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Abstract

We analyze a vertical structure with an upstream monopoly and two downstream
retailers. Demand is uncertain but each retailer receives an informative private signal
about the state of the demand. We construct an incentive compatible and ex ante
balanced mechanism which induces the retailers to share their information truthfully.
Information sharing can be profitable for the retailers but is likely to be detrimental

for social welfare.

JEL Classifications D82, 1.13, L14

Keywords information sharing, upstream monopoly, vertical relations

1 Introduction

Uncertainty of demand is a problem for firms in almost any type of industry. In this model
we analyze a vertical structure with an upstream monopoly and two downstream retailers.
Demand is uncertain but each retailer receives an informative private signal about the
state of the demand. The upstream monopoly can offer incentive compatible take-it-or-
leave-it contracts to the retailers. Allowing for information sharing between the retailers,
we construct an incentive compatible and ex ante balanced mechanism which induces the
retailers to share their information truthfully. We show that while information sharing

can be profitable for the retailers, it is likely to be detrimental for social welfare as the
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contracts offered by the upstream monopoly tend to involve more downward distortion
with information sharing.

There is a number of papers, which analyze firms’ incentives to share information in a
single tier industry with uncertain demand. Clark (1983) shows that firms only have an
incentive to share their private information industry wide, if they are able to enforce a
collusive agreement vis-a-vis consumers. Gal-Or (1985) analyzes a situation, where firms
receive correlated private signals about the state of demand. However, it is shown that
firms do not want to share their information regardless of the degree of correlation of the
signals. Vives (1984) shows for a duopoly market with substitute goods that firms want
to share information under Bertrand, while they do not want to share under Cournot
competition, with results being reversed if the firms’ goods are complements. Vives (1990)
on the other hand analyzes the effects of different information disclosure rules on profits
and welfare in a market with monopolistic competition. He finds that only exclusionary
disclosure, meaning that only firms participating in the sharing mechanism receive the
aggregated information, leads firms to share information, while information sharing is
only welfare improving in Cournot competition but not in Bertrand competition.!
Wagenhofer (1990) takes a similar approach to ours in that he allows a firm to choose
a disclosure rule itself, leading to full, partial or no disclosure at all. But while in his
paper only one of the firms is informed and chooses a disclosure rule, in our model both
downstream firms have private information and have to agree on a disclosure rule.

In line with Ziv (1993), we introduce an ex ante balanced, truthfully revealing mechanism
for information sharing. While in his paper there is only one industry layer, we introduce
a supplier, who—by using incentive compatible contracts—gives the firms an incentive to
share information in the first place.

Jiang and Hao (2016) also analyze a vertical structure and allow for both horizontal
information sharing and information acquisition by the supplier from retailers. However,
while their paper focuses on the determinants of information flow within such an industry,
our paper concentrates on the retailers’ incentives to share their information truthfully.

Similar to the literature on countervailing power (see for instance Dobson and Waterson,

LA general model of horizontal information acquisition, which also presents an overview of the hitherto
existing literature, is presented by Raith (1996).



1997, for a theoretical analysis or Ellison and Snyder, 2010, for an empirical evaluation of
the argument of countervailing power), our paper analyzes downstream firms’ incentives
to cooperate, when facing a monopoly supplier, and the impact of the firms’ decisions
concerning cooperation on welfare. As in buyer groups in our model the retailers are able
to improve their position vis-a-vis the supplier, as information sharing allows the retailers
to better predict the state of demand and makes them less prone to the supplier’s price
discrimination. However, in contrast to this literature, the firms in our model cannot use
cooperation to exercise any bargaining power directly, but only via the improvement of
their information.

Our contribution to the aforementioned literature is the analysis of horizontal information
sharing and its impact on contract offers of an upstream monopolist. Furthermore, we
focus on the incentives for downstream firms to share information and allow them to agree
on having either no, partial or full information sharing. We also show the existence of an
ex ante balanced mechanism to ensure truthful information sharing. In our model, welfare
effects are ambiguous. If the precision of the retailers’ signals is sufficiently high, they
share more information than socially desirable.

In the following section we set up our model. The game without information sharing is
analyzed in section three. In section four we characterize the equilibrium contracts under
different patterns of information sharing. A payment scheme which induces the retailers
to truthfully reveal their signals is presented in section five. Optimal information sharing

is considered in section six. The final section concludes.

2 The Model

We consider a simple vertical structure with one upstream supplier and two downstream
retailers 4,7 € I = {1,2}, @ # j. The supplier produces only one good and offers each
retailer a menu of take it or leave contracts. These offers are secret and we assume that
retailers have passive beliefs. Furthermore, demand is uncertain but before choosing its
contract each retailer receives a private and informative signal about the state of the
demand. Considering information sharing we allow the retailers to agree on mediated

information sharing involving a third party which transforms private messages received



from the retailers into a common message sent back to them.

The timing and formal structure of our model is the following:
1. State of demand is determined by nature: The inverse demand P(«, z) function can
be either high or low

1
P(a,z) = a—zxwith a € {ar,ag} and pg =Pr{a =ag} = 3 PL= Pr{a=ar} =

where z denote the total quantity offered. For simplicity we use ay = 1 and ay, =
a € [0.5,1]. While ay = 1 and aj, are common knowledge, the realization of a is

observed neither by the supplier nor by the retailers.

2. Retailers decide whether to sign an information sharing agreement. If an agreement
is reached it establishes a third party and a rule how the third party transforms
messages sent by the retailers into a common message sent back to the retailers. The
agreement can also entail payments by the retailers to the third party. Furthermore,

the agreement is binding and publicly observable.

3. Bach retailer i receives a private signal s’ € {sr, sy} with the following probabilities
i 1 i 1
pun =Pr{s’ =sy|1} = (1 - 5)5 +&, pur =Pr{s' =sg|la} =(1 - 5)5

where £ € [0,1] measures the precision of the signals. Note that with £ = 0 the

retailers’ signals are not informative while £ = 1 leads to perfect information.

4. If an information sharing agreement was signed retailers decide which message 5° €
{sr,sm} they send to the third party. The third party transforms the signals into a
common message M (5%,37) sent back to the retailers. The message is not observed
by the supplier.

We distinguish between complete and partial information sharing. With complete

information sharing the third party simply sends both retailers the signals it received:
MC(E,5) = (5,9)

Considering partial information sharing we focus on M (8, 57) based on pure strate-



gies and the following two schemes: Partial information sharing L leads to

(SL,SL) if f.STL = gj = Sy,

(0) else

MPL(E | §) =

While partial information sharing H implies

o sH,sg) if § =3 =sy
wrg s = | G

(0) else
Note that MP%(5%,57) implies that retailers with signals sy, can perfectly infer the

other retailer’s signal from the message. M7 (5%,57) leads to the same inference for

each retailer who gets signal sg.

5. The supplier offers each retailer i a menu of contracts including a fixed transfer

payment 1" and a quantity x based on the information the retailers may have

Ci = (T},2%), Cly = (T}, x%) without information sharing

Cz¢ - (T£¢)7 wiL¢), CliLI(b = (T[i{, x}M) with information sharing

where ¢ denotes the inference a retailer can make about the other retailer’s signal,
given the chosen information sharing regime and the received message. Contract

offers are secret and not observed by the other retailer.
6. Retailers decide which contract they choose

7. Quantities are offered on the market and all profits are realized

Figure 1 illustrates the information sets of retailer 1 under the different information sharing
agreements (we slightly simplified the notation by using H and L instead of sy and sy,
respectively).?

With partial information sharing the retailers’ ex post beliefs depend on their own signal

as well as on the inference they can make from the message sent by the third party. Assume

2We do not consider the case of partial information sharing with different signals (one retailer receiving
an H and one receiving an L signal) as this allows full inference of the other retailer’s signal and therefore
does not differ from complete information sharing.



Nature
1/2 1/2

State of
demand

Signal of
retailer 1 H

Signals of
retailer 1,

gl HH HL LH LL HH HL LH LL

Information of retaller 1 about signals without information sharing

HH HL | LH LL HH HL  |[LH LL

Information of retailer 1 about signals with partia information sharing L

HH HL| LH |LL | HH HL |LH LL

Information of retailer 1 about signas with partial information sharing H

HH| HL|/[LH LL | |[HH [HL| LH LL

Information of retailer 1 about signds with complete information sharing

HH| HL ILH | lLL | [HHIHL| [LH | LL

Figure 1: Information sharing and Information sets



MPL = (sp,sr) and truthful reports of the signals,? then the retailers know that both
received an L signal, which corresponds to the case of M = (s, sz). If a retailer’s signal
is s;, and MT* = (0), he can infer that the other retailer received a signal sy. However,
the retailer with signal sy receives message M** = (0) as well, but can not make any
inference about the signal of the other retailer, as given 5 = sy, MP" is independent
of 3. Hence, there are only three possible signal and information combinations and the
supplier can restrict its offers to three possible contracts Cz I Ci g and C}{O (see Figure
1). The case with MPH = (sy, sp) corresponds to the case MC = (sy, sy). Similarly, if
one retailers got the signal sy but receives a message M = (0), he can perfectly infer that
the other retailer’s signal was sy. However, if a retailer’s signal is sy he will get message
M = (0) irrespectively of the other retailer’s signal. Hence, in this case there are again
only three possible signal and information combinations leading to three possible contracts
C4y, Ck; and Cio.

Complete information sharing leads to the case in which each retailer has four possible

information sets. From the supplier’s perspective, however, there are again only three

relevant contracts, i.e., C}IH, C}IL and CEL‘

3 The game without information sharing

We first consider the case without any information sharing. The analysis in this case
is rather simple as each retailer has only two information sets and the assumptions of
standard adverse selection models turn out to be satisfied. More precisely, let denote vi,,

with k,m € {L, H} the conditional probability for aj given signal s,, , i.e., for example

vy = PHPHH for a = 1, given signal sy

 pEpHH + pLPHL

and assume that retailer j follows its signal, i.e., chooses C,z if he received sg. Then the

expected profit of retailer ¢ with signal sy and contract C’}{ can be written as (the expected

3In section 5 we show how truthtelling can be induced by an ex-ante balanced payment scheme, which
is based on the signal reports.



profit with signal sy, is determined analogously)

ETL(-,Cly, su) = vun [PHH (1 —afy — fﬁfq) ol + pLu (1 —aly — 953;) 333{]

+ vy [PHL (a — x}{ — mgg) :L‘ig + pLr (a — l‘zH — xi) :Eﬁq} — T}'{
Analyzing the incentive compatibility and participation conditions, i.e.,
ET(- ,Cly,sm) > ElL(- ,C}, i) and ElL(-,C},s1) > ETL(- ,Cly, 81
shows that the single crossing property holds and that the binding conditions are given by
El(- ,C%,sy) = EI;(- ,C%,sy) and EI;(- ,C%,s1) =0 (1)

Employing (1) it is straightforward to determine the optimal contracts for the supplier:

Maximizing the supplier’s expected profit E1I given by

1| paapan (T +TF) + paaprn (Th +17)
+pauprn (Tf +Th) + prapre (T +T7)
prrent (T +T5) + parprc(Th + T7)
+purpri(T +TF) + proprr (T +T7)

we get:

Lemma 1 The optimal (symmetric) quantities without information sharing X7, (o, €) and
X7 (o, &) satisfy X5(o, &) > X (o, &). While X5 (o, §) is undistorted, X (o, €) is distorted
downwards. The optimal payments are such that Ty (o, &) > T} (e, &) with strict inequality

for & € (0,1].

Proof. See Appendix. =

The downward distortion of X7 (o, &) is due to the observation that the profit from devi-
ating by choosing Cp, instead of Cp is increasing in x. Hence, the incentive compatible
payment Ty is the higher the lower xy, which implies that X7 (c, &) is lower than in the

case without any binding incentive condition.



For later reference let ETI* (-) denote the retailers’ expected profit without information

sharing

EIT () = L(pmn + pwr) EIL(- Gy, si) (3)

4 Information sharing with verifiable Information

4.1 Partial Information Sharing L

With partial information L there are three possible signal and information combinations.
Thus, the supplier can restrict its offers to three possible contracts C}IO, C}J g and C’Z I

(see Figure 1).
Assuming incentive compatibility, retailer i"’s expected profit given its own signal is sy

and the message is MY = (0) can be written as

PHH (1 - ‘r}{H - x%{H) ‘T%IH+

Eﬂi(' aCIi'JO’SHvMPL = (0)) =VHOH ) . ) (4)
PLH (1 ~ Ty~ :EJI{L) THn
PHL (0‘ — Ty — xHL) Tygt ;
+VroH ] =0
PLL <a ~ Thp xHL) THL
where
PHPHH
VHOH = and vrog = 1 —vhgon
PHPHH + PLPHL
denote the conditional probability for @ = 1 and a = «, respectively, given message

MPE = (0) and own signal sg. The retailers’ expected profits for the other cases can be

calculated analogously.

Turning to the retailers’ incentive and participation constraints, we proceed by assuming

that xzﬁo > xiH,xiLL and

EH@( 70}{073H>MPL = (O)) > EH’L( aCzHﬂSH)MPL = (0))7EH1( 7CiLa SH7MPL = (0))



is binding. Taking into account the incentive conditions for retailers with signal sz, i.e.,

EIL(-,Cly, sp, MPF = (0)) > EIL(- ,Cfp, s, MPF = (0)) (5)

ETL(-,C4 50, MY = (sp,s1)) > ETL(- ,Clpyy 50, MTY = (s, 51)) (6)

and solving the maximization problem of the supplier, we get that the optimal contracts

of the supplier duplicate the contracts offered without information sharing;:

Lemma 2 The optimal (symmetric) quantities with partial information sharing L, de-

noted by XEk(a,€), XPL(a, &) and XFL(a,€), are such that
Xiio (. €) = Xjy(o,€) and X[ (e, €) = X[ (0, €) = X[ (0, €).

The induced fized payments and the retailers’ expected profits are the same as in the case

without information sharing.

Intuitively, partial information sharing L does not change the information of retailers with
signal sg. With s = s; and ML = (0) retailer i knows that retailer j will offer the high
quantity X go. However, the retailer with sy, has a higher posterior for high demand due to
the other retailer receiving signal sz. With M "% = (s, s1) both retailers know that they
both got bad signals which implies that the posterior probability for high demand is low.
However, they know that both of them will choose to supply a low quantity. As in any case
the countervailing effects on expected demand and supply by the other retailer cancel, the
optimal response of the supplier is to design his contracts such that this information is

ignored. Therefore, he offers the same contracts as in the case of no information sharing.

4.2 Partial Information Sharing H

In contrast to above, information sharing H induces the supplier to offer different contracts
than in case of no information sharing. Intuitively, information sharing H is "good news"
as in expectation the possible information rent is higher due to the case of one retailer
having signal sy, while the other retailer having signal sy. In this case the retailer with
signal sy has information for high demand, and can infer the other retailer’s low demand

signal. In contrast, the retailer with signal s; cannot make any inference, leading to an

10



informational advantage for the retailer with signal sg. Exploiting this advantage leads to
a relatively high information rents in this scenario.

There are again three possible signal and information combinations. Thus, the supplier
can restrict its offers to three contracts Ci; ., Cl; and C%, (see Figure 1).

Assuming incentive compatibility, the retailer +"’s expected profit given its own signal is

sy and the message is MY = (sy7, si) can be written as

EIL(-,Chg, s, M" = (sg,su)) =vann (1 — Tl — quH) Thrn (7)

) ; ) )
+ VLHH (06 — Ty — JJHH) Ty — Ty

where

PHPHHPHH
VHHH = and vogg =1 —vypn
PHPHHPHH + PLPHLPHL

denote the conditional probability for a = 1 and a = «, respectively, given M = (sg7, s51).
The retailers’ expected profits for the other cases can be calculated analogously.

Turning to the retailers’ incentive and participation constraints, we proceed by assuming
that xqu > :133{ 77 holds and that the incentive conditions are binding downwards, i.e., that

the optimal contracts offered by the supplier satisfy

EIL(-,Clp, sy, M = (0)) = BIL(- ,Cly, sy, MTT = (0)) (8)
EIL(- ,Cly, s, M = (sp,sg)) = EIL(- ,Cly, s, MY = (sy, sp)) 9)

EIL(- ,C%y, sp, MPH = (0)) =0 (10)

Using (8)—(10) maximization of the supplier’s expected profits leads to

Lemma 3 The optimal (symmetric) quantities with partial information sharing H, de-
noted by X5H (o, &), X (o, &) and XF (o, ), are such that XEH (o, &) > XFH(a, &) >
X (o, 8). XE (o, &) is not distorted, X} (o, &) and XEH (o,€) are distorted down-
wards. The optimal payments satisfy THE (o, &) > TH(a, &) > TH (a,€) with strict

inequalities for € > 0.

The distortion results are based on the same reasoning as in the case of no information

sharing. Analyzing the payments Ty, Tro and Ty, implied by (8)—(10) shows that zr

11



does not affect Ty and 17, whereas Typ, is decreasing in xypy and xrg. Additionally,
xro also affects Ty g negatively.
Let ETIPH (o, ¢) denote the expected profit of the retailers with partial information sharing
H:
1
EIPH () =5 (prmprn + prrpnr) ENL( ,Chryy s, MP! = (sp, sh)) (11)

1
+3 (prmprm + purprr) ETL(-,CHE, s, MPH = (0))

4.3 Complete Information Sharing

Assume that retailer j follows its signals, i.e., chooses Cim if he receives the message
(Sk, Sm). The expected profit of retailer 4 if the received signals are sy and sy and the

chosen contract is Ck;;; is again given by (see (7))
E(-,Cyp, M = (s, s1)) =vimm <1 ~ T — afJHH> T (12)
+VLHH (Oé — Ty - mqu) T — T;}H

In order to proceed, note first that the single crossing property does not hold for
E;(- ,Chy,sm,sm) and EIL(- ,Cl s, sm) as well as for FIL(- ,C%;, sp,sr) and

ETL;(- ,C’E 12 SH,Sr). We assume that the incentive conditions are downward binding, i.e.,

EIL(- ,Cly, M = (sy,su)) = EIL(-,Clyp, M = (sg,su)) (13)
ETL(- ,Clp, MY = (s, s.)) = EIL(- ,Ct;, MY = (sg,s1)) and (14)
EHZ( aCiLaMC = (3L7SL)) =0 (15)

and check whether the solutions lead to

EH,‘(' ,CIC_IL,MC = (SH,SL)) Z EHZ‘(- ,CgH,MC = (SH,SL)) and

EH’L( 70}‘/LaMc = (SL,SL)) > EHZ( 70}{LaMC = (SLasL))aEHi(' 70}.{H7MC = (SL,SL))

Using (13)—(15) and solving for the optimal quantities we get

Lemma 4 With complete information sharing, the optimal (symmetric) quantities

12



XS, 8), X5, (0, €) and XE) (o, €) are such that X (a, &) > X§, (o, &) > X, (a, €).
While X (. &) is undistorted, X§; (o, &) and X, (o, €) are distorted downwards. The
optimal payments satisfy TGy (c, &) > TG (o, &) > TE, (o, &) with strict inequalities for

¢ € (0,1].

Again, the payments Trp, Ty and T which solve (13)—(15) are such that zg gy does
not affect Ty, and Tr 1, whereas Ty is decreasing in xy; and xrr. Additionally, Tyr
decreases in 1,

Let ETIC (o, €) denote the expected profit of the retailers with complete information shar-
ing:

1
ETIC (1) = 3 (pruprn + prrpar) EXL(-, CGy, M = (sp,51)) (16)

+ (pampra + parern) EXL(-,C5, MC = (s1, s1))

4.4 Comparison of the optimal quantities

Before we proceed with analyzing the retailers’ incentives to report their signals truthfully
in the next section, we compare the optimal quantities under the different information
sharing agreements. As already mentioned, information sharing L leads to the same allo-

cations as no information sharing.

Lemma 5 The optimal quantities under the different information structures satisfy

X (0, 8) > XGp(a, &) = Xi(e, &) > XFH (e, ),
X, &) Z Xfip(a, &)  175¢% — 95¢ +17¢° 2 1
Xi(e,€) 2 X5 (a,6) & €S 1/V3 and

Xz(aa 5), XSL(Q7 g) > XI{D({{(aa E)

Given a retailer receives signal sz, his willingness to pay for a high quantity is higher, if
he knows that the other retailer has signal sy, as if he does not know the other retailer’s
signal or if this signal is sy as well. This leads to X5H (a, &) > XgH(a,g). The best
response to the high quantity X 515 , is a low quantity X 5({{ which is further decreased to

soften the incentive constraint for the case in which both retailers receive sy (see (9)).

13



Considering the total quantities offered to consumers, we get:

Corollary 1 Compared to the case with no information sharing, partial information shar-

ing unambiguously reduces the quantities offered to consumers,.i.e.,
Xip(e, ) + Xi(a, &) > Xii (. €) + X[ (o, €)

Complete information sharing does not affect the quantities offered; if both retailers receive

sg. In the other cases the total quantities are either lower or higher, i.e.,

Xip(,€) + Xj(0,€) Z 2Xf1(0,6) € 21 /V3

Xi(0,6) Z Xfp(0,0) €51 /V3

For consumers partial information sharing is never beneficial. In case of low (both retailers
receiving sy,) or high (both retailers receiving sy) demand expectations, lemma 5 already
indicates that total quantities are higher without information sharing. But also in case
of intermediate demand expectations (one retailer receiving sy and one retailer receiving
sp) the total quantity is lower than without information sharing. This last result is due to
the downward distortions of X 501{ .

However, while the effects of complete information sharing are ambiguous for intermediate
and low demand expectations, quantities do not change due to information sharing, if

demand expectations are high.

5 Inducing truth-telling

Turning to the incentives of the retailers to truthfully reveal their signal, one might argue
that each retailer has an incentive to deviate by always reporting sy in order to induce
the other retailer to believe a = a and thus to choose a contract with a lower quantity.

This argument is certainly true for complete information sharing where reporting sy, in-
stead of sy will induce the other retailer to choose either C’gL or CEL. With partial
information sharing H, however, reporting sy instead of s; either does not change the

decision of the other retailer or induces the other retailer to choose Cﬁg instead of C’EIL{ .

14



This together with X I];Ig > X Eg decreases the quantity the other retailer offers. In fact,
it turns out that the binding constraint for the payment scheme is that each retailer must
not have an incentive to report sy instead of sy.

In the following we will characterize simple payment schemes which induce truth telling and

which are ex ante balanced, i.e., which do not lead to burning any money in expectation.

5.1 Partial Information Sharing H

Note first that with partial information sharing H the payment of each retailer has to be
based on the retailer’s signal only. This is simply due to the fact that payments based on
both signals would lead to full information sharing.

Ex ante balance of the payment scheme requires

1 1
Bz = §(PHH + pHL)ZH + §(PLH +prL)zL =0= 2z = —zpy (17)

where zp denotes the payment a retailer has to make if he reports s.

Since the decisions whether the retailers report their signal truthfully takes place after
receiving their signals we need to calculate the retailers’ expected profits in stage four of
the game, i.e., the stage in which retailers—given their signals—decide which signal they
report to the third party.

For example, assume that retailer ¢ receives signal sg. Then, his expected profit with truth

telling, i.e., Vi : 5; = s;, can be written as

EUJH (- sp,3" = sp) = pumm [(1 - Xiggp — Xirir) Xirgg — i)
+pmrw (1= Xi7 — Xio") Xt — THT ]
+prun (o — Xiir — Xbw) Xbm — Thi |

+pron (o= Xi7 — Xi0") Xl —Th' ] — 2

where fi,,1 with m, k,1 € {H, L} denotes the conditional probability of a = a,, and s/ = s},
given s’ = s;. Deviating by reporting s;, instead of sy and choosing contract C’gg would

lead to (note that reporting sy implies that the retailer remains uninformed about the

15



signal of the other retailer since MPH = (0) in any case)

EIL(Cly, su, 8 = s1) = puun (1 — Xig — Xif ) Xt — Tiit]
+pmrn [(1— Xfir— X00") X5 — T
+poan (o — Xhir — Xit ) Xir — Thi)

+ prow [(o— Xt — Xf({{) Xt — Tgl{}[] —cL

The other possible deviation strategies—given signal sg—are to report sy and to choose

either (THH 2B or (T, xTH). Similarly, with signal s; a retailer can deviate by
reporting sy and by choosing either (THH, xLH), (THE oL or (TEH, 2Pl depending
on wether MPH = (sy,sy) or if MPH = (0).

Comparing the expected profits for all possible deviation strategies it turns out that the
binding constraint is such that truthfully reporting s; and choosing C’f(fq must not be

dominated by reporting sy and choosing C’fOH irrespectively of the message sent back

from the third party, i.e., we must have

EIL(- 51,5 = s1) =BIL(CHY 51,5 = su)
=unnr [(1 - Xio' — Xin) Xio' =116 ]
+ s (1= X1g" = X1g") Xio' = T1 5]
+prar [(o— X1g" — Xirir) X107 — T

+ prrr [ (o — Xio' - XfoH) Xig' - TI%LI] ~*H

Solving for the implied payment leads to

23(1+a)—32(1 —a)f+ 12(1+ )& + (1 + a)&?

A= (1= )63 - €)1 - &) (1 + )3 +128 + 1) B

16



5.2 Complete Information Sharing

Turning to complete information sharing, let zi,, denote the payment of retailer ¢ if he

reports s, and the other retailer reports s;. Ex ante balance of the payments requires

1

Ez =5 (pHHPHHZHEE + prLEPHH (2HL + 2LH) + PLHPLHZLL) (18)

1
+ 3 (purporzam + purerrn (zan + zrm) + proprrzirn) =0

When deciding which signals to report, we again have to consider all possible deviation
strategies. Comparing the respective deviation profits we get that the optimal deviation

strategy if retailer i’s own signal is sg is to report §° = s, and to choose

Cppg if retailer j reports sy, and 1

£<
Cyp if the retailer j reports sy and
Cyp  if retailer j reports sy, and £ >

Sl

3

1
3

S

Let ETIP*(- ,sp) denote the optimal deviation profit given signal sy .

Similarly, suppose that retailer ¢ has gotten signal s; but reports sg. Then, the opti-
mal deviation strategy is to choose Cpr irrespective of the report retailer j sends. Let
EHZD *(-,s1) denote the optimal deviation profit given signal sy.

In order to guarantee truth-telling and thus (honest) information sharing between the

retailers, the payments have to be such that the following two inequalities are satisfied
ENS (-, sy) > ENP*(- ,sg) and BN (- ,s1) > ENP*(- | s1) (19)

Assume that ETIV (-, sy) = ENP*(-,sy) and FIIS (-, s1) = EIP*(-, s1) and let 2¢;; and
zIC{ 1, denote the solutions of (19) as functions of zr;, and zyy and all other parameters.
Using (18) to solve for zpy we are left with z7;, which we can normalize to 0 since the
payment scheme is balanced. The exact values of the payments zg 7 zg 7, and sz are

given in the appendix.
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6 Optimal Information Sharing and Social Welfare

Our final step is to analyze whether it is optimal for the retailers to implement partial or
complete information sharing. For this purpose we simply have to compare the retailers’

profit under either sharing agreements.

Proposition 1 The retailers agree on partial information as long as & is sufficiently low.
Complete information sharing is optimal for £ sufficiently high. No information sharing

is optimal for intermediate values of .

The different regions mentioned in the proposition are shown in Figure 2.

atof — T~~~ T, T T 14

0.9t 4

Partid H Complete

0.7 B

0.6 B

No

0.5 4

Figure 2: Optimal Information Sharing

Consider first the comparison between partial information sharing H and no information
sharing. Partial information sharing H is beneficial for a retailer in case he receives a signal
sy and a message MPH = (0) as he gets fully informed about both signals. Accordingly,
in this case his profits, i.e., his information rent, is higher as his rent with signal sy and
no information sharing. On the other hand, receiving signal sy and message M7 =
(sm,sm) leads to lower profits then receiving signal sy without informations sharing. As
the probability for this later case increases with &, no information sharing is better than
partial information if £ is sufficiently small.

A similar argument holds for the comparison between partial information sharing H and

complete information sharing. Again, while partial information sharing on H is beneficial

18



for a retailer, if he receives a signal sz and a message MTH = (0), he would prefer complete
information sharing if he receives a signal sy. With signal sy he gets a zero profit under
partial information sharing H whereas with complete information sharing his expected
profits are strictly positive. If £ is sufficiently small, the first of the effects dominates the
second, making partial information sharing more desirable.

Considering social welfare we get that there is only a small region where the behavior
of the retailers is in line with welfare considerations. More precisely, let EW*, EWFH
and EWC denote expected social welfare measured as the sum of expected consumer
surplus and supplier’s and retailers’ expected profits with no information sharing (%),
partial information sharing H (PH) and complete information sharing (C'), respectively.

Then, we get

Proposition 2 Complete information sharing is socially optimal for & < 1 /\/3, for & >

1 /\/§ no information sharing is socially desirable:
EW* > EWPH for all & and EW* Z EWC & ¢ Z 1/\/5

Proposition 2 resembles Corollary 1 and shows that the distortions induced by partial
information sharing always lead to lower welfare as compared to no information sharing.
Comparing no information sharing and full information sharing, the welfare gain due
to X5 (e, &) + Xi(a, ) > 2XG; (o, &) more then compensates the welfare loss due to
2X7 (o, &) < 2XY (,€) if the signal precision is sufficiently high, i.e., if & > 1/V3.
However, if ¢ < 1 /v/3 it holds that X} (e, &) + X} (o, &) < 2X§, (o, &) and then both
effects are in favor of information sharing.

Figure 3 combines Figure 2 and Proposition 2. The shaded area shows the region in
which the retailers’ decision to fully share their information is in line with social welfare
considerations. Outside this region, the retailers either share too much information (£

sufficiently high) or too less information (¢ sufficiently low).
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Figure 3: Expected social welfare

7 Conclusion
In this model we have shown that in a two-tier industry firms do have incentives to fully

share information as long as their private signals are sufficiently informative. However, only
for an intermediate range of this signal precision the firms’ sharing agreements are also
socially desirable. Thus, looking at the literature on countervailing power, one should note
that it is not only collective bargaining, which allows the retailers to exert pressure on the
supplier, but also some more intricate devices as different regimes of information sharing,
which allow them to increase their rents. Therefore policy evaluation in this domain should

not look only at the immediate effects of coordination, but consider more complex variants

of cooperation among firms.

8 Appendix

8.1 Proofs
Using the solutions for 7% and T¢ from solving (1) the optimal

Proof of Lemma 1
quantities follow from maximizing (2) with respect to :17’H and x’L and solving the respective
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first order conditions using symmetry. The optimal symmetric quantities are given by

. 1 2(1 — )¢
Xp(a,§) = 5 <1 +oa— Hé-g) (20)
Xi(6) =5 <1 ta- 4(11;;)5> . (21)

The no distortion result for X3 (a, &) follows from 0 T / Ox%; = 0. On the other hand,
evaluating 0 T }{ / O:EiL at the equilibrium quantities leads to 0 T} / axiL < 0 and thus to a

downward distortion.

Proof of Lemma 2 In order to prove the lemma, assume first that the binding

conditions are given by

EHi(' 70}1073H>MPL = (O)) = EHi(' 7CEH73H7MPL = (0>)
EH@( 7CEHaSL7MPL = (0)) = EHZ( ?CszvaMPL = (0)) and

EIL(-,C% ., sp, MPE = (s1,51)) =0
Then, solving the supplier’s optimization problem leads to
ETI;(- ,C’iH,sL,MPL = (sp,sp)) > EIL( ,CEL,SL,MPL = (sr,sL))
Similarly, assume that the binding conditions are given by

Eni(' ’C}-IO’SH7MPL = (0)) = Eﬂi(' 7CEL73H7MPL = (O))
EH@( 7CiLa SLaMPL = (SLv SL)) = EH%( 7CiH75L7MPL = (SL,SL)) and

ETL(-,Clpy s, MPE = (0)) =0
Then, solving the supplier’s optimization problem leads to
BIL(- , Cpp, sp, MY = (0)) > BIL(- ,Cpy, s, M = (0))

which again contradicts incentive compatibility. Therefore, the optimal contracts of the

supplier must be such that there is no information sharing induced separation between
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retailers with signals sy, i.e., the messages M*? = (0) and MT* = (s,51) do not affect
the offered contracts and we have XF'F(a,¢) = XPL(a,€). Since this also implies that
the supplier offers only two contracts, the optimal contracts must duplicate the optimal

contracts in the case of no information sharing.

Proof of Lemma 3 The expected profit of the supplier in the case with partial

information H sharing is given by

1

ETI() = 5 lprmprn (Thy +Thy) + 20muprn (Thy + Tho) + prupru (Tl + Ti)]

(22)

1
t3 lprLpms (Thg + Thu) + 2punpec(Thy + Tho) + propcs (Tho + T7o) ]

Using the solutions for T, Ty and T}, from solving (8)—(10) the optimal quantities

follow from maximizing (22):

1 16(1 —
1 6(1 — 4(1 — 5+ 3¢2
Xﬁﬁ(a,g):6<1+a+ (1+§;)€ (3+Oi)2§2jgf)> (24)
1 32(1 —
Xf({{(aaf) =5 <1 +a— 3_’_(12§Qi)§4> (25)

Employing (23)—(25) it is straight forward that the remaining incentive conditions, i.e.,

EHl( 7011'{H78H7MPH = (8H73H)) > EHl( 7011'{L¢8H7MPH = (SH,SH)) (26)
ElL(-,Cp, s, MPH = (0)) > EIL (-, Cho, s, MPH = (0))

EHl(' 70%,078L7MPH = (O)) > EHI(' 7011{H73L7MPH = (O))7 EHl(' >C}IL73L¢MPH = (0))7

are satisfied. Furthermore, there is no other combination of binding constraints which can
be optimal.

Turning to the distortion results, we have 9 T% / Oxty, =0 Tio / Ox%;; = 0. Evaluating
OT:, / Oxtyyy, 0TS, / 8933:0 and 0 T% / Bﬂm at the equilibrium quantities we get

oT? oT? oT?
HL HL () as well as HH

. , L 1H
Oz Oz Oz
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Proof of Lemma 4 With complete information sharing the expected profit of the

supplier can be written as

1

Ell= o lpanpan (Thy + Thy) + 2panen (Tir + Thr) + prapen (Thp +T7L)]

(27)

1
+3 lprLpms (Tirg + Thw) + 2pmLprc(Thy + Tirp) + precs (Tip + Tig)]

Solving (13)—(15) for T}, , Ty and T, substituting in (27) and maximizing with re-

spect to the optimal quantities leads to

1 2(1 — a)¢
Xlan) = g (14~ 55 (29)
1 4(1 - a)¢
Xfua9 = g (1+a- 0=0%) (29
3
1 60(1 —«a) 8(1—a) 6(1+a)
Xin(6) = <1+0‘+ 11(3+€2) 77—-552  1+¢& ) 30)

Using (28)—(30) shows that the remaining incentive conditions are also satisfied. More

precisely, we get that

EIL(-,CS;, MY = (sp,s1)) > EIL(- ,CSy, MC = (sg, s1)) and

EH’L( 7CgLaMC = (SL,SL)) > EHl( ’C’IgLaMC = (SLasL))aEHi(' 703:{H’MC = (SL,SL))

hold as long as X§;; (a,&) > 0 which is ensured by o > 1/2.
XG (o, &) is not distorted as 0 Thy; / 0x'yy = 0 Ti; / 02ty = 0. The downward distor-

tions of X§, (a,€) and X¢, (a, &) are due to

aTI,iJH % < 0 and % <0 (31)
8mZHL’ oz, oy,

where all derivatives are evaluated at the equilibrium quantities.

Proof of Lemma 5 Using the optimal quantities given in lemma 1-4, the proof

follows from « € [1/2,1] and £ € [0, 1].

Proof of Corollary 1 Using the optimal quantities given in lemma 1-4, the proof
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follows from « € [1/2,1] and & € [0, 1], as well as some simple algebraic manipulations.

Proof of Proposition 1 The proof relies on simple but tedious comparisons of the

retailers’ profits under the different information sharing regimes.

Proof of Proposition 2 Calculating expected consumer surplus and adding supplier’s as

well as retailers’ profits under the different information sharing regimes leads to the result

stated in the proposition.

8.2 Payments with complete information sharing

The payments which ensure honest reporting of the received signals with complete infor-

mation sharing are given by sz =0 and

1

3(a—1)262 +60 (o® — 1) ¢ — 6(a — 1)%¢1°
+76 (a? — 1) &7 + 301 (v — 1)2¢® — 344 (a? — 1) &7

c
T (71— 527 (2 + 1) (€2 + 3)

¢
7—562)% (¢4 + 462 + 3)

c
z =
HL 6(

1
€2 4+1) (564 + 862 — 21)?

c
z =
LH 12
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