacturers selling substitutable products through a common retailer. The manu-
facturers face production diseconomy, i.e., the marginal cost is increasing in production quantity.
Before observing a private demand signal, the retailer contracts with the manufacturers on sharing
this information. We formulate a multistage game to study the firms’ information sharing, whole-
sale price and retail price decisions. We consider three different versions of the multistage game
to study the effect of information contracting leadership. In Model RSC (Retailer Stackelberg with
concurrent offers), the retailer makes concurrent and identical offers of selling information for a
fixed payment to the manufacturers. In Model RSS (Retailer Stackelberg with sequential offers),
the retailer makes sequential offers of selling information for a fixed payment to the first manufac-

turer, then to the second manufacturer after the first manufacturer’s decision of whether accepting

! For the details of the data sharing programs offered through SymphonyIRI, see http: //www.symphonyiri.com.
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the offer becomes public information. In Model MS (Manufacturer Stackelberg), the manufacturers
simultaneously offer fixed payments for buying information from the retailer.

Models RSC and RSS are motivated by the data sharing programs offered by retailers to man-
ufacturers, where a manufacturer typically has to pay a fixed fee for participation?. Model RSS
corresponds to the case when a retailer can adopt an approval process to offer the program sequen-
tially to different manufacturers (as in the CRX example) and whether a manufacturer participates
in the program is publicly known (e.g., through industry channels or public media). Model RSC
corresponds to the case when a retailer cannot offer the program sequentially or whether a man-
ufacturer participates in the program is not publicly known. Model MS serves a benchmark to
investigate the impact of contracting leadership when the manufacturers are the leaders in infor-
mation contracting. We solve these information contracting models to obtain the following insights.

1. Without information contracting, the retailer does not have incentive to share information.
With information contracting, a larger production diseconomy or higher competition intensity
induces more information sharing. This is because (a) information sharing lowers production cost
by reducing the variability of the production quantity, and the cost saving becomes more significant
when production diseconomy is larger; (b) information sharing makes the double marginalization
effect of linear wholesale price more damaging, but more intense competition between the manu-
facturers may suppress the double marginalization effect.

2. Without information contracting, a larger production diseconomy increases production costs
and softens manufacturers’ competition in their wholesale prices. Because both effects hurt the
retailer, she is always worse off. With information contracting, however, a larger production dis-
economy makes information sharing more valuable. Because of this and the competition between
the manufacturers, the retailer can benefit by either selling information to more manufacturers or

charging a higher payment for the information.

2 We assume that a retailer offers the program either on her own or through a third-party service provider who takes
an insignificant portion of the fixed fee for the service.
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3. Information contracting benefits the retailer because she can refuse to sell information other-
wise. Information contracting benefits the manufacturers only when they are the leaders in offering
the contracts and production diseconomy is large. Although partial information sharing (i.e., the
retailer sells information to only one manufacturer) does not maximize supply chain profit, it may
occur in equilibrium when production diseconomy takes some intermediate values. In these cases,
the manufacturers are willing to pay more to be the only informed manufacturer who then has
a competitive advantage over the other manufacturer. Partial information sharing may allow the
retailer to extract more profit from the manufacturers, sometimes at the expense of the overall
supply chain efficiency.

4. With information contracting, the retailer prefers to be the leader and to offer the contracts
sequentially because this allows her to extract more profit from the manufacturers. When produc-
tion diseconomy is not large, the manufacturers prefer to have the retailer as the leader offering
contracts concurrently. When production diseconomy is large and both manufacturers buy informa-
tion in equilibrium, they prefer to be the leaders in offering information contracts. In this case, each
manufacturer only needs to pay the retailer for her incremental loss due to disclosing information
and they can keep the remaining surplus.

5. When the retailer can invest in improving information accuracy, she will invest more if either
demand uncertainty or production diseconomy is large. If competition becomes more intense, she
will invest more except when (a) the manufacturers are the leaders in information contracting, (b)
full information sharing is the equilibrium?® and (c) production diseconomy is small.

For each of the three information contracting models (i.e., RSC, RSS and MS), we repeat our
analysis by assuming that wholesale prices and retail prices are determined simultaneously under
Vertical Nash (Jeuland and Shugan 1983, Choi 1991). This is the case when the manufacturers
and the retailer have similar power in determining wholesale prices. All the main insights listed

above (that are based on the assumption of manufacturers’ leadership in offering wholesale prices)

3 In our model, the equilibrium information sharing decision (i.e., the number of manufacturers who buy information
from the retailer) does not depend on information accuracy though the firms’ profits do.
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remain valid for the case of Vertical Nash. The only exception is that for Model RSS and Model
MS, when competition intensity is low and production diseconomy takes some intermediate values,
an increase in competition intensity can induce less information sharing?.

This paper is most related to the literature on incentive for vertical information sharing under
different supply chain structures. Most of the papers in the literature consider information sharing
in a supply chain with one manufacturer selling to several competing retailers. The focus of this
stream of work is on the incentive for the retailers to share demand information with the manufac-
turer (Li 2002, Li and Zhang 2002, Zhang 2002) and how that incentive depends on confidentiality
(Li and Zhang 2008) and the product buy-sell contracts (Shin and Tunca 2010, Tang and Girotra
2010). Several papers consider information sharing in a one-to-one supply chain and investigate
issues such as signaling unverifiable information (Cachon and Lariviere 2001), dual distribution
channels (Yue and Liu 2006) and bilateral information sharing (Mishra et al. 2009). Ha and Tong
(2008) and Ha et al. (2011) study information sharing in two competing supply chains. Zhang
(2006) examines the issue of sharing inventory information among suppliers who produce different
components for a manufacturer in a two-echelon assembly system. Ozer et al. (2011) consider the
role of trust in information sharing between a supplier and a manufacturer. Zhao et al. (2011) study
the issue of information sharing in outsourcing. To the best of our knowledge, our paper is the first
that considers information sharing in a supply chain with competing manufacturers selling through
a common retailer. Such a supply chain structure leads to a richer set of information contracting
issues that have not been explored in the literature.

Although both Ha et al. (2011) and this paper examine the impact of production diseconomy
on information sharing, most of the results are quite different because of the different supply chain
structures considered. For example, Ha et al. (2011) show that when two supply chains compete

at the retailer level and the manufacturers are leaders in information contracting, more intense

4 For the case of Vertical Nash, it remains true that more intense competition induces more information sharing when
at least one of the two conditions does not hold.
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competition induces less information sharing and the retailers cannot benefit from a larger pro-
duction diseconomy. In this paper, we show that more intense competition at the manufacturer
level induces more information sharing and the common retailer may benefit from a larger pro-
duction diseconomy. The two papers also differ in their focus. Ha et al. (2011) mainly consider the
drivers of the incentive for information sharing while the issue of information contracting between
a manufacturer and a retailer is relatively straightforward. In this paper, with a common retailer
contracting on information sharing with two competing manufacturers, we show that the informa-
tion contracting decisions depend strongly on leadership (who offers the contract) and contracting
sequence (concurrent versus sequential offers).

In economics, there is a related literature on information sharing in an oligopoly. See, for example,
Vives (1984), Gal-Or (1985) and Li (1985). This body of research focuses on the incentive for a
firm to share information with its competitors in an oligopoly and it does not consider interaction
between firms in a vertical chain.

Our paper is also related to the literature on supply chain coordination and competition when
there are multiple manufacturers selling through a common retailer. Choi (1991) and Lee and
Staelin (1997) consider channel competition under linear wholesale price contracts. More recently,
Cachon and Kok (2010) study the impact of other contract forms (quantity discount and two-
part pricing) on channel competition and coordination. See Cachon and K&k (2010) for a detailed
discussion of this literature. None of the papers in this literature considers the issue of information

sharing, which is the focus of this paper.

2. The Basic Model

Consider a supply chain with two identical manufacturers (indexed by 1 or 2) selling substitutable

products through a common retailer. The demand function of product i is given by:

1 ol
i = 9—71‘ — Py,
g =a+ 177p+177p]

where p; is the retail price of product i, v € (0,1) is a parameter for competition intensity (larger

v means more intense competition), and the random variable 6, with zero mean and variance o2,
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represents demand uncertainty.

The retailer has a constant marginal retailing cost, which is normalized to zero. Production
exhibits diseconomy, i.e., marginal production cost is increasing in volume, due to limited capacity
or input. The production cost® incurred by manufacturer i for producing ¢ units of product ¢ is
given by cq?, where a larger ¢ corresponds to a greater production diseconomy. See Ha et al. (2011)
for examples of production diseconomy in practice and justification of the quadratic production
cost function. The cost structure is common knowledge.

The retailer has access to a demand signal Y, which is an unbiased estimator of §. We assume
a linear-expectation information structure: the expectation of 6 conditional on signal Y is a linear
function of the signal. This information structure includes well-known conjugate pairs like normal-
normal, beta-binomial, and gamma-Poisson. Define the signal accuracy as t = 1/E[Var[Y|6]]. It
can be shown (Ericson 1969) that E[0|Y] is a weighted average of the prior mean E[f] and the
signal Y :

1 to?

= WE[9]+ 1+t02Y:5(t,0’)Y,

E[0]Y]

where F[f] =0 as assumed earlier and ((t,0) =to?/(1+to?) is the weight for the signal Y. Note
that 5(t,0) is larger when the signal becomes more accurate (larger t). The information structure
is common knowledge. For more details of the linear-expectation information structure, refer to
Vives (1999, §2.7.2).

We consider three multistage games, labelled as Model RSC (Retailer Stackelberg with concurrent
offers), Model RSS (Retailer Stackelberg with sequential offers) and Model MS (Manufacturer
Stackelberg), with different assumptions on how the firms contract on information sharing. The
sequence of events for any of these models is given below.

1. Before the retailer observes any demand signal, the retailer and the manufacturers contract
on information sharing. In Model RSC, the retailer makes concurrent and identical offers to the
manufacturers by charging each a side payment 1" for the information. In Model RSS, the retailer

5 A more general production cost function is bg + cg®. We can normalize b to zero by redefining ¢’ = a — b as the
demand intercept in the linear demand function and all the main results will remain valid.
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makes sequential offers by charging the first manufacturer a fixed payment 7’ for the information,
then charging the second manufacturer a payment 7s. In Model MS, the manufacturers simulta-
neously offer side payments 77 and T, (where T; is from manufacturer i) for buying information
from the retailer.

2. The retailer observes a demand signal Y and truthfully discloses it to a manufacturer if an
information sharing contract has been signed in the previous stage. A manufacturer who receives
the demand signal is said to be informed. Otherwise he is said to be uninformed. Let X; =S
if manufacturer ¢ is informed (i.e., retailer shares information with him) and X; = N if he is
uninformed. Let n be the number of informed manufacturers, where n =0, 1, or 2.

3. Each manufacturer 7 determines his wholesale price w;, and then the retailer determines retail
prices p; and ps.

4. Market demands ¢; and ¢, realize, each manufacturer ¢ supplies ¢; to the retailer and finally
firms receive their payoffs®.

The three models differ only in the information contracting stage (first event in the sequence),
after which they are identical. In Section 4, we will provide more details about how the firms make
information contracting decisions under each model.

In our models, information sharing contracts are long-term while wholesale prices are short-term
decisions. This is because if firms agree to share information, they have to set up systems for infor-
mation transmission. After that, they may engage in product buy-sell contracting over multiple
product generations. Therefore the manufacturers and the retailer do not negotiate information
sharing contracts and wholesale price contracts simultaneously. The demand signal can be inter-
preted as information about a product’s potential demand that can be derived from either past
sales data of similar products or consumer data collected by the retailer. The firms use such infor-
mation, if available, to determine the wholesale and retail prices of the product. For each model,

we solve it backward by first solving for the equilibrium wholesale and retail prices, and based

6 We can show that, when ¢ and c are small relative to a, it is optimal for manufacturer i, with a probability very
close to one, to fully meet the retailer’s order.
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on these, compute the ex-ante profits of the firms under different information sharing agreements.
The ex-ante profits are then used to solve for the equilibrium information contracting decisions in

the first stage.

3. Wholesale and Retail Price Decisions

In this section, we solve for the equilibrium wholesale and retail pricing decisions for any given set
of information sharing decisions (X7, X5). The analysis here is the same for all the three contracting
models. This is because these models differ only in how information contracting decisions are
made. If the firms have committed on the same set of information sharing decisions, the side
payments (that may differ under different models) won’t have any impact on their subsequent
pricing decisions.

3.1. Equilibrium Analysis

Suppose a set of information sharing decisions (X, X3) is given. Knowing the wholesale prices w;
and wy as well as the demand signal Y, the retailer chooses p; and ps to maximize her expected

profit

1 1
(p1 —wn) (G+E[9|Y] - p1+ 1 Pz) + (p2 — wo) <a+E[9|Y] - P2+ 1 P1> ;
1—~ 1—v v v

where E[0|Y] = p(t,0)Y. The retailer’s best-response retail price is

Di(w;, w;) = % (a+pB(t,0)Y +w;),

and the resulting sales is

gi(w;,wj) = % <a + 5(t,0)Y — 1_1Wwi + 1jfywj) +(0—-pB(t,0)Y).

Next, we consider how the manufacturers simultaneously determine their wholesale prices in
anticipation of the retailer’s response. We first derive manufacturer 7’s best-response wholesale price
to manufacturer j’s wholesale price w;(Y) (w; is a function of Y if manufacturer j is informed).
For convenience, we will simply write w;(Y) as w; in the subsequent analysis. If manufacturer i is

informed, he seeks to maximize his expected profit

w; B[q; (wi, w;)|Y] = cElq; (wi, w;)[Y],



Shang, Ha and Tong: Information Sharing in a Supply Chain with a Common Retailer

10

by choosing the best-response wholesale price

(I=7)(c+1-=7)(a+B({t0)Y)+7v(c+1—-7)w,
c+2—2y )

w; (w;) =
If manufacturer i is uninformed, his expected profit equals
w; Eg; (wi, w;)] — cBg; (wi, w;)],
and his best-response wholesale price is given by
Q-9 (ct+l-—y)aty(c+1—7)Ew,]

i(w;) = c+2—2y ’

An equilibrium (wj,w;,p;,ps) can be found by solving w} = w;(w?

¥) and p; = pi(w;,w;). Let w

and p be the deterministic solutions when o =0, where w = (c+ 1 —7)a/(c+2—+) and p =

(2¢+3—-27)a/]2(c+2—7)].

LEMMA 1. Given n, the number of informed manufacturers, there exists a unique equiltbrium

such that
. Juw+a,(n)Y ifn=0 or2,
Vi T w45 ()Y ifn=1,
. [ Pp+o,(n)Y ifn=0or2,
Pi = proyi()Y ifn=1,
where
_ _ _(A=)(c+1-7) _(e+1—9)
Oéw(O) - ag(l)—o,ai(l)— (C+2—2’y) B(taa)?aw(2)_ (C+2—’y)ﬁ(t’g),
_ _B(taa) _ oA (1_7)2 B(taa) _ _ 1 B(tvo-)
0 = 0} () =287 ) = 2y - LTI 1| 0

The above lemma shows that, in equilibrium, the retailer and an informed manufacturer adjust,
respectively, the retail prices and the wholesale price in response to the demand signal by following
a linear strategy. Let the variance of the production quantity ¢; be denoted by V,(n) for n=0 or

2, and by V.Xi(1) for n=1.

LEMMA 2.
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(a) 0u(0) = ay/ (1) <ag(l) < aw(2).
(b) ap(0) =’ (1) < aj(1) < ay(2).
(c) V(1) <V4(2) <Vy(0) <V¥(1).

(d) af(1),00,(2),05 (1) and o,(2) are increasing in c, t and o, but decreasing in 7. a,(0) and

oY (1) are increasing in t and o.

In part (a), an uninformed manufacturer’s wholesale price obviously does not respond to the
demand signal. Because wholesale prices are strategic complements, an informed manufacturer’s
wholesale price responds more strongly to the demand signal when the other manufacturer is also
informed and adjusts his wholesale price in response to the demand signal. When a manufacturer
adjusts his wholesale price, the retailer will adjust the price of his product in the same direction.
Therefore a more responsive wholesale price induces the retail price to be more responsive too.
Thus part (b) follows from part (a). For part (c), suppose n changes from 0 to 1 and manufacturer
j becomes informed. From (b), p; becomes more responsive to Y while the responsiveness of p;
remains unchanged. From the demand function, because 6 and Y are positively correlated, g;
becomes more variable while ¢; becomes less variable. This explains the ordering of V,*(1) < V4(0) <
V:]N (1). Now suppose n changes from 0 to 2. Both retail prices p; and p; become more responsive
and from the demand function, because p; has a larger impact than p; does on ¢;, and 6 and Y
are positively correlated, the net effect is that ¢; becomes less variable. This explains the ordering
V,(2) < V,(0). Finally, suppose n changes from 2 to 1 and only manufacturer 7 remains informed.
This makes w; non-responsive while w; less responsive, which in turn makes both p; and p; less
responsive. A less responsive p; makes ¢; more variable while a less responsive p; has the opposite
effect. It turns out that the impact of a less responsive p, is more significant, and the net effect
is that g; becomes less variable. Therefore V,%(1) < V,(2). For part (d), it is intuitive that a firm
responds more strongly to the signal when it is more accurate. When production diseconomy is
larger, the effect of order variability on production cost becomes more significant and therefore

an informed manufacturer makes his wholesale price more responsive, which in turn induces the



Shang, Ha and Tong: Information Sharing in a Supply Chain with a Common Retailer

12

retail price more responsive, to dampen order variability. When competition is more intense, sales
is more sensitive to wholesale prices and therefore an informed manufacturer responds less strongly
to the demand signal.

3.2. Firms’ Ex-Ante Profits

Based on the equilibrium pricing decisions, for a given n, we take expectations with respect to the
demand signal Y to obtain the firms’ ex-ante profits before the demand signal is observed. Let
manufacturer 7’s profit be denoted by my,(n) when n=0 or 2, and by 7/ (1) when n=1. Let the

retailer’s profit be denoted by mz(n).

7T]\4(0> = ﬁ]y] — W — C[l — B(t,a)]a2,
N - C c+1-— g ’ 2 2
(1) = ™y [1—1— <c+2—2’y> ’y} B(t,o)o* —c[l - B(t,0)]o",
_ = (1—9)? 21 2
mar(1) = T + mﬂ(taa)a c[l =Bt o),
Ta1(2) = Tar + Mﬁa, 0)o? — c[1 - B(t,0)]o%,
Tr(0) = Tr + ﬂ(t,;)a ;

1-9) 1 B(to)e?
(c+2—2v)? 4
B(t,o)o?
2(c+2—7)%’

Tr(1) = Tr+ |1+ +

7TR(2) = ﬁR +

where Ty = (c+2—27)a2/[4(c+2—~)°] and Tp = a2/[2 (c+2 —~)?] are the profits in the deter-
ministic model. Note that 5(t,0) =0 when ¢t =0 (demand signal has no information) and £(t¢,0)
approaches to one when ¢ approaches infinity (demand signal becomes perfect). We may interpret
B(t,o) as the fraction of demand uncertainty predictable by the demand signal. For the retailer or
an informed manufacturer, the second term of the profit function is positive because the firm can
adjust either the retailer price or the wholesale price in response to the demand signal. As a result,
the firm benefits from the predictable demand uncertainty. For an uninformed manufacturer, with-
out the ability of adjusting his wholesale price, the second term is negative because he is hurt by the
order variability caused by the predictable demand uncertainty. After the retailer has determined

the retail prices, additional order variability will be caused by the residual demand uncertainty



Shang, Ha and Tong: Information Sharing in a Supply Chain with a Common Retailer

13

that cannot be predicted by the demand signal. This explains the last term in a manufacturer’s
profit function, ¢[1 — B(t,0)]o?, which accounts for the resulting higher production cost.
3.3. Effect of Information Sharing
LEMMA 3.
(a) mpr(2) > 75, (1) > (0) > 7w (1).
(b) mr(0) >mr(1) > TR(2).

(C) 7TR(1) — 7TR<2) > WR(O) - 7TR(1).
The following result follows immediately from the above lemma.

PROPOSITION 1. Information sharing benefits a manufacturer but hurts the retailer. It benefits
the other manufacturer if he is informed and hurts him otherwise. Without information contracting

(i.e., no side payment), the retailer will not share information with the manufacturers.

Refer to Lemma 2, which compares the responsiveness of wholesale price and order variability
under different information sharing agreements. When a manufacturer’s wholesale price becomes
more responsive to the demand signal, its double marginalization effect becomes more severe’.
When the retailer discloses information to manufacturer ¢, (i) double marginalization of w; becomes
more severe, (ii) double marginalization of w; becomes more severe if manufacturer j is informed
and remains the same if he is uninformed, (iii) order variability faced by manufacturer i becomes
smaller, and (iv) order variability faced by manufacturer j becomes larger. Because more severe

double marginalization hurts the retailer but benefits a manufacturer, and smaller order variability

benefits a manufacturer, the results follow®.

4. Information Contracting Decisions
In this section, we consider the equilibrium contract payment and information sharing decisions
made by the firms (refer to the first event of the sequence of events presented in Section 2). For

" The average wholesale price remains the same under different information sharing agreements. When the wholesale
price is more responsive, it becomes higher when the signal is high and lower when it is low. On average, this allows
the manufacturer to capture a larger share of the total profit but also has a more damaging effect in distorting retail
decisions.

8 For an informed manufacturer j, he benefits because the positive double marginalization effect dominates the
negative order variability effect.
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each of the three information contracting models, we will provide more details on how the firms
engage in contracting and how they make decisions in anticipation of the ex-ante profits (given in
Section 3) they will receive in the subsequent stages of the model. To facilitate our analysis, we

define

Viyar = [m3(1) + 7r(1)] — [m2:(0) + 72(0)], and

Vieear = [mr(2) + 7r(2)] = [ (1) + 7r(1)]

as the value of information sharing to the retailer and a manufacturer if the other manufacturer

is, respectively, uninformed and informed.

LEMMA 4. There exist 0 <! < <! <v/2—1 such that:
(a) VA >0 iff c>c.
(b) Vi >0 iff >l
(c) mr(2) + 271 (2) > mr(0) + 274 (0) iff ¢ > 5.
(d) ¢ c' and ' are decreasing in 7.
4.1. Model RSC: Retailer Stackelberg with Concurrent Offers
In this model, the retailer is the Stackelberg leader who makes concurrent and identical offers to
the manufacturers by charging each a side payment 7" for the information. The manufacturers then
simultaneously decide whether to accept the offers. We solve Model RSC backward by solving the
manufacturer game for a given payment 7. Denote a manufacturer’s decision by X; =S if he agrees
to pay the retailer for sharing information and X; = N otherwise. Based on the ex-ante profits in
Section 3 and the side payment T', we construct the payoff matrix of the manufacturer game and
then solve for the equilibrium of the game, (X7, X;), as a function of 7. When there are multiple
equilibria, we can show that a Pareto-optimal equilibrium always exists and we assume that it is
the outcome of the manufacturer game. We can then compute the retailer’s profit in the equilibrium
induced by T, and hence solve the retailer’s problem of finding T that maximizes her profit. Let

nf¥¢ be the optimal number of informed manufacturers that maximizes the retailer’s profit and
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TTSC be the corresponding optimal payment charged by the retailer. The following proposition

RSC

shows that n also maximizes the total profit of the firms.

PROPOSITION 2.
(a) If 0 <c<c®, nf5C¢ =0.
(b) If ¢® < ¢, n59 =2 with TR = 13,(2) — 7 (0).
(c) n®5C mazimizes the total profit of the three firms.
4.2. Model RSS: Retailer Stackelberg with Sequential Offers
In this model, the retailer is the Stackelberg leader who makes sequential offers to the manufacturers
for selling information. First, the retailer randomly picks one of the two manufacturers and offers
to charge him a payment T for the information. Next, the first manufacturer decides whether
to accept the offer. Let X; =S if the first manufacturer agrees to accept the offer and X; =N
otherwise. Then the retailer makes an offer to the second manufacturer, who has observed X, by
charging another payment 7, for the information. Finally, the second manufacturer decides whether
to accept the offer.

Here we assume that the retailer cannot credibly commit on charging the second manufacturer
the same payment T, which is reasonable because the retailer gives these offers at different times.
However, as shown in Proposition 3 below, when it is optimal for the retailer to sell information
to both manufacturers, she charges them the same payments in equilibrium.

We solve the model backward by considering the optimal decision of a firm in each stage, given
the decisions made in the previous stages and in anticipation of other firms’ best responses in the
subsequent stages. The firms’ payoffs are determined based on the ex-ante profits given in Section 3
and the side payments T’y and 7. Let nf55 be the optimal number of informed manufacturers that

RSS)

maximizes the retailer’s profit and T*5%(n , where k= f or s, be the corresponding optimal

payment charged by the retailer.

PROPOSITION 3.

(a) If0<c<cl, nf59 =0.
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(b) If " <c< T, nf5 =1 with TFSS (1) = 5 (1) — w3 (1).

(c) If "' < ¢, nf5% =2 with TF%(2) = TF5%(2) = mp(2) — mpp(1).

4.3. Model MS: Manufacturer Stackelberg

In this model, the manufacturers are the Stackelberg leaders who simultaneously offer side payments
T, and T, (where T; is offered by manufacturer ¢) for buying information. The retailer then decides
whether to accept any of these offers. The firms’ payoffs can be determined based on the ex-ante
profits given in Section 3 as well as the side payments T} and T5. We solve the model backward
by first considering the retailer’s optimal decision given the manufacturers’ offers. Then we solve
for the simultaneous game played by the two manufacturers in anticipation of the retailer’s best
response. When there are multiple equilibria in the manufacturer game, we can show that a Pareto-
optimal equilibrium always exist and we assume that it is the outcome of the game. Let n?* be
the number of informed manufacturers and TMS(n**) be the corresponding payment offered by

manufacturer ¢ in equilibrium.

PROPOSITION 4. An equilibrium always exists. When there are multiple equilibria, a unique
Pareto-optimal equilibrium always exists. The unique equilibrium or Pareto-optimal equilibrium can
be characterized as follows.

(a) If0<c<cl, nM9=0.

(b) If ! <c< e, nMS =1 with TMS(1) =TM5(1) =75, (1) — w3 (1).

(c) If T < e, nMS =2 with TMS(2) =TM5(2) =7r(1) — 7r(2).

5. Comparing the Three Models

We illustrate the equilibrium information sharing decisions of the three models in Figure 1.

The following proposition follows from part (d) of Lemma 4 and Propositions 2, 3 and 4.

PROPOSITION 5. In any of the three models, larger production diseconomy or more intense com-

petition induces more information sharing.

Ha et al. (2011) show that when a retailer shares private demand information with a manufac-

turer who faces production diseconomy, it lowers both the supply chain’s revenue (by exacerbating
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Region | Range of the Region | (nfiC, nfi5% n M)
A O<c<c! (0,0,0)
[ SN B d<e<c® 0,1,1)
S ’ C cS<e<cl! (2,1,1)
D cT<c (2,2,2)
0.8 +
0.6 +
Ve
0.4 +
- C|
0.2 B CS
S N T c"
0 }
0 0.1 0.2 0.3 0.4 0.5

Figure 1 Equilibrium Information Sharing Decisions

the double marginalization effect of linear wholesale price) and its production cost (by reducing
the order variability). They further show that a larger production diseconomy or less intense retail
competition between two supply chains induces more information sharing. In our setting, a larger
production diseconomy still induces more information sharing because the cost saving due to a
smaller order variability becomes more significant. However, unlike the case of two supply chains
engaging in retail competition, more intense competition at the manufacturer level induces more
information sharing. This can be explained as follows. For Models RSS and MS, the value of
information sharing between the retailer and manufacturer ¢ is driven by their total profit. When
competition is more intense, manufacturer ¢’s cost saving caused by information sharing becomes
higher. The impact of competition intensity on cost saving is larger than that on revenue loss. As
a result, information sharing becomes more valuable. For Model RSC, the value of information
sharing is driven by the total supply chain profit, and the order variability effect (for the two
manufacturers combined) is less sensitive to competition intensity when compared with the other
two models. In this case, more intense wholesale price competition mitigates the double marginal-
ization effect and makes the revenue loss caused by information sharing less significant. Therefore

information sharing becomes more valuable.
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For a given model Z, where Z = RSC, RSS or MS, let 11%, and I1% be respectively the manufac-
turer’s and the retailer’s ex-ante profits after accounting for the side payments, if any, under the
equilibrium information sharing decisions. When partial information sharing (i.e., n? =1) is the
equilibrium, we take the average of the profits of the informed manufacturer and the uninformed

manufacturer when we compute IT%,. Let IIZ be the system profit, where 117 = 211%, + I1%.

LEMMA 5. For ¢ > ¢!l there exists ¢ such that TI}S <TIESC = 713,(0) iff c < ¢ and T} > T1E5¢

iff c<eé.
Region System Profit Manufacturers’ Average Profit Retailer Profit
A HMS — HRS’C — HRSS H%S — HﬁSC — H]\R;[SS H%[S’ — H]I%SC’ — HgSS’
B TS — [[RSS < [[RSC H%S — Hffs < Hﬁsc Hgsc = H%S — Hgss
C HMS — HRSS < HRSC H%S — HﬁSS < HﬁSC HgSC < H%]S — HgSS’
D [IMS = 1RS¢ = 1155 HﬁSS<H%S§HﬁSC ife<eé HgSCSH%S <H’]§SS ife<e
S <TIESC <TIMS if e > ¢ | TIMS <TIRSC <TI1B5S if ¢ > ¢

Table 1 Comparison of the System’s and Firms’ Profits

We compare the firms’ and system’s profits in Table 1. Based on Figure 1 and Table 1, several
observations can be made regarding the firms’ preference of the three contracting models.

1. In Model RSC, the equilibrium information sharing decisions maximize the total profit of
the three firms. Although partial information sharing is never optimal for the system, it may
occur in Model RSS or Model MS when production diseconomy is neither too small nor too large
(¢! <c< M), In this case, the incremental value of information sharing to the retailer and the
second manufacturer is negative, after the retailer has agreed to share information with the first
manufacturer (V3 ,, <0< V2, ). Because neither manufacturer wants to be the only uninformed
manufacturer, in Model RSS, the retailer can charge a high payment to extract profit from the
system at the expense of a less efficient outcome. Similarly, in Model MS, the manufacturers bid
aggressively to be the only informed one and an inefficient outcome occurs due to fierce manufac-
turer competition. When production diseconomy is sufficiently small or large (¢ < ¢! or ¢ > ¢!7),

both models achieve the system-wide optimal information sharing outcome.
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2. When the retailer is the Stackelberg leader in information contracting, she prefers Model RSS
to Model RSC while the manufacturers’ preference is reversed. By sequentially offering information
contracts and publicly revealing the contracting outcome, the retailer can make a credible threat
of leaving a manufacturer as the only uninformed one, who will be worse off than the case when
both manufacturers are uninformed. As a result, in Model RSS, the retailer can charge a higher
payment to extract more profit from the system, even at the expense of an inefficient outcome.

3. The retailer prefers Model RSS to the other two models. Without Model RSS, she prefers
Model MS to Model RSC except when c is sufficiently large, her preference is reversed. This is
because she has to make the same offers to both manufacturers in Model RSC, and she may
therefore benefit more from the manufacturers’ competition in Model MS.

4. The manufacturers prefer Model RSC to the other models except when c is sufficiently large,
they prefer Model MS. This shows that competition makes it undesirable for the manufacturers
to be the leaders in information contracting, except when production diseconomy is large. In that
case, they don’t need to bid aggressively to be the only informed manufacturer. Instead, they only

need to pay the retailer for her incremental loss in disclosing information.

6. Impact of Information Contracting
6.1. Sensitivity Analysis

LEMMA 6.
(a) wp(0) is increasing in t but decreasing in o and «y. There exists ¢ such that wy(0) is increasing
in ¢ if c < ¢ and decreasing in c otherwise.

(b) wr(0) is decreasing in ¢ but increasing in o,t and 7.

Without information contracting, the profits of the manufacturer and the retailer are respectively
given by m,(0) and wx(0). In this case, larger production diseconomy increases the production
cost but softens the manufacturers’ competition in wholesale prices because the marginal cost
increases at a faster rate. The above lemma shows that it benefits the manufacturers as long as
the production diseconomy is not too large. However, because both effects hurt the retailer, she is

always worse off. The other results are intuitive.
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When contracting does not induce the retailer to disclose information, I1%, = m,,(0) and II% =
mr(0) (where Z = RSC,RSS or MS) and Lemma 6 still applies. Therefore we focus on the case

when contracting induces information sharing,.

PROPOSITION 6.

(a) When c=c', (i) [rr(1) + TF%%(1)] = mr(0) = [wr(1) + T1¥(1)] — mR(0) = mar (0) — mpy (1) >0,
(i) [ (1) = Tf*5(1)] = mar (0) = [, (1) = TP (1)] = mar (0) = i (1) — mar (0) <.

(b) When c=cll, [ra(2) + TFSS(2) + TR55(2)] - [rp(1) + TRSS(1)] = [ra(2) + TMS(2) + TS (2)] -
[mr(1) + T"5(1)] = mar(2) — w3, (1) > 0.

For either Model RSS or MS, the above proposition shows that, after accounting for the infor-
mation contracting payments, the retailer’s profit increases by respectively my,(0) — 73 (1) and
ma(2) — 73, (1) at c=¢! and ¢ = ¢!, and the manufacturer’s profit decreases by my(0) — w2 (1) at
c¢=c!. These results imply that there exists a neighborhood around ¢ = ¢! or ¢!! such that when
an increase in ¢ induces more information sharing (n” becomes larger, where Z = RSS or M S),
the retailer is strictly better off. We can also find a neighborhood around ¢ = ¢! such that a similar
change makes the manufacturer strictly worse off’. Besides the cases considered in Proposition 6,
1%, and I1% are continuous in c.

Now suppose n? remains the same when one of the parameters, c,v,o or t changes.

LEMMA 7. Suppose there is information contracting and n? =1 or 2.
(a) 1%, is decreasing in o but increasing in t, and 11% is increasing in o and t.
(b) Except for n™S =2, 1%, is decreasing in v and 1% is increasing in 7.
(c) For n™5 =2 if a>o, (i) TIN5 is decreasing in v, (i) II}S is increasing in v but decreasing
mn c.
Similar to the case of no information contracting, larger demand uncertainty (larger o) or more

intense competition (larger 7) benefits the retailer but hurts the manufacturers, while more accurate

9 Similarly, we can show that there are cases where the retailer is strictly better off or the manufacturer is strictly
worse off when an increase in v induces more information sharing. In our model, a change in ¢ or ¢t does not affect
the information sharing equilibrium outcome n, though it affects the firms’ profits.
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signal (larger t) benefits all the firms. For the effect of production diseconomy ¢, we have performed
an extensive numerical study to investigate, with information contracting, how a firm’s profit
depends on ¢ when the relationship is not monotone. Our results lead to the following observations.

First, the retailer’s profit may increase when production diseconomy becomes larger. This may

R M

occur for nf9¢ =2, or nf¥% =1 or 2, or n™* =1, when production diseconomy is large, competition
is less intense, demand uncertainty is large and signal is accurate. Second, similar to the case of no
information contracting, for all the three contracting models, the manufacturer’s profit is increasing
in production diseconomy when the latter is small, competition is intense, demand uncertainty is
small or information is accurate.

Compared with Lemma 6, Proposition 6 and the numerical results together show that when
there is information contracting, production diseconomy has an additional effect on the retailer.
In Model RSC and Model RSS, a larger production diseconomy increases the value of information
sharing, which benefits the retailer because she can then sell information to more manufacturers or
charge a higher payment for the information. In Model MS (with the manufacturers as leaders in
information contracting), this is also true as long as full information sharing is not an equilibrium.
Otherwise the manufacturers only need to pay the retailer for her incremental loss due to disclosing
information and they can capture the remaining surplus created by information sharing. As a
result, the retailer no longer benefits from a larger production diseconomy. Note that for the case
of two competing supply chains studied by Ha et al. (2011), a retailer cannot benefit from a larger

production diseconomy when the manufacturers are leaders in information contracting. This is
because the manufacturers do not compete in buying information from the same retailer.

6.2. Welfare Implications

From Proposition 1, the retailer has no incentive to share information when the manufacturers do
not pay for the information. When the firms contract on information sharing, the retailer will refuse
to share information if the side payment she receives does not make up for her loss due to disclosing

her private information. Therefore the retailer cannot be worse off with information contracting.
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The question remains whether information contracting makes the manufacturers or the system
better off. Obviously it impacts the firms’ profits only if contracting induces information sharing
in the system. We obtain the following results by comparing 7,,(0) with I1%,, and 2m,,(0) + 7£(0)

with 211%, + 114, where Z = RSC, RSS or M S, when information sharing occurs in equilibrium.

PROPOSITION 7. Compared with the case of no information contracting, the impact of infor-
mation contracting is as follows.
a) In Model RSC, for nf*5¢ =2, the manufacturers are indifferent and the system is better off.
( ) ) ) Y
(b) In Model RSS, for nfiS =1, both the manufacturers and the system are worse off. For n®% =2,
the manufacturers are worse off while the system is better off.
(c) In Model MS, for n™ =1, both the manufacturers and the system are worse off. For n*5 =2,
(i) the system is better off; (ii) there exists ¢ such that the manufacturers are worse off if ¢ < ¢ and

better off otherwise. The threshold ¢ is increasing in .

The threshold ¢ in part (ii) of (c) is the same as that in Lemma 5. In Model RSC, the equilibrium
information sharing decisions maximize system profit and the retailer captures all the value created
by information sharing, leaving the manufacturers with no incremental gain. In Model RSS, when
partial information sharing (n =1) is the equilibrium, on average a manufacturer is worse off due
to information contracting. As we have explained earlier, partial information sharing allows the
retailer to charge a high payment to extract a large share of the total profit, even though the overall
supply chain efficiency may suffer. Therefore, information contracting sometimes makes the system
worse off and it always makes the manufacturers worse off. In Model MS, when partial information
sharing is the equilibrium, information contracting makes the manufacturers worse off because of
competition. When full information sharing is the equilibrium, instead of competing aggressively
to avoid being the only uninformed firm, the manufacturers just need to pay the retailer for her
incremental loss due to disclosing information. In this case, information contracting benefits the
manufacturers when the saving in production cost due to information sharing is sufficiently large,
which is the case when c is large. When competition becomes more intense, it takes a larger ¢ for

the manufacturers to benefit from information contracting.
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7. Extensions
7.1. Retailer’s Investment in Improving Signal Accuracy

Consider the case when the retailer invests in data collection to improve signal accuracy (e.g., by
collecting more data) before the firms engage in information contracting and pricing decisions. Let
g(t) be the investment cost as a function of the signal accuracy t, where ¢(t) is increasing and
convex in ¢t with ¢’(0) =0 (or sufficiently small) and ¢'(4+00) = 400 (or sufficiently large). The
retailer seeks to find ¢ that maximizes 11%(t) — g(t), where Z = RSC, RSS or MS. TI4(t) is the
same as I1Z defined in Section 5, but here we explicitly show its dependence on t. Let ¢t be the
optimal solution of the retailer’s problem. Recall that the equilibrium information sharing decision,

n?, does not depend on ¢ (though the firms’ profits do).

PROPOSITION 8.
(a) 171 <t% ff 7 (1) <TIZ2 (1),
b) t% is increasing in o.
( g
(c) tZ is increasing in ¢ and vy except (i) when n? =0, tZ is independent of ¢ and vy, (ii) when

nMS =2, there exists ¢ such that t"° is decreasing in vy if ¢ < ¢ and increasing in v otherwise.

The above proposition shows how the retailer’s optimal investment depends on the contracting
models. If her profit is higher in Model Z; than in Model Z, (from Table 1), the marginal benefit of
a more accurate signal is also larger and, consequently, the optimal investment is higher too. It is
intuitive that the optimal investment is higher when demand becomes more uncertain. When there
is no information sharing, production cost and competition intensity do not impact the marginal
effect of signal accuracy on the retailer’s profit. When there is information sharing, the retailer
can command a higher payment when either the saving in production cost due to information
sharing becomes larger (when ¢ is larger) or competition becomes more intense. Therefore she
invests more when production diseconomy becomes larger or competition becomes more intense.
The only exception is when n™“ =2 and production diseconomy is small, which also means that

competition is intense. From Lemma 2, when competition becomes more intense, wholesale prices
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are less responsive to the demand signal. Because of this and the small production diseconomy, the
marginal value of a more accurate signal becomes lower. As a result, each manufacturer offers a

MS =1 and production diseconomy is small,

lower payment for the information. Note that when n
more intense competition lowers the marginal value of a more accurate signal but induces the
manufacturers to make more aggressive offers for the information'C. It turns out that the net effect
still benefits the retailer.

Kadiyali et al. (2000) assert that retailers become more powerful because, among other things,
they have adopted advanced information technology. Our results imply that information contracting
provides incentive for a dominant retailer to invest in information technology to make demand
information more accurate. Thus information contracting not only allows the retailer to extract a
larger portion of the supply chain profit but also makes her more powerful through the adoption
of more advanced information technology.

7.2. Vertical Nash for Wholesale and Retail Price Decisions

We consider the case when wholesale prices and retail prices are determined under Vertical Nash.
The sequence of events is the same as that of the basic model given in Section 2 except for event
3. In event 3 of the basic model, each manufacturer is a Stackelberg leader in wholesale pricing.
They simultaneously offer their wholesale prices to the retailer, who then determines the retail
prices. For the case of Vertical Nash, each manufacturer determines a wholesale price for his own
product, the retailer determines the retail margins for both products, and all these decisions are
made simultaneously. This is the case when the manufacturers and the retailer have similar power
in determining the wholesale prices.

As shown in Figure 2, the equilibrium information sharing decisions exhibit the same threshold
structure as before. Indeed, except for Proposition 5, all the main results (Propositions 2 to 4, and

Propositions 6 to 8) remain exactly the same.

PROPOSITION 9. Suppose wholesale prices and retail prices are determined under Vertical Nash.

10 The second effect is not significant when n™S =2.
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Region | Range of the Region | (nf%C, pfts5 nMo)
O<c<cl (0,0,0)
I <e<c (0,1,1)
S <e<cT (2,1,1)
cT<ec (2,2,2)
- C|
—cs
..... C"
0.3 0.4

Figure 2 Equilibrium Information Sharing Decisions under Vertical Nash

(a) In any of the three contracting models, larger production diseconomy induces more information
sharing.

(b) For Model RSC, more intense competition induces more information sharing.

(¢) For Model RSS or MS, there exists ¥ such that when v <7 and c'*(y) < c < (5), more
intense competition induces less information sharing. Otherwise more intense competition induces

more information sharing.

Here c¢!’(7y) is defined as in Lemma 4 and we show explicitly its dependence on 7. The above
proposition shows that the results under Vertical Nash are almost the same as those in Proposition
5 except when v is small and ¢ takes some intermediate values. This can be explained as follows.
For Models RSS and MS, information sharing between the retailer and manufacturer i leads to a
revenue loss (due to the double marginalization effect) for the retailer and a saving in production
cost (due to the order variability effect) for manufacturer . When manufacturer j is informed, more
intense competition increases both the cost saving and the revenue loss!!. Under the conditions

in (c) of Proposition 9, the impact of competition intensity on revenue loss is more significant

1 For Model RSC, more intense competition always reduces the revenue loss caused by information sharing.
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than that on cost saving!?. As a result, the value of information sharing between the retailer and

manufacturer ¢ decreases when competition becomes more intense.

8. Concluding Remark

In this paper, we have examined the issues of information sharing and information contracting
in a supply chain with two competing manufacturers selling through a common retailer. We have
investigated how firms make information sharing decisions in different scenarios with different
assumptions on contracting leadership and sequence. We have shown how production diseconomy
and competition intensity affect the incentive for information sharing, and how information con-
tracting impacts firms’ profits. When the retailer can invest in improving information accuracy, we
have shown how such an investment depends on production diseconomy, demand uncertainty and
competition intensity.

One limitation of our model is the assumption of identical manufacturers. Without this assump-
tion, we expect partial information sharing to be more likely and it would be interesting to study
how the retailer should selectively contract with the manufacturers on information sharing. To
analyze the case of non-identical manufacturers, we need to make major changes in the modeling

framework and possibly adopt a different mode of analysis. We will leave this for future research.

Appendix: Proofs
PROOF OF LEMMA 1. It is easy to verify that w; and p; satisfy w; = w;(w}) and p; = p;(w;,w}),
and hence they are an equilibrium. To show the uniqueness, it suffices to show the solution to
equations w; = w;(w;) (for i=1,2) is unique, because the retailer’s best-response retail prices are
uniquely determined by the wholesale prices. When n =0 or 2, we have E[w,;| =w;, and it is easy
to check that the linear equations w; = w;(w}) have a unique solution. When n = 1, without loss
of generality, assume X, = S. Take expectation of w;(w;) with respect to Y and substitute it into

w;(w;), we can find a unique solution w}. Then w; = w;(w;]

) is also unique. O

PrOOF OF LEMMA 2 AND LEMMA 3. It is straightforward and details are omitted.

12 This is not true for the basic model because wholesale prices are more sensitive to competition intensity under
Vertical Nash when compared with the basic model.
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PrOOF OF PROPOSITION 1. It follows immediately from Lemma 3.

PRrROOF OF LEMMA 4. For part (a), we rewrite

v [ 1 1 (1-7)B(t,0)0
e e [ E A Y EE i

and the right hand side is positive iff ¢ > ¢! = (v2 —1)(1 — 7).
For part (b), it can be shown that V3, , is convex in ¢, Vi§, y/|e=0 <0, and V3, y/|c—00 > 0. Hence,
there exists a unique ¢/’ such that Vg, ,, >0 iff ¢ > ¢!’

For part (c), notice that [7r(2) 4 27 (2)] — [7r(0) + 271, (0)] can be rewritten as

(c+3—29)] B(t,0)0
(c+2—7)? 2

c—1+

which is positive iff ¢ > ¢® = (/8 =8y ++2 —2+7)/2.
For part (d), it is obvious that ¢/ and ¢° are decreasing in ~. Let v(c'!) denote the inverse
function of ¢'’(y). We can show dV}, ,,/dc|.—.rr >0 and dV, ,;/dv|,— 11y > 0. Taking derivative

of v on both sides of the equation V3, ,, =0, we have

deerM dc'! dVR€+M
|c=cH =+ |'y=’y(c”) - O,
dc dry dry

which implies dc'! /dy < 0.

Finally, it is easy to establish the ordering of 0 < ¢! < ¢°. For the ordering of ¢® < ¢/! < /2 —1,
it follows from the convexity of Vi, ,, with respect to ¢, Vi, \/|.—es <0, and V5, y/lo— 51 >0. O
PROOF OF PROPOSITION 2. Given any side payment T', the manufacturers’ payoff matrix of the

information sharing game is given in Table 2. From Lemma 3, when T < 75,(1) — m)(0), the

Manufacturer 1, Manufacturer 2 Share (X, =195) Not Share (X, =N)
Share (X; =15) (ma(2) =T, mp(2) —1T) (w5, (1) =T, 7 (1))
Not Share (X; =N) (mir (1), 73, (1) =T) (m2:(0), 7 (0))

Table 2 Payoff Matrix of the Manufacturers under RSC

dominant-strategy equilibrium is (5,5). When T > m,(2) — 737(1), the dominant-strategy equi-

librium is (N, N). When 75,(1) — m3,(0) < T < mp(2) — w3 (1), there are two equilibria (S, S) and
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(N,N). In this case, the manufacturers choose the Pareto-optimal equilibrium, which is (5, 5) if
T <mp(2) — 7 (0), and (N, N) otherwise. Therefore, the optimal decision for the retailer is either
n=0 or n=2 with T'=m(2) — m(0). The retailer prefers n =2 to n =0 iff 7r(2) + 2[m(2) —
7 (0)] > mR(0). Therefore, from Lemma 4, n5¢ =2 if ¢ > ¢, and n®¢ =0 otherwise. n*¢ max-
imizes the total profit of the three firms because the total profit with n =1 is lower than that of
either n =0 or n=2. O
PROOF OF PROPOSITION 3. Without loss of generality, we assume that the retailer offers a contract
to manufacturer 1 first. Now we consider the contracting outcome with manufacturer 2, given
Xi. Suppose X; = S: with n =2, the payoffs of the three firms equal (7g(2) + Ty + T, 7 (2) —
Ty, 7 (2) — Ty); with n =1, their payoffs equal (7r(1) + Ty, 7y, (1) — Ty, w2 (1)); manufacturer 2
agrees to buy information iff T, < m),(2) —73;(1), and hence the retailer induces n=2iff Vi, ,, > 0.
Suppose X; = N: with n =1, the payoffs of the three firms equal (wz(1) + Ty, 73 (1), 73, (1) = T.);
with n =0, their payoffs equal (7(0),7(0), 7 (0)); manufacturer 2 agrees to buy information iff
T, <73;(1) — 7 (0), and the retailer induces n=1 iff V;,,, > 0.

Then we consider the contracting outcome with manufacturer 1, in anticipation of its impact
on manufacturer 2’s decision. (a) If Vi, ,, <0 (ie., 0 < ¢ < ¢'), manufacturer 2 will not buy
information, and manufacturer 1 will buy information iff Ty < 7%,(1) — m5,(0). Notice that wg(1) +
Ty <mr(0)+ V3, <mr(0), it is optimal for the retailer not to share information. (b) If V2, ;, >0
and V3, <0 (ie., ¢! <c<c!l), whatever decision manufacturer 1 makes, the retailer will induce
a different information sharing outcome with manufacturer 2. Hence, manufacturer 1 agrees to buy
information iff Ty < 73,(1) — w2} (1). It is clear that the optimal decision of the retailer is to induce
n=1 with Tj =a3,(1) — 73 (1). (c) If Vi, >0 (i.e., ¢! <¢), the retailer will share information
with manufacturer 2 for sure. Manufacturer 1 agrees to buy information iff 7y < mp(2) — w3 (1).
Notice that 75(2) 4 2[ma(2) — 73 (1)] = 7R (1) + mar(2) — 73 (1) + VE, 3y > 7r(1) + 75, (1) — s (0),
the retailer will induce n =2 by charging Ty =T, = mp(2) — may(1). O
PROOF OF PROPOSITION 4. For any payments 77 and 715 offered by the manufacturers, the retailer’s

best response can be characterized as follows: n =0 iff T; € [0, 7z(0) — 7r(1)) for i =1,2; n =2 iff
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T, € [mr(1) — mr(2),00) for i =1,2; and n =1 in the remaining region (where the retailer shares
information with manufacturer ¢ iff T; > T}). In anticipation of such retailer response, for any given
T;, we can characterize manufacturer #’s best-response T;(T}). Based on the best responses of the
two manufacturers, we obtain the necessary and sufficient conditions for all the Nash equilibria as
follows:

(1) n=0 is an equilibrium iff V2, ,, <0;

(2) n=1is an equilibrium iff mz(0) — 7r(1) <75, (1) — 7l (1) < 7r(1) — 7R(2);

(3) n=21is an equilibrium iff V3, ,, > 0.

Nash equilibria always exist because we can show that the inequalities in (2) are satisfied in
the region with V2, ,, >0 and V3, <0. When there are multiple equilibria, we must have two
equilibria with n =1 being one of them, because from Lemma 4 the equilibrium conditions for
n =0 and n =2 cannot be satisfied simultaneously. We can show that n =1 is Pareto-dominated
by the other information sharing equilibrium (either n =0 or n = 2) for the manufacturers. O

PROOF OF PROPOSITION 5. It is straightforward and details are omitted.

PROOF OF LEMMA 5. When ¢ > ¢!, n? =2 for Z = MS, RSC, and hence

MS RSC __ c+4—2y (1—7)? B(t,o)o?
B e 1

The result follows because the right hand side has the following properties: (1) it is strictly negative
for c € (0,]; (2) it is increasing in ¢ for ¢ € (7,00); (3) it goes to infinity when ¢ — oo. The proof
for the case of the retailer’s profit is similar and therefore omitted. O
PROOF OF LEMMA 6. We show the sensitivity of m,,(0) with respect to c. Taking the first— and

second—order derivatives, we have

dma(0) _ (e+2-3y)a® B(to)d® 1-B(t.0)jo®,  and

dc 4(c+2—7)3 4
d*mpr(0) _ (c+2-3y)a® vya?
dc? 20c+2—7)"  2(c+2—-y)"

It is clear that if the first—order derivative equals zero, then the second—order derivative must be

strictly negative. Note that dm;(0)/de|.s00 <0, we have m(0) is either unimodal or decreasing
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in c. Therefore, there exist ¢ > 0 such that m,,(0) is increasing in c¢ iff ¢ < ¢. The other results in
parts (a) and (b) can be obtained by taking derivatives of m,(0) and 7z(0) with respect to the
corresponding parameters. O
PROOF OF PROPOSITION 6. By definition, VY, = [75;(1) + 7x(1)] — [12(0) + 7 (0)] =0 at ¢ = ¢!
and Vi, = [mm(2) + 7r(2)] — [73 (1) + 7mr(1)] =0 at ¢ =c¢'’. Based on these and Lemma 3 , it is
straightforward to prove that the results hold. O
PROOF OF LEMMA 7. Parts (a), (b) and (c¢) can be obtained by taking derivatives of 11, and 1%
with respect to the corresponding parameters. O
PROOF OF PROPOSITION 7. It is straightforward and details are omitted.
PROOF OF PROPOSITION 8. For part (a), we can rewrite I1%(t) = Tr+JZ 3(t,0)0?, where 7z and JZ
are positive and independent of ¢. It is easy to check that IT%(¢) is concave and increasing in ¢. Hence
IT%(t) — g(t) is concave in ¢, and the maximizer ¢ is the unique solution to d[I1%(t) — g(t)]/dt = 0.
By taking derivative with respect to J#, we can show that dt?/dJ? > 0 because I1%(t) — g(t) is
concave and d?[I1%(t) — g(t)]/dtdJ? > 0. Since 1T (t) <II72(t) iff J% < .J?2, the result follows.

The proof of part (b) is similar to that for part (a).

For part (c), (i) when n? =0, JZ is independent of ¢ and « , so is tZ; (ii) when n™5 =2

dJMS 1| (1—7)*(3¢c+2—27) 2

dry 2 (c+2—27)3 (c—i—2—7)3 ’

which is increasing in ¢. Because dJ™® /dry|._,« > 0, there exists ¢ such that dJM* /dy <0 iff ¢ <é.
Then result (ii) follows directly according to part (a). The other results can be obtained by taking
derivatives of JZ with respect to the corresponding parameters. O
PROOF OF PROPOSITION 9. We follow the approach in Choi (1991) to get the firms’ expected
profits in the second stage. For convenience, we abuse notations by using the same set of notations
as in the basic model where the manufacturers are the leaders in offering wholesale prices. Given w;
and ws,, the retailer maximizes her expected profit (p; —w,) <a +E[0]Y] — ﬁpl + ﬁpz) + (p2 —
ws) (a + E[0)Y] - ﬁpz + ﬁpl) by setting the retail prices to p;(w;, w;) = 3 (a+ B(t,0)Y +w;).

Given the profit margins charged by the retailer, an informed manufacturer maximizes his
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expected profit w; E[q;(pi,p;)|Y] — cE[q?(pi,p;)|Y] by setting the wholesale price to w;(p;,p;) =
(2c+1—7) (a+ B(t,o)Y — ﬁpi + ﬁpj) : an uninformed manufacturer maximizes his expected
profit w;E|q;(pi,p;)] — cE[q;(pi,p;)] by setting the wholesale price to w;(p;,p;) = (2¢ + 1 —

v) (a — ﬁE [pi] + ﬁE [pﬂ) . Following the proof of Lemma 1, we can find a unique equilibrium

. Jw+a,(n)Y ifn=0or2,
P\ w4 aki()Y ifn=1,
. {p+ap(n)Y if n=0 or 2,

Pim\ pt+aX ()Y ifn=1,

where @ = (2c+1—7)a/(2c+3—-7), p=(2¢+2—7)a/(2c+3 —7), and

Ny Sy 1=7)(2c+1—7) _2c+1—1ny
Oéw(O)—aw(l)—0,0éw<1)— (20_'_3_3’}/) B(tva)7aw(2)* 26_’_3_,}/6(1570)7
vy 2 BLo) s 219 1 Bt.o) o _2e+2-7
o (0)=a, (1) = 5 ,ap(l)—[ - _20+3—3’Y] 5 ,ap(2)—26+3_73(t,0).

Based on the equilibrium pricing decisions, we obtain the firms’ ex-ante profits as follows.

cB(t,o)o?

T (0) = Tpr — — 1 cll— ﬂ(t,a)]oz,
) == (14 (5o 5 )| st -1 s
s — = (C+1*’7)(1*7)2 o? — el — o)l
7TM(1) - (26+ 3_ 37)2 /B(t7 ) [1 B(ta )] )
=T 7(C+1_7) o)o?—c[l— o)lo?, 7 =T 75(15’0)02
WM(Q) = Tn T+ (264—3—’)’)26@’ ) [1 5(t7 )] ) R(O) R+ 2 s
. o) VB)e® o2
ma(l) = R+[1+7+(2c+3—37)2] 4 7 »(2) R+(26+3—’7)26(t7 o

where 7y = (c+1—7)a2/ (2¢+3—7)* and 7 = 242/ (2¢+3 —~)*. The rest of the proof is similar

to those for Lemma 4 and Propositions 2 to 4, and we ignore the details. O
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