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ABSTRACT

Li [1] examined the incentives for information sharing in a two-level supply chain in which there are a manufacturer
and many competing retailers. Li showed that direct and leakage effects of information sharing discourage retailers
from sharing their information and identified conditions under which demand information sharing can be traded. The
purpose of this note is to show that full information is the equilibrium if the manufacturer adopts a discount based in-
centive scheme instead of the side-payment scheme used by Li. The discount-based scheme eliminates the direct as well
as leakage effects. Discount based scheme is attractive because similar schemes are commonly used in practice and it
results in Pareto-efficient information sharing equilibrium that has a higher social welfare and consumer surplus than
the no information sharing scenario. The total social benefits and consumer surplus are higher in discount based incen-
tive scheme. Consequently, many of the key results of Li are critically dependent on the assumption that the manufac-
turer uses side payment for information.
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1. Introduction

Li [1] examined the incentives for firms to share infor-
mation vertically in a two-level supply chain in which
there are a single upstream manufacturer and many down-
stream competing retailers. Li showed that while the
manufacturer always benefits from retailers’ demand in-
formation, retailers would not voluntarily share their in-
formation. The results is because the manufacturer, being
the leader in the game, is able to exploit retailers’ infor-
mation to its advantage (“direct effect”), and retailers are
able to infer competitors’ information from manufac-
turer’s price (“leakage effect”). However, when the manu-
facturer is allowed to compensate retailers for informa-
tion disclosure, information sharing can be achieved when
1) the information each retailer has is relatively more
informative in a statistical sense; or 2) there is suffi-
ciently large number of retailers. Li also showed that
complete demand information sharing reduces both the
expected total social benefits and the expected consumer
surplus. The purpose of this paper is to show that the key
results of Li regarding the conditions when information
sharing will occur, social benefits, and consumer surplus
depend critically on the type as well as timing of the in-
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formation-sharing contract entered into by the manufac-
turer and retailers. Specifically, we show that if the manu-
facturer offers an appropriate schedule of discount on the
wholesale price to retailers then full information sharing
will occur under all conditions rather than only under the
conditions given in Li. In addition, consumer surplus and
total social benefits increase under full information shar-
ing in the discount-based contract.

The intuition that underlies our result becomes clear
by further analysis of the reasons for the direct and leak-
age effects described by Li. The direct effect occurs be-
cause the manufacturer acts as the leader and sets the
wholesale price based on retailers’ information. When
retailers’ information signals a demand higher than the
mean demand, the manufacturer increases the wholesale
price from what it would have charged in the absence of
that information. When retailers’ information signals a
demand smaller then the mean demand, the manufacturer
charges a lower wholesale price. However, retailers lose
more from a higher wholesale price in the high demand
scenario than they gain from a lower wholesale price
under the low demand scenario. Consequently, retailers’
expected profits decrease under information sharing. In
high as well as low demand scenarios the manufacturer
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benefits because it is able to set the price that maximizes
its profit based on the information. This insight suggests
that if an information-sharing contract is designed such
that retailers do not lose in the high demand scenario and
gain in the low demand scenario then it is clear that the
retailers as well as the manufacturer will be better off
under information sharing. One such contract is based on
discounts on the wholesale price when demands are ex-
pected to be low.

The leakage effect occurs because the wholesale price
reveals the signals of retailers sharing the information to
other retailers. This puts those retailers that share infor-
mation at a disadvantage compared to those who do not.
In Li’s model, the manufacturer announces the wholesale
price after receiving the signals from retailers that have
entered into information sharing agreement. In the con-
tract we propose, the manufacturer announces only the
discount schedule. The discount a specific retailer gets is
private to the manufacturer and that retailer. This con-
tract is consistent with industry practice'. Thus the dis-
count based contract scheme eliminates the leakage ef-
fect of information sharing.

We briefly present the model and key results of Li in
Section 2. We present our model and derive the principal
results in Section 3. We conclude with a summary in
Section 4.

2. Li’s Model and Principal Results

Li considers a two-level supply chain with one manufac-
turer and n retailers that sell a homogenous product. The
inverse demand function for the downstream market is
given by p=a—-Q, where p is the price Q is the total
sales level in the downstream market.

That is Q=7 ¢, where g is the level of sales at
retailer i, ie {1, 2,...n} . The marginal cost of production
is assumed to be constant and zero. The manufacturer is
the Stackelberg leader and first offers a price, P. Then
the retailers decide on their sales quantities, Q;, and the
manufacturer produces the quantity Q. The manufacturer
is obliged to meet the retailers’ orders and has the capac-
ity to do so.

Li analyzes two kinds of uncertainties: demand and
cost. In this paper we focus only on the demand uncer-
tainty. We can easily extend our analysis to the case of
cost uncertainty and show similar results. Each retailer

possesses some private information about the uncertainty.

In each of these cases, the sequence of events and deci-
sions are as follows.

'The 1936 Robinson-Patman Act precludes sellers “from giving dif-
ferent terms to different resellers in the same reseller class” and any
proffered discount schedule must be functionally available to all retail-
ers. Our proposed contract does not violate the act. This discount
scheme is similar to quantity discount schedule widely used in prac-
tice.
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1) Each retailer decides whether to disclose his infor-
mation and the manufacturer decides whether to acquire
such information.

2) Each retailer observes his signal and the manufac-
turer observes only those signals shared by the retailers.

3) Based on the available information, the manufac-
turer sets the wholesale price.

4) The retailers choose sales levels after receiving the
wholesale price.

5) The manufacturer produces to meet the retailers’
sales levels.

In demand uncertainty, the downstream demand curve
is assumed to be p=a+6-Q, where € is a random
variable with zero mean variance o’ =Var[6]. Before
making the quantity decision, each retailer i observes a
signal Y; about 6. The following assumptions were
made about Y;.

Assumption 1: E[Y,|0]=6 foralli.

Assumption 2: E[0|Y1 Y ] a, +Z|6N Y,

where ¢; are constants. Y; are 1ndependent, conditional
on 6.

Assumption 3: Y..Y,,---,Y,
uted.

The joint probability distribution for (6.Y,.Y,,...,Y,)
is common knowledge.

Under the above assumptions, the following holds
when K retailers share their information with the manu-
facturer.

are identically distrib-

E[6]Y;.jeK]=

1
E|:Yi|YJ:|:mZYJ' 1)

jeK
where

E[Var[Y,|0]]

Var[6]

»
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2

Li derives the following optimal quantities, wholesale
price, and profits when K retailers share their information
with the manufacturer.
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n+1 2 jek

_L[%J{B]“_ik]ZYﬁBﬁYijforieN/K 5)
w (k) =E[(4) | ©
weeley] o

n+1
where
A= ®)
B = (k+s)(lr(1:is+1+zs) ©
e 0

Using the above expressions, Li shows in Proposition
4 that the manufacturer is better off by acquiring infor-
mation from more retailers, and each retailer is worse off
by disclosing his information to the manufacturer in all
circumstances. Therefore, no information sharing is the
unique equilibrium. Li then proceeds to analyze whether
information sharing can be achieved when the manufac-
turer is allowed to compensate retailers for information
disclosure. Li considers the following contract signing
game in the first stage. In the contract, the manufacturer
offers a payment o to each retailer’s private information.
All retailers simultaneously decide whether to sign the
contract. Under this contract, Li shows in Proposition 5
that there exists a 0 such that complete information
sharing equilibrium Pareto dominates no information
sharing equilibrium if and only if s < (n —2)(n+1)/2.
That is, information sharing equilibrium Pareto domi-
nates the no information sharing equilibrium only when s
is sufficiently small and/or n is very large. When n = 2,
information sharing equilibrium does not Pareto domi-
nate no information sharing equilibrium. In Proposition 7,
Li shows that complete information sharing reduces both
the expected total social benefits and the expected con-
sumer surplus given by (a+6)E[Q]- E[Qz}/Z and
E [QZ ] / 2 respectively, where

Q= ZieK qi* + ZieN/K qi* :

3.0ur Model and Analysis
3.1. Our Model

It is worth noting that the contract of Li is based on a
fixed payment of § and not on the wholesale price.
However, it is well known that the profits of the manu-
facturer, retailers, and the overall supply chain depend
critically on the wholesale price because of the double
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marginalization effect [2]. In a deterministic demand si-
tuation, a higher (lower) wholesale price increases (de-
creases) the manufacturer profit but reduces (increases)
retailers’ and the supply chain’s profits. Li shows the
intuitive result that information sharing will occur only
when the supply chain profit increases as a result of in-
formation sharing. When the manufacturer sets the whole-
sale price first to maximize its own profit, the supply
chain profit improves from information sharing only un-
der certain conditions. When these conditions are sat-
isfied, the manufacturer can indeed use the contract pro-
posed by Li and realize higher profits. However, when
the conditions are not satisfied, information sharing is not
achieved under the side payment contract. We show in
the following paragraphs that if the manufacturer uses a
contract based on the wholesale price then information
sharing equilibrium can be achieved, and the manufac-
turer as well as retailers benefit as well.

The intuition for the contract we propose is based on a
simple proposition®. If the manufacturer and retailers
enter into a contract such that neither the retailer nor the
manufacturer is worse off when information is shared
compared to when information is not shared under all
realizations of the random signals observed by the re-
tailer then information sharing equilibrium will Pareto
dominate the no information equilibrium under all cir-
cumstances. For any set of realizations of the signals, a
higher wholesale price under information sharing bene-
fits the manufacturer and hurts retailers. Consequently if
the manufacturer agrees to not increase the wholesale
price from what he would have charged under no infor-
mation sharing, retailers will not be worse off. As for the
manufacturer, if the manufacturer deems that it will ben-
efit from giving a discount after the information is shared,
it will benefit by offering the discount. If the manufac-
turer neither gives a discount nor raises its price based on
information shared by retailers, the manufacturer will not
be worse off compared to the no information sharing
scenario. Such a contract results in a win-win situation
for both manufacturer and retailers. We formally state
our wholesale price scheme based on discounts as fol-
lows.

Discount scheme: P =a/2—DY where D < 0 is the
discount rate if the shared signal is Y < 0, and D is equal
to 0 if Y is not shared or Y > 0.

We show that there exists a discount rate D such that
when the manufacturer offers this discount schedule all
retailers will share information and that both retailers and

’It should be emphasized that the contract we propose is not the only
possible wholesale price based contract to achieve information sharing
equilibrium. Also, several other contracts based on wholesale price as
well as side payments exist that can achieve this equilibrium. Our
choice of the wholesale priced contract is based on the fact the pro-
posed contract is simple to implement and captures discounts, a com-
monly employed method to “buy” retailer information.
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the manufacturer in the information sharing equilibrium
than the no information sharing equilibrium. We also use
the following sequence of actions in our analysis in order
to make the above schedule available to all retailers prior
to their making the decision on whether to share infor-
mation.

1) The manufacturer offers the discount price schedule.

2) Each retailer decides whether to disclose his infor-
mation and the manufacturer decides whether to acquire
such information.

3) Each retailer observes his signal and the manufac-
turer observes only those signals shared by the retailers.

4) Based on the discount price schedule, the manufac-
turer offers the discount to those retailers that shared the
information.

5) The retailers choose sales levels after receiving the
wholesale price.

6) The manufacturer produces to meet the retailers’
sales levels.

The rest of the model remains the same as that of Li.

3.2. Analysis of Our Discount Based Price Scheme

We first derive the optimal sales quantities when k > 0
retailers share their information with the manufacturer. In
the last stage of the game, the expected profit for retailer
i, given his information, is

E[m]Y; ]
(a+E[49|Y] q - ZE[q,M +DYJ

The equilibrium sales quantity must satisfy the first-
order condition:

2¢; =%+ DY, +E[4]Y, ]- E[éqf Yi} (12)

As in Li, we use Bayesian Nash equilibrium to derive
the optimal sales levels. A Bayesian Nash equilibrium is
a set of strategies and a set of conjectures such that 1)
each firm strategy is a best response to its conjecture
about the behaviors of its rivals; and 2) the conjectures
are correct [3]. We assume that each retailer conjectures
that each of the other retailers’ sales quantity is a linear
function of its own signal, and we shall show that this
conjecture is correct in equilibrium. That is, let

4 =a+pY,.
Then, Equation (12) becomes

an

200+ 24Y, = +DY +E[0]Y, ]-(n—Da - ﬁE[ZY|Y}

1

:§+ DY, + AY, —(n-1)a-B(n-1)A’Y,.

Thus, we get
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2a:%—(n—l)a = azz(na+1)
28Y, = DY, + A, —ﬂ(n—l)A{’Yi

_ D+A’  1+D(I+s)
- ﬁ_2+(n—1)A°_ n+2s+1

Note that our conjecture that the sales quantity for any
retailer is a linear function of its own signal is correct in
the equilibrium. The equilibrium sales quantity for re-
tailer | is then given by

* 1

[ = +B) (1+D(1+5))Y, 13

0 =S reenen) o
The manufacturer’s expected profit in the preceding

stage given her information (Y;); . is given by
E[nM |(YJ.)J_EJ
=) E|| =-DV,
IEZN |:[2 qu ( )'EK:|
B 1 a a  no
- ZNEEKE DYi](Z +BY(1+D(1+9))Y, )‘(Yi ),-EK }

(14)
Note that the equilibrium wholesale price and sales
quantity for a retailer are dependent only on that retailer’s
information, and whether the information is shared with
the manufacturer. Specifically, they do not depend on
how many retailers share their information. Consequently,
leakage effect from information sharing is eliminated.
The retailer profits can now be computed as
0

—E[(q?)z}
| [(a+By(1+ D(1+s))Yi)2 f(z)dz
= _2 JeK
4n+1) +f(a+2BlY,) f(2)dz

0

- - T(a+ZB§Yi)2f(z)dzJ

4(n+1)" (Za

2 2
a o

:4(n+1)2 +(n+1)

S(BY) (1+5).ieN/K.

15)

Now, we can show the following result about the num-
ber of retailers that will share information in the equilib-
rium under our discount price schedule.

Proposition 1: For any D < 0, full information sharing
in which all retailers share their information is the unique
equilibrium.

Proof: The proof is straightforward. It follows from
the fact that irrespective of the number of retailers that
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already share information, a retailer that does not share
his information can earn higher profit by sharing its in-
formation. That is,

0
[(a+BL(1+D(1+3))V,) f(2)dz
1 A

4(n+1y +_Ef(a+ZB£’Yi )2 f(z)dz

z%ﬁ (a+2BY,) f (z)dz].

a(n+1) e Q.E.D.

The following result shows that the manufacturer as
well as retailers prefers the full information sharing sce-
nario compared to the no information sharing scenario.

Proposition 2: There exists a D such that both the
manufacturer and retailers are better off under full in-
formation sharing than under no information sharing.

Proof: The proof for Proposition 1 shows that the pro-
fits of retailers are higher under the full information sce-
nario than no information scenario. We can easily show

that for Y; < 0, (az—(B;)Yi)z)za(auBin). Conse-

quently, the manufacturer’ profit is higher under full in-
formation sharing scenario. Q.E.D.

Having shown that full information sharing in which
both the manufacturer and retailers are better off is the
equilibrium under our discount price based schedule, an
interesting question for the manufacturer is which type of
contract, discount based or fixed payment as in Li, will
the manufacturer prefer. Under the contract analyzed in
Li, the manufacturer realizes an additional profit of

o’n*((n+1)(n-1)-s)
4(n+1)"(n—=1+s)(n+s) ’
under information sharing ([2], p. 1204). Note that this
additional profit is non-negative if and only if
s<(n-2)(n+1)/2. In our model, the additional profit
is always non-negative and is given by

n h oy \? t 0
W(JA—(BZYi) f(z)dz+£2aBzYif(z)dz .
The manufacturer will prefer the discount-based con-

tract when either of the following two conditions are sat-
isfied.

1) s>(n-2)(n+1)/2

O'Zn((n+1)(n—1)_s)+ - P
2) o (NH1)(n-1+s)(n+s) ( )JA(Y.) f(z)d

B
2B [Y,f(2)dz
0

Observe that under condition 1), information is not
shared in Li’s model. However, under our discount
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scheme both the manufacturer and retailers benefit from
information sharing. Condition 2) follows a comparison
of the manufacturer’s benefits from information sharing
under Li’s side payment mechanism

o’n’((n+1)(n-1)-s)
" 4(n+1)° (n—1+5)(n+s)
and our discount scheme

4(nn+1)UA_(B§Yi )2 f (z)dZJrizaBgYi f (z)dz}),

(ie.,

The conditions imply that when the number of retailers
is small and/or the signal accuracy is large so that fixed
payment based contract is unprofitable or when the mean
demand is sufficiently large, the manufacturer should use
discount on the wholesale price to induce retailers to
share information sharing.

Finally, we also analyze the effect of discount-based
scheme on the social welfare and consumer surplus. The
consumer surplus CS under our discount scheme is given
by

1 2
CS:EE[QJ

n 0 2 8 2
———| | (a+BYY,) f(z)dz+[(a+2BYY,) f(z)dz
T A RIOES (CE A RICES

(16)
The social welfare is given by nmx; +m,, +CS.
Proposition 3: Under the discount scheme, the con-
sumer surplus and social welfare are higher under full
information sharing than no information sharing.
Proof: The consumer surplus under full information
sharing is given by Equation (16). Consumer surplus under
no information sharing is given by

n r oy \2
W[I(a+ZBZYi) f(z)dz}.

“A
Since f (a+BY,) f(z)dz> T (a+2BYY,) f(2)dz,
“A “A

it follows that consumer surplus is higher under informa-
tion sharing. Q.E.D.

The result that social welfare is higher under informa-
tion sharing follows from the results that the manufac-
turer profit, retailers’ profit, as well as consumer surplus
are higher under information sharing.

4. Discussion

We showed in this paper that many of the key results of
Li, especially those related to the conditions under which
vertical demand information sharing will occur in a sup-
ply chain with horizontal competition and the effect of
demand information sharing on consumer surplus and
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social welfare, are critically dependent on the assumption
that the manufacturer uses side payment for (or “buys”)
information. In this setup, the manufacturer retains the
right to set any wholesale price based on available in-
formation. The wholesale price also signals the informa-
tion to those that do not share information. It is well
known that retailer profits as well as total supply chain
profit depend critically on the wholesale price. A higher
wholesale price reduces retailer profits and supply chain
profit. Consequently, in Li’s set up, under certain condi-
tions, the payment the manufacturer should make to in-
duce retailers to share information becomes so high that
it is unprofitable for the manufacturer. We proposed an
alternative contract based on wholesale price discount
scheme to induce information sharing. The scheme is
attractive for a variety of reasons. First, wholesale price
discount based scheme is commonly used in practice in
information sharing settings [4]’. Second, the discount
scheme results in Pareto-optimal information sharing
equilibrium for all supply chain structures and demand
conditions. Third, the scheme also increases the con-
sumer surplus and social welfare. We also analyzed when
a manufacturer that is a Stackelberg leader prefers the
discount based scheme vis-a-vis the side payment scheme.

The paper can be extended in several directions. We
considered a specific wholesale price based contract in
which the manufacturer commits, under information shar-
ing, not to increase the wholesale price from that under
no information sharing. A worthwhile problem to inves-
tigate is whether there are other contracts that yield simi-

lar results. We believe that numerous contracts that use a
combination of discount and side payment can be de-
signed that will yield qualitatively similar results. How-
ever, depending on the contract, the manufacturer’s and
retailers’ shares of the supply chain profit will vary. In
our setup as well Li’s, only retailers get signals about the
demand. We could allow the manufacturer to obtain sig-
nals in addition to the retailers. If the manufacturer’s
signal is significantly more accurate than those of retail-
ers, information sharing may become less attractive from
the manufacturer’s perspective. Another direction for
further research is to allow the signals—both retailers’ as
well as manufacturer’s—to be correlated. Higher correla-
tion will make information sharing less valuable.
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