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ABSTRACT

By using general information structures and precision criteria based on the dispersion of con-
ditional expectations, we study how oligopolists’ information acquisition decisions may change
the effects of information sharing on the consumer surplus. Sharing information about individual
cost parameters gives the following trade-off in Cournot oligopoly. On the one hand, it decreases
the expected consumer surplus for a given information precision, as the literature shows. On the
other hand, information sharing increases the firms’ incentives to acquire information, and the
consumer surplus increases in the precision of the firms’ information. Interestingly, the latter
effect may dominate the former effect.
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1 INTRODUCTION

The role of trade associations in facilitating firms sharing information, has always been an
important and controversial topic for economic theorists, practitioners and antitrust authorities.
On the practical side, the controversy starts with some contradictory decisions taken by US Courts
(e.g., see Vives (1990) for details). Currently, although antitrust authorities do not forbid explicitly
the exchange of information (as long as it is not used to facilitate collusion or deter entry),

1 On the theoretical side, there is a classical literature (see, e.g., Kiihn and

suspicions remain.
Vives (1995), Raith (1996), and Vives (1999) for surveys) that provides a taxonomy of regulatory
recommendations depending on the type of strategic interaction, and the type of information.
This paper tries to look at this old issue with new methodological techniques and taking the
new perspective of information economics, which allows agents to some extent to determine their
information structures. In particular, we focus on a simple question that has a clear answer
in the previous literature: Should Cournot oligopolists be allowed to share information about
their private costs of production? The answer of the classical literature on information sharing
in oligopoly seems to be unambiguously negative. In the first place, information sharing among
competing firms decreases the consumer surplus when the firms compete in quantities (Shapiro,
1986, Sakai and Yamato, 1989). Moreover, information sharing may facilitate collusion between
firms, which also hurts consumers.? Hence, a policy maker, who maximizes expected consumer
surplus, should prohibit agreements among Cournot oligopolists to share information about their
costs. However, we do not observe many regulatory restrictions on information sharing in reality.?
However, this conclusion was drawn in settings where firms receive information exogenously.
In this paper we show that the policy conclusion may become ambiguous when information is

4

endogenous, i.e., firms invest in acquiring information.® This may provide a rationale for the

!See Kiihn and Vives (1995), Vives (1990), and Kiihn (2001) for a discussion on the decisions of antitrust
authorities regarding information-sharing policies.

*Information sharing may help firms to detect deviations from collusive agreements (Green and Porter (1984)).

3We claim that this result should lead to regulatory constraints not only because there are economic sectors
as automobile industry that are typically associated with Cournot competition. But also, since with Bertrand
competition it can be shown that competing firms do not have an interest in sharing information.

4There can be several situations where a firm may not have complete information about its cost of production.
For example, the production process of the car industry is complex, and the decisions about how much to produce
is taken before some of the production contracts are signed and some input costs are known. In other words, the
production decisions are based on expected cost. Further, a firm may have developed a process innovation, and it
may not be clear how far this innovation reduces the firm’s cost. In addition, there may be incomplete information



observed lenient antitrust policy regarding information sharing. This counter-intuitive result is
based on the fact that allowing firms to share information has two effects on consumer surplus.
On the one hand, as previous literature pointed out, there is a negative direct effect. For an
exogenously given level of information precision, allowing information sharing between firms has
a negative effect (positive effect) on the consumer surplus (profits of the firms). However, on the
other hand, there is a positive indirect effect of sharing information. This is due to the fact that
the incentives of acquiring information are larger when firms are allowed to share information. The
higher investments by firms that share information have a positive effect on the consumer surplus.
On top of that, we provide an example in which allowing firms to share information increases the
consumer surplus, i.e., the positive indirect effect dominates the negative direct effect.

One of the main difficulties in translating the theoretical results of information sharing to
regulatory policies is that it is difficult to obtain unambiguous results. We have to acknowledge
that, although making information structures endogenous is a necessary step in understanding
the welfare consequences of information-sharing policies, it may make this task more complex.
However, the second main contribution of this paper is to clarify the driving forces of our and
existing results. Basically, we show that most of the results are due to the fact that the objective
functions of the firms (i.e., profits) and antitrust authority (i.e., consumer surplus) are convex
functions of the firms’ outputs. This implies that the dispersion of the firms’ outputs has a clear
impact on the outcomes. In turn, information sharing and information acquisition strategies
determine the quality of information held by firms (i.e., the distribution of posterior beliefs), and
indirectly, the dispersion of outputs.

Recently, Ganuza and Penalva (2010) has provided a family of precision criteria for ranking
information structures according to the effect that information has on the dispersion of conditional
expectations. The basic principle of these precision criteria is that a more accurate information
structure leads to a more disperse distribution of the conditional expectation. Applying these
informativeness measures allows us to obtain very general results in terms of the information
structures under consideration.

Besides this conceptual contribution, we attempt to contribute to the literature on information

acquisition in oligopoly. Li et al. (1987), Hwang (1995), Hauk and Hurkens (2001) study the

about geological or meteorological conditions for firms that extract natural resources.



information acquisition incentives of Cournot oligopolists. These papers assume that firms do
not share their acquired information, and make complementary comparisons.® By contrast, we
focus on the interaction between the incentives to acquire information and to share information.
Fried (1984), Kirby (2004), and Jansen (2008) study the effects of this interaction on the expected
profits of firms. In contrast to these papers, we focus on welfare effects, and we consider more
general information structures.

Persico (2000) studies the interaction between information acquisition and information aggre-
gation in an auction model with affiliated values. For a given information structure the second
price auction yields a higher expected revenue to an auctioneer than the first price auction. But the
first price auction gives a greater incentive to acquire information, which may reverse the expected
revenue ranking. As in our paper, Persico (2000) also considers general information structures
but ordered according to an alternative informativeness criterion (i.e., Lehmann (1986)).

In the next section we describe the model. Section 3 defines the concept of Integral Precision
for signals. Section 4 briefly describes the equilibrium strategies. Section 5 compares expected
consumer surplus levels in equilibrium. Section 6 extends the analysis in some relevant direc-
tions. Finally, section 7 concludes the paper. All proofs are relegated to the Appendix. The

Supplementary Appendix presents some results related to the model’s extensions.
2 THE MODEL

2.1 Preferences and Technology

Consider an industry where two risk-neutral firms (i.e., firms 1 and 2) compete in quantities

of differentiated goods.® The representative consumer’s gross surplus from consuming (1, z2) is:

w(zy,2) = ax1 + 9) — %(a:l + 29)% + (1 — B)z 129, (1)

with 0 < 8 < 1. Hence, the inverse demand function for good ¢ is linear in the outputs, i.e.,

Pi(zi,zj) = ae—x;— fz;. The demand intercept « is sufficiently high. The parameter 3 represents

5For example, Hwang (1995) observes that information acquisition incentives are important for the welfare com-
parison between perfect competition, oligopoly, and monopoly. Although perfect competition yields the highest
expected welfare for any exogenously given precision of information, it may fail to do so when the precision is deter-
mined endogenously, since firms in perfectly competitive markets may have a lower incentive to acquire information.
Whereas Hwang changes the mode of competition while keeping information sharing constant, we do the opposite.
5Section 6 considers an oligopoly with N firms (N > 2). All duopoly results also hold with more than two firms.



the degree of substitutability between goods 1 and 2. For 5 = 1 the goods are perfect substitutes,
while for 8 = 0 the markets for the goods are independent. The consumption of the bundle

(1, x2) gives the representative consumer a net surplus of:

2

v(z1,x2) = u(xy, x2) — ZB(LE‘Z,Z‘])ZL‘Z = %(1‘1 + 29)? — (1 = B)z122. (2)
i=1

Firms have constant marginal costs of production. Firm ¢’s profit of producing quantity x; at

marginal cost 6; is simply: m; (x4, x;;0;) = [P;(xs,2;) — 0;] x; for 4,5 = 1,2 and j # i.

2.2  Firms’ Information Structures

Firms’ marginal costs are initially unknown. The cost of firm ¢ is distributed according to
cdf. F;: [O,Gh] — [0,1] with mean ;. Firm 4 can acquire a costly signal Sf about 6;, where
S? € S for some set S. Signal S¢ is characterized by the family of distributions { Hs(s|6;)}s,. That
is, given the marginal cost 6;, which is a realization of the random variable ©;, Sf is represented
by the conditional distribution Hs(s|0;) = Pr(S? < s|©; = 6;). The prior distribution F;(#) and
the signal distribution { Hs(s|6;)}e, define the information structure, i.e., the joint distribution of
(04, 5?9). Parameter § orders the signals in the sense of Integral Precision (see section 3). We
denote the cost of acquiring a signal Sf of precision § by ¢(¢), where c is increasing in ¢.

We assume that Hs(s|0;) admits a density hs(s|0;). The marginal distribution of S¢ is denoted

by HY(s) and satisfies:

eh
Hi(s) = /{ s /0 ha(y]0)dF (6)dy.
YES|Y<s

Let F9(0;]s) and E;[0]s?] denote the posterior distributions and the conditional expectation of
S

©; conditional on S¢ = s

2.3 Firms’ Information Sharing Policies

If the antitrust authority allows information sharing between firms, the firms simultaneously

choose their information-sharing policy vis-d-vis their competitor before they acquire the signal.”

"In other words, firms unilaterally choose whether to precommit to information sharing. Alternative assumptions
could be to allow the firms to precommit cooperatively to share information (through a quid pro quo agreement), or
to assume that firms make strategic information sharing choices (i.e., each firm chooses whether to share information
after it learns its signal). As it turns out, in equilibrium the information sharing choices are not affected by these
changes of assumptions (e.g., see Okuno-Fujiwara et al. (1990) on strategic information disclosure).



As is common in the literature (e.g., Raith (1996)), a firm either shares its information truthfully
or it keeps the information secret. We focus on a parametric family of information-sharing policies.
Firm 4 chooses p; € [0,1], which implies that firm j receives the informative message, m; = 3?
(the private realization of the signal Sf ), with probability p;, and the non-informative message,

m; = &, with the complementary probability, 1 — p;.

2.4 Timing

1. Initially, an antitrust authority chooses whether to allow or prohibit information sharing

between the firms in the industry. The authority maximizes the expected consumer surplus.

2. In the second stage, firms simultaneously choose their information-sharing policy vis-a-vis

their competitor, p; € [0, 1], taking into account the decision of the antitrust authority.

3. The marginal costs of firms 1 and 2 are determined by two independent draws from their

corresponding distributions F} and F», respectively.

4. Firms simultaneously choose information acquisition investments: ; at a cost of ¢(d;), with
¢ increasing in §; for ¢ = 1,2. Firm 4’s investment §; determines the precision of the firm’s

cost signal S?. Signal S? is characterized by the family of distributions {Hs(s|6;)},-

5. Firms send messages about their signal in accordance with their information-sharing policies
in stage 2. If firm ¢ precommitted to share its information in accordance with p;, then firm
§ will receive an informative message m; = s? (the private realization of the signal S?) with

probability p; and an uninformative message m; = &, with probability 1 — p;.

6. In the final stage firms simultaneously choose their output levels, x; > 0 for firm ¢, to

maximize the expected value of m;(z;, z;;6;), i.e., firms are Cournot competitors.

We solve the game backwards, and restrict the analysis to perfect Bayesian equilibria. Before
solving the model, we want to discuss how the choice of information acquisition investment &;

determines the information structure.



3 INFORMATION CRITERIA: INTEGRAL PRECISION

In this paper we assume that the parameter d; rank signals according to Integral Precision.
Precision criteria (introduced by Ganuza and Penalva, 2010) are based on the principle that an
information structure, i.e., the joint distribution of the state of the world and the signal, is more
informative (more precise) than another if it generates more dispersed conditional expectations.
This dispersion effect arises because the sensitivity of conditional expectations to the realized value
of the signal depends on the informational content of the signal. If the informational content of
the signal is low, conditional expectations are concentrated around the expected value of the prior.
When the informational content is high, conditional expectations depend to a large extent on the
realization of the signal which increases their variability.

In our context, given the prior distribution Fj(#), we assume that if ¢; > d/ then E;[0]S?] is
“more spread out” than F; [9|Sf/]. In the present paper, we use the Integral Precision criterion,

which combines this approach with the convex order (Ganuza and Penalva, 2010):

Definition 1 (Convex Order) Let Y and Z be two real-valued random variables with distrib-
ution F' and G respectively. Then Y is greater than Z in the convex order (Y >.. Z) if for all

convez real-valued functions ¢, E[¢p(Y)] > E[p(Z)] provided the expectation exists.

Using the convex order, Ganuza and Penalva define Integral Precision to order signals in terms

of their informativeness:

Definition 2 (Integral Precision) Given a prior F;(0) and two signals S1 and Sa2, signal Sy is

more integral precise than Sz if E;[0]51] is greater than E;[0|S2] in the convex order.

Ganuza and Penalva (2010) show that Integral Precision is weaker than (is implied by) all
common informativeness orders based on the value of information for a decision maker (Blackwell,
1951, Lehmann, 1988, and Athey and Levin, 2001). In other words, if S; is more valuable for
a decision maker than S, then S; is more integral precise than S3. The following information
models are consistent with Integral Precision.

Normal Experiments: Let F;(0) ~ N (u,02) and S? = 6; + €5, where e5 ~ N(0,02) and is

independent of #;. The variance of the noise, ag, orders signals in the usual way: we assume that



0> — ag < ag, and the signal with a noise term that has lower variance is more informative
in terms of Integral Precision.

Linear Experiments: Let the signal be perfectly informative, Sf = 6;, with probability 4,
and the signal is pure noise, Sf = € where € ~ F;(0) and is independent of ;, with probability
1—46. Let Sf and Sf/ be two such signals. If § > ¢, i.e. 5’? reveals the truth with a higher
probability than Sfl, then Sf is more informative than Sf/ in terms of Integral Precision.

Binary Experiments: Let 6; be equal to #" with probability ¢ and #' with probability 1 —g.
The signal, S?, can take two values h or [, where Pr[S? = k|0; = 6] = (1 + ;) for i € {1,2} and
k € {l,h}, where 0 < §; < 1. The parameter §; orders signals in the usual way: higher § implies
greater Integral Precision.

Uniform Experiments: Let F;(6) be the uniform distribution on [0, 1] and let Hs(s|6;) be
uniform on [6; — %, 0; + 2—15] For any 6,8 with § > &', S? is more informative than S in terms
of Integral Precision.

Partitions: Let F;(0) have support equal to [0,1]. Consider two signals generated by two
partitions of [0,1], A and B, where B is finer than A.® Using these partitions, one can define
signals S? and S,?/ in the usual way: signal S? [5’?/] tells you which set in the partition A [B]

contains 0;.° If a larger § means a finer partition, J orders signals according to Integral Precision.

4 SOLVING THE MODEL: EQUILIBRIUM STRATEGIES

First, we characterize the equilibrium output levels. Second, we analyze the information

acquisition choices of firms. Finally, we analyze the information-sharing choices of the firms.

4.1 Output Levels

Each firm chooses its output level on the basis of its own information, s;, and the information
received from its competitor, m; € {s;,@}. In order to save notation we do not make explicit

the dependence of s; on d;. The expected cost given the uninformative message m; = @ is:

8A partition, A, divides [0, 1] into disjoint subsets, A = {A1, .., Ax}, i.e., US_; A; = [0,1] and A; N A; = 0 for all
4,7 =1,..,k with i # j. Partition B is finer than A, when for all B € B, there exists A € A such that B C A.

9However, observing A; [B;] does not allow you to distinguish between different states of the world within that
set.



E{9]|@} = Qj.
For any combination of messages m; and m;, firm 4 with signal s; maximizes its expected

profit, which yields the following first-order condition:

i(s) = 5( @ B} - 8B (ay(s)m} 0

for i,j = 1,2 with ¢ # j. Solving the system of equations (3) for i = 1,2 gives the following

equilibrium output level of firm i (for 7,5 = 1,2 with 7 # j):

ot (i) = 7= (2= D)o~ 2B(81s} + B Iy} + 5 E(Os) - B@Im]) @)

where E{0;lm;} = Es,{E(0;]s;)|m;}. First, notice that the last term is the distortion due to the
asymmetric information between firms. If m; = s;, there is no distortion. If m; = @ and s; gives
bad news (high 6;), the term is positive since the firm j is reacting to the average cost, producing
less than it would have produced with perfect information. Conversely, concealed good news gives
a negative distortion. Second, notice that the expected equilibrium output level is independent

of the information acquisition and information sharing variables:

= Esz-,mi {ESj,m]' [J;;‘(,g” mi,mj)]} = 4_7162 ( (2 - 5)01 — 2‘9_1‘ + BE) (5)

where
B, i { Es;om; [} (s5mi,my) |} = piBs; { Bs;om, [} (535 86, m)] }+(1=pi) Bs, { Es;m; 125 (5352, my)]

and Es; m; [.] is defined likewise. Hence, information acquisition and sharing have no effect on the
average output level. They only have an effect on the output dispersion.
The expected equilibrium product market profits of firm ¢ with signal s;, and messages m;

and m; equals: 7} (si;mi, m;) = x}(si; mi, m;)?. Hence, the firm’s expected profit equals:
IL; (i, 5j; Pi, Pj) = Es;m, {Esj:mj (7 (815 M4, mj)Q]} —¢(0;) (6)

Notice that the profit function of firm ¢ is convex in its own output. This feature of the objective
function is important for our future results. It implies that firms prefer more dispersed individual
outputs. As we show below, the information sharing policies as well as the information acquisition

strategies affect the dispersion of the outputs.



4.2 Information Acquisition

In this subsection, we study the effects of information acquisition investments on firms. First,

we analyze the effects of information acquisition investments on the expected profit.

PROPOSITION 1 Firm i’s expected product market profit Es, m, {Es, m; @} (si;mi,mj)?} is: (i)
increasing in the own information acquisition investment d;, and (i) weakly increasing in the

competitor’s investment 6;.

Proposition 1(i) confirms that a firm generates a positive revenue by acquiring information.
The firm trades off this marginal revenue from investment (i.e., 0Es, m, { Es;m, 2} (si;mi, mj)?]} /06;)
against the marginal cost of investment ¢/(d;). In Proposition 1(ii) we show that also the infor-
mation acquisition investment of the competitor increases a firm’s expected profit.

Second, we analyze the relationship between the information acquisition incentives and the

information sharing policy.
LEMMA 1 The expected profit 11;(8;, 6;; ps, pj) is supermodular in (3;, p;).

In other words, for p; > pj, the profit difference II;(d;,05; pi, pj) — i(8s, 053 pj, pj) is weakly
increasing in d; for all J; and p;. This implies that information-sharing firms have a greater

incentive to acquire information than concealing firms.

PROPOSITION 2 Firm i’s equilibrium information acquisition investment, &7, is: (i) independent

of the competitor’s information sharing choice, p;, and (ii) increasing in the own choice, p;.

Proposition 2(i) is due to the independence of the firms’ costs and signals. The next section

analyzes incentives of firms to share information, and gives intuition for Propositions 1 and 2(ii).

4.8 Information Sharing

For a given precision, information sharing is a dominant strategy for a firm (Gal-Or (1986),

Shapiro (1986)). We confirm that sharing information is also a dominant strategy in our model.

PROPOSITION 3 The expected profit 11;(03, 853 pi, pj) is increasing in p; and p; for all (6;,0;).



We cannot directly apply this result since in our model the precision is not exogenously given,
but it depends on the information-sharing choices of the firms. The effect of information sharing

on a firm’s own profit can be decomposed as follows:

dll;(67, 673 pis pj) _ OIL; (67,655 piy ps) 0d; N OIL; (67,655 piy ps) ‘@4_ OIL; (67, 655 piy ps) 0. (7)
dp; 09; opi 04 pi pi
The first term of (7) is zero, since the firm chooses its information acquisition investment optimally
(i.e., OII;/09; = 0). Also the second term of (7) is zero. This follows from Proposition 2(i), which
shows that the competitor’s equilibrium information acquisition investment is independent of the
firm’s information sharing choice (i.e., 57 /0p; = 0). Finally, Proposition 3 shows that the last
term of (7) is positive. Hence, information sharing is also a dominant strategy in our model.

The propositions have another implication. We can decompose the effects of information

sharing on the profit of a firm’s competitor as follows:

dILi(57, 053 pis pj) _ OLLi(9F, 875 pi pj) 05 N O1L;(07, 673 piy ;) '@+8Hi(52‘,5§;pi,pj)
dpj 851 apj 85j 8pj apj

> 0. (8)

As before, Proposition 2(i) implies that the first term of (8) is zero (i.e., 96} /0p; = 0). The
second term of (8) captures an indirect effect of information sharing. This effect is non-negative
for the following reasons. First, a firm’s profit is weakly increasing in the competitor’s information
acquisition investment (i.e., 0I1;/00; > 0), as Proposition 1(ii) shows. Second, Proposition 2(ii)
shows that the competitor’s investment is increasing in a firm’s information-sharing probability
(i.e., 807 /9p; > 0). Finally, the third term of (8) is positive due to Proposition 3. Hence, the
overall effect of information sharing on a competitor’s expected profit is positive. This observation
implies that firms would also have an incentive to share information cooperatively (e.g., by entering
a quid pro quo agreement), since information sharing increases the industry profits.

In short, firms will share information if they are allowed to do so0.!? In the remainder of this

section we illustrate the intuition of Propositions 1-3 by means of a simple example.

10T his result may also hold in a model in which the firms would make strategic information-sharing decisions (i.e.,
they choose whether to share or conceal after receiving their private signal), and the firms’ signals are informative,
see Okuno-Fujiwara et al. (1990).

10



4.4 Binary Example

Consider a simple version of our model in which two risk-neutral firms compete in quantities
of a homogenous goods (8 = 1). There is uncertainty only regarding firm 1’s cost. Nature draws
61 from the set {#', 0"} with equal probability and sends a private signal to firm 1:

gb _ { 01 with probability d;
@ with probability 1 — é;.
Firm 2’s cost 6 is common knowledge. Information sharing policies and information acquisition

strategies are binary, i.e. d1,p1 € {0,1}.

Illustration of the Profit Results. In our binary example, we have to consider three regimes.
First, there is the information sharing regime (s), in which firm 1 learns perfectly its cost and
shares this information with its competitor (i.e., ;1 = 1, p; = 1). This allows both firms to adjust
their outputs to the true productivity of firm 1. Fig. 1(a) illustrates this. In particular, if the
firms learn that 1 = 6", then firm 1’s best response is r1(x2;0"). Firm 2’s best response is the
bold curve ra(z1;602). The equilibrium corresponds to point A. Similarly, if the firms learn that
6, = 6', then firm 1 expands its output by adopting best response r1(ze; Ql) while firm 2 reduces
its output, and they reach equilibrium point B. The output adjustments of the firms create output

dispersion Az§ = 25(0') — x5(0") for firm 1, and dispersion Ax§ = z5(0") — x5(6") for firm 2.
X1 I T

ra(x1; 02) ro(x1;02)

T1 (xg; Ql)
r1(z2; E{01})
T1 (afg; Qh)

(e 0)  gn
E{ri(z2;61)}
7’1(%2; Qh)

L
z5(0)  a3(0") T2 z$ T2 xh T2

Fig. 1(a): regime (s) Fig. 1(b): regime (o) Fig. 1(c): regime (n)

Figure 1: Equilibrium output levels

Second, in the information concealment regime (o) firm 1 learns perfectly its cost and keeps this

information secret from its competitor (i.e., 91 = 1, p1 = 0). Then, firm 1 adjusts its output level

11



to its productivity while firm 2 can only base its output decision on the average productivity of 1.
That is, firm 2 plays a best response against the expected best response of firm 1, E{ry(z2;61)}.
This gives equilibrium output x4 for firm 2, which corresponds to point E in Fig. 1(b). In turn,
firm 1 plays a best response against 29, which is (") if 6; = 0" (corresponding to point C), and
29(0Y) if 6, = 0" (i.e., point D). Fig. 1(b) shows that the dispersion of firm 1’s output in regime
(o) is smaller than in regime (s), i.e., Az = 29(6') — 29(0") < Azj. The greater dispersion in
regime (s) is due to the fact that the output adjustments of firm 2 augment the adjustments of
firm 1 towards its information. The distortion of equilibrium output (4) also captures this.

Finally, in the no information regime (n) firm 1 does not learn its cost and there is not
information to transmit (6; = 0). Uninformed firms base their output choices on the average
technology of firm 1. This gives firm 1 the best response r1(x2; E{61}), and yields the equilibrium
in point E in Fig. 1(c). In this case, there is a single output level for firm 1 (i.e., Az} = 0).

The profit function of a firm (6) is convex in the firm’s output level. Hence, firms 1 and
2 prefer regime (s) to regime (o) since the dispersions of their outputs are larger in the former
regime (Proposition 3), i.e., Az§ > Az{ and Azj > 0 = Az§. For the same token, Propositions
1 and 2(ii) are captured in this example, by comparing the increase in firm 1’s profits from the
no information regime to either the regime (s) or regime (o). These increases in profits are also
related to the increase in output dispersion. Clearly, information acquisition gives more dispersed
outputs for the firms (Proposition 1), i.e., Az] > 0 = Az} and Azh > 0 = Az} for r € {s,0}.
Moreover, firm 1’s profit increases more (and consequently the firm has a bigger incentive to invest
in acquiring information) when it moves from regime (n) to regime (s) than when it moves from

regime (n) to regime (0), i.e., Ax§ — Az} > Az{— Azf, as Proposition 2(ii) shows in general.

5 EXPECTED CONSUMER SURPLUS

Using the definition of the surplus v in (2) for a bundle of outputs (x1,x2), we denote the

expected consumer surplus for exogenously given information acquisition levels as follows:

V(6i,65;p,05) = Esymi {Es;m; [v (@7 (s13m1,m2), 25 (52; ma, m1))] }
1

* * 2
= §Esi,mi {Es]-,mj [(1:7, (Si; miamj) + J:j(sj; m]>m1)) } }

—(1—- ﬁ)ESi,mi {Esjvmj [x;k(sh my, mj)w;k‘(sj; my, ml)] } 9)
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Below we analyze the effects of information sharing and acquisition on this expected surplus.

5.1 Consumer Surplus Properties

The next proposition establishes a basic property of the consumer surplus in our framework.
PROPOSITION 4 Surplus V(8;,05; pi, pj) is decreasing in py and increasing in 8y, for any k € {i,j}.

These surplus results are consequences of the quantity adjustment effect, and the preference
for variety effect (e.g., Kithn and Vives (1995)). Below we explain and illustrate the results in

greater detail by means of the binary example.

Illustration of the Surplus Results. We return to the binary example of section 4.4. Figure

2 illustrates the first part of Proposition 4 by comparing the surpluses in regimes (s) and (o).
I P

s |
A:Bl T1($2; 01) I
|

|

E{ri(z2;61)}

i (22 0%) IRHEHE RN

- X7 X; X7 X7 X
Fig. 2(a): Equilibrium Output Variability Fig. 2(b): Effects on consumer surplus

Figure 2: Consumer surplus and information sharing

In our example, where goods are homogenous, only the first term of (9) matters. As a conse-
quence, the consumer surplus is simply increasing in the dispersion of the total industry output
since it is a convex function of zj + 5. Figure 2(a) illustrates that the dispersion in industry
output is lower in regime (s) than in regime (o), since AX® = Az§ — Az < Az = AX° In
words, output adjustment by firm 2 in the information-sharing regime, countervails firm 1’s ad-
justment, which creates lower variability of industry outputs than in the concealing regime. Fig.
2(b) illustrates how a lower dispersion of output in the regime (s) leads to a lower consumer

surplus than in regime (o). The areas L and G represent respectively the loss (when 6; = ') and
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the gain (when 6; = 0") between regime (s) and (0), and it is clear that area L is larger than area
G. Hence, on average consumers are worse off in regime (s).

The illustration of the second part of the proposition is direct in our example, given the
convexity of the consumer surplus function. There is no dispersion of output in the no information
regime (n). Hence, the consumer surplus is lower than in either regime (s) or (o). These effects,
related to the first term of (9), capture the quantity adjustment effect (Kiithn and Vives (1995)).

Notice that the second term of (9) is related to covariance of the firms’ output levels and
conflicts with the effects illustrated in the example and the statement of Proposition 4. Sharing
information and acquiring information both reduce the covariance of firms output which increases
consumer surplus. This is called the preference for variety effect (Kithn and Vives (1995)). The
proof of Proposition 4 shows that the quantity adjustment effect due to the first term of (9)

dominates this second effect.

5.2 Consumer Surplus Trade-off

The effect of information sharing on the consumer surplus can be decomposed as follows:

dv (05,055 pispj) OV (67,055 pisp5)  05F  OV(0F,07;pispj) 005 OV (67,055 pi, )
pn = 96, o a9, o T o - (10)
This decomposition yields an interesting trade-off. On the one hand, information sharing has a
negative direct effect on the consumer surplus, as we show in Proposition 4. The last term of
(10) captures this effect (i.e., 9V /0p; < 0). Therefore, if the precision were exogenously given,
then information sharing should be prohibited. On the other hand, information sharing has a
positive indirect effect on the consumer surplus. It increases the incentives to invest in information
acquisition (i.e., 9;/0p; > 0 as Proposition 2(ii) shows). Higher investments increase the expected
consumer surplus (i.e., 9V/99; > 0 by Proposition 4). The first term of (10) captures this positive,
indirect effect. The second term of (10) is zero, since 967 /0p; = 0 by Proposition 2(i).
Hence, when the signal’s precision is not exogenous, but determined endogenously by informa-
tion acquisition investments, the antitrust authority’s choice (between allowing and disallowing
information sharing) should depend on the trade-off between these two conflicting effects. In fact,

it is possible that the second effect outweighs the first effect, as we illustrate below.
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Illustration of the Trade-off: Information Sharing May Increase Consumer Surplus.
In the example of section 4.4, the expected consumer surpluses under information sharing (p; = 1)

and concealment (p; = 0) are, respectively:

1
V1) = 5 (0uFa, {[@1(00 01, 02) +@5(02: 02,00 | + (1 = 81) [27(25 2, 0) + w1(0: 02, 2)]°)
1
V(6150) = 5 (01 {[21(01:2,0) + 030302, ) } + (1 = 81) [w(25; 2, 02) + 21 (023 02, @)
We illustrate these surpluses by means of Figure 3. The figure illustrates that information sharing

decreases the surplus (i.e., V(01;1) < V(41;0) for any 6;), and information acquisition increases

the surplus (i.e., V(1; p1) > V(0; p1) for any p;), as Proposition 4 shows in general.

Vi
V(1;0) V(41;0)
V(1;1) PV (d1;1)
V(0; p1) :
0 Il 01

Figure 3: Trade-off for consumers

Figure 3 suggests that the indirect effect of information sharing may be the dominant effect.

The next proposition gives a condition such that our example delivers this result.

PropPoOSITION 5 Consider the binary example of section 4.4 with the cost of acquiring information

c(0) =0 and ¢(1) = A. Then V(5;(1);1) > V(57(0);0), if LT <« \ < @00,

Whereas the direct effect of information sharing generates a lower surplus for given investments
in information acquisition than concealment (i.e., V(d1;1) < V(d1;0) as illustrated for 61 = 1),
the indirect effect favors information sharing. When A satisfies the condition of Proposition 5,
firm 1 acquires information only if it is allowed to share information, i.e., 6;(1) =1 > 0 = §7(0).
This favors information sharing, since the more information firm 1 acquires, the larger the surplus
(i.e., V(1;1) > V(0;1)). The indirect effect dominates, since V(1;1) > V(0;1) = V(0;0).

hi l 2 . . . .
By contrast, if A is lower than ® 169 ) , firm 1 always acquires information, and then the direct

effect implies that V(1;1) < V(1;0). If A is larger than (9h591)27 the firm acquires information

neither with information sharing nor without it, and then V(0;1) = V(0;0).
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6 EXTENSIONS

In this section, we extend our analysis in three directions. First, we allow for more than two
firms. Second, we analyze the effects of competition in prices (Bertrand competition) instead of

outputs. Finally, we discuss the effects of introducing correlation between the firms’ costs.

6.1 Oligopoly

Our model assumes that there is competition between only two firms. This is without loss of
generality, since an oligopoly model yields qualitatively identical results.
In a model with IV firms and goods, with N > 2, the representative consumer’s gross surplus

from consuming bundle (z1,..,zy) is:

N L (N 2 1
u(ml,..,xN)EaZa:g—§<ng> —(1-p ngZxk
/=1 /=1

=1 k£l

l\D

As before, the inverse demand function for good i is linear: Pj(z;,z_;) = a—z;— > i Ti» where
x_i = (T1,.., Ti—1, Tit1,.., TN ). Firm ’s profit of producing quantity x; is simply m;(z;, x_;;6;) =
[Pi(zi,x_;) — 0;] z; for i = 1,.., N. For any combination of messages my, .., my, firm 7 with signal

s; maximizes its expected profit, which yields the following first-order condition:

wilsi) = 5 (0= B{Olsit = B, Blay(sy)lms}) (11)

fori,j =1,..,N with j # i. Solving the system of equations (11) for i = 1, .., N gives the following

equilibrium output level of firm i (for 7,5 = 1,.., N with j # 4):

T
2+ N -1)pl2-p)

ﬁ(si;mz‘, m—i) =

(2= B)a — 2+ (N = 2)B|E{0i]s:} + B> E{0;m;}
JFi

2
8 [E{GiISi}—E{Hilmi}O, (12)

+(N — 1)7
where E{0;lm;} = Es{E(0;|si)lm;} and m_; = (ma,..,mi—1,mit+1,..,my). As before, infor-
mation concealment creates a distortion, as captured by the last term of (12). This distortion
dampens the sensitivity of the equilibrium outputs to the precision of information, which gives

supermodular expected profits, and equilibrium strategies as in section 4 (see Appendix B).
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The consumption of the bundle (z1, .., zx) gives the representative consumer a net surplus of:

N N 2 N
v(x1, . xN) = u(T1, .., TN) — ZPz(acz,:L‘,l):lcZ = % (Z w) - (1-p5) Z:L‘gZxk . (13)
i=1 =1 (=1 kA

As before, the first term captures the quantity adjustment effect, and the second term is related
to the preference for variety effect. This gives essentially the same trade-off for consumers as
we described in the duopoly model. In Appendix B we show formally that the same qualitative

results emerge with more than two firms.

6.2 Bertrand Competition

We briefly consider the model where firms choose prices, p; > 0 for i = 1,2 (Bertrand com-
petition), instead of output levels. The system of inverse demand functions gives the following

direct demand function (for 7,5 = 1,2 and i # j):
1
Di(pi,p;) = 1_—52<(1 — B)a+ Bp; —pz') (14)

Firm ¢ maximizes its profit m;(p;, p;; 0;) = (pi — 0;)Di(pi, vj)-

6.2.1 FEquilibrium Choices Fach firm chooses its price on the basis of its own informa-
tion, s;, and the information received from its competitor, m; € {s;,@}. We adopt the same
notation for conditional and unconditional expectations as before without making explicit the
dependence of s; on ¢;.

For any combination of messages m; and m;, firm 4 with signal s; maximizes its expected

profit, which yields the following first-order condition:

n(s) = 5( (1= B+ E(BIs) + 55 s)m) (15)

for 4,7 = 1,2 with ¢ # j. Solving the system of equations (15) for ¢ = 1,2 gives the following

equilibrium price of firm ¢ (for 4,j = 1,2 with 7 # j):

2
pi (si;mi, mj) = 4_7152 <(2 + B)(1 = B)a+ 2E{0;|s;} + BE{0;|m;} — — [E{0:]s:} — E{9i!mz‘}]>

2
(16)
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where E{6;|m;} = Eg,{E(6;|si)|m;}. In equilibrium, firm 4’s output level and profit relate as
follows to the equilibrium price-cost margin:

pi(si;ms, my) — E{0;]s;}
e and
(e N — E10:1s: 112
wh(sism,my) = L) B (18)

1— 2

af(si;mi my) = (17)

respectively. Hence, the expected profit of firm ¢ is:

1 *
T (05,053 pis ) = 75 Bvsams { Boyamy |0 (s53mamy) = E{O]si})?| } = e(6)  (19)

1-p
These equilibrium profits determine the firm’s incentive to acquire and share information. In

particular, we can show the following property (see Appendix B).
LEMMA 2 The expected profit 12(8;, 8;; pi, pj) is submodular in (8;, p;)-

In other words, for p; > p}, the difference I1;(8;, 05; pi, pj) —1i(8s, 055 pl, pj) is weakly decreasing
in 9; for all 6; and p;. This implies that information-sharing firms have a smaller incentive to
acquire information than concealing firms. Notice that this is the reverse result of Lemma 1.
As it turns out, this property reverses the indirect effect of information sharing on the expected

consumer surplus.

6.2.2 Consumer Surplus The qualitative properties of the expected consumer surplus
in equilibrium are identical to those in Proposition 4 (see Appendix B). This gives the following
overall effect of information sharing on the expected consumer surplus. For a given precision of
the firms’ signals, information sharing decreases the expected consumer surplus. This is a direct
effect of information sharing. Moreover, information sharing reduces the firms’ investments in
acquiring information (Lemma 2), which reduces the expected surplus even further. In other
words, the indirect effect reinforces the direct effect of information sharing on the surplus when

firms compete in prices.

6.3 Correlated Costs

We have analyzed an independent private value framework. In this framework, information

acquisition creates an indirect effect of information sharing on the consumer surplus. This gives a
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trade-off between a negative direct effect and positive indirect effect. Now we briefly discuss the
effects of introducing cost correlation.

Analyzing a model of imperfect positive correlation is complex, for the reasons mentioned
below. However, it is tractable and illuminating to analyze a setting in which firms have perfectly
correlated costs. In such a situation, information sharing also yields a trade-off between a direct
and indirect effect on the consumer surplus. However, as Figure 4 illustrates, the directions of

both effects are reversed.

PO 5°0) o

Figure 4: Perfect positive correlation

Vives (1984) shows that the direct effect of information sharing on consumer surplus is positive
(i.e., V(0;1) > V(8;0) as Figure 4 illustrates for § = 6*(1)). The paper shows that, with perfect
correlation, the dispersion of the industry output is larger when both firms adjusts their output
levels to a common cost shock (similarly to a common demand shock). Information sharing also
creates an indirect effect, as in the model with independent costs. Vives (1984) also shows that,
similarly to present model, the more accurate is the firms’ information, the larger is the consumer
surplus (i.e., V(d;1) and V(0;0) are increasing in ). Previously, information sharing gives the
firms a greater incentive to acquire information, since the output adjustments of the competitor
increases a firm’s own output dispersion. However, the more correlated are the firms’ costs, the
less important is this effect. In addition, cost correlation creates a free-riding problem, since firms
may use the information of their competitors to learn about their own cost. Jansen (2008) shows
that with perfectly correlated costs the free-rider effect dominates, and sharing information about
a common cost parameter leads to lower information acquisition investments (6*(1) < 6*(0) as in

Figure 4). Therefore, information sharing has a negative indirect effect on the consumer surplus.*!

117p fact, it can be shown that in the model corresponding to the binary example, the indirect effect can dominate
the direct effect of information sharing, as Figure 4 illustrates.
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In other words, the introduction of perfect cost correlation reverses the direction of both the
direct and indirect effects compared with independent private value setting. This make the task
of analyzing an imperfect correlation framework very difficult, since it is likely that the signs of
the direct and indirect effect are going to depend not only on the degree of cost correlation but

also on the information structure that we use to set up the model.

7 CONCLUSION

We have shown that the incentives of acquiring information are larger when firms in a Cournot
oligopoly are allowed to share information. A higher information acquisition investment increases
the consumer surplus. These observations have important implications for an antitrust author-
ity’s choice between allowing and disallowing information sharing. Whereas conventional wisdom
predicts that information sharing reduces consumer surplus, our observations predict a surplus
increase from information sharing. Overall, the trade-off between the positive and negative effects
of information sharing can make the consumer surplus larger when firms are allowed to share
information.

In the paper we used the expected consumer surplus as welfare measure. This enables us to
distinguish the effects on firms from the effects on consumers. A more general welfare measure
would be a weighed sum of consumer surplus and producer surplus (i.e., industry profits). The
adoption of such a general welfare function would not change the main conclusion of the paper,
since information sharing gives a positive indirect effect on the producer surplus too. Information
sharing gives higher information acquisition investments than information concealment (Propo-
sition 2(ii)). The higher investment under information sharing increases the industry profit gain
from information sharing (Proposition 1(ii)). In other words, the indirect effects of information
sharing on consumers and producers are aligned, and favor information sharing.

Finally, we want to stress that we have undertaken the analysis using general information
structures and new information orderings based on dispersion measures. This methodological
approach allows us to show that our results and the results of previous literature crucially depend
on the convexity of consumers’ and firms’ objective functions over output, as well as on the effect

of information on the dispersion of equilibrium output.
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A APPENDIX

We make repeated use of the following result.

LEMMA 3 If 6 ranks signals according to Integral Precision, then the variance of E; [0\5’?] s in-
creasing in 9.

PrROOF OF LEMMA 3:

The variance of F;[0]S?] is equal to: Var(E;[0]S?9]) = E{(F;[0]S?] — 6;)}. Given that (E;[0]S?] —
0;)? is a convex function of F;[]S?], the result is a direct implication of the definitions of the
convex order and integral precision. W

Notice that: Var(Ei[0]S9]) = E{(E;[0]S?] — 0;)2} = E{Ei[0]S?]2} — @ . Then, by Lemma 3,
E{E;[0]S?]?} is increasing in 6.

For the proofs of Lemma 1, and Propositions 1-3 it is convenient to rewrite the expected profit
(6). First, by using the definition of z(s;; m;, m;) in (4), we can rewrite E, { Es; m, [z} (si; @, m;)?]}
as follows:

Es, {Es;m, [x?(5i3®’mj)2]} = b, {ESjamj [(w;‘(si;si,m]) (46 32) [E{0;]s:} — T) ] }

= By {Es;m, [} (si;5:,m5)]}
62 _ 52 _
+mESi {[E{Gilsz'} —0;] s, m, [2xf(si; Si,mj) + ) (E{6;]si} — 91)} }
= Esi {ESJ m; [{IZ:(SZ, Si’mj)2]}

T [Bs) =) (1~ -+ 495, - 5 - (5 PE(0Is)) |
2 2
= B { By, [l Csismy )} = Ty (B {E 01} - 82) (20

In this last simplification, we use the property that Ej, {E [0i]si] — H_Z} = 0. Then, any constant
multiplied by Ej, {E [0;s:] — 9_2} is also equal to 0. Second, we can rewrite Ej, p, {2} (s:; m;, @)%}

<x;(8i;mi’5j) 4%2 [E{6;]s;} — H)QH

as follows:

Esi’mi{x?(si; M Q)z} = Es;,m, {Esj

— s“ml {ES] Szam178j)2]}
_$Esj {[E{9j|5j} = 0;] Esim, [QQJf(Si?mi’Sj) 4 5[3’2 EAG1s3} =0, ]H
= Szamz {ESJ 817m178])2]}
g

- m&j{ [E{0)]s;} — ;] (2(2 — B)a —40; + B [B{0;]s;} +97}> }

= By {Bs, [ (s55mi,55)%]} — (4 _BB2>2(ESJ. {E[Qj’Sj]2}_9_j2>- (21)
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As before, in the last two simplifications, we use the property that Fj, {E [0;]s5] — @} = 0 for

any j. Using (20) and (21), the expected profit (6) simplifies as follows:

(0,055 i, p5) = pis, { Bsyomy [t (si3 51,m5) %1} + (1= pi) By, { Bsj oy [ (539, m5)°] } — e(67)
B8-5%

= By, {Es;m,[z}(si; @,mj)Q]} + szvar(Ein?]) —¢(6;)
= ijSi {ES]' [$:(827 a, Sj)2]} + (1 - pj)ESi {x;k(sla d, ®)2}
2 22
P Var(EBISE) — c(6)
2
— Bu{ai(sa2,0P) + 0 (25 ) V(B BIS])
2 (a2
pi%\far@ 0157 — c(6:). (2)

PROOF OF PROPOSITION 1:
Using (4), we can rewrite the first term of (22) as follows:

2
B (el .0f}) = =B, {(<z - B)a 2+ 585~ 5 (1= ) [B{61s) -] }

_ <(2_6)Z:;§+66_j>2+i£?&{[E{Hi|si}—9_i]2}. (23)

In the last simplification, we use the property that Es, {[E{6;|s;} —6;]} = 0.

(i) Lemma 3 implies that (23) is increasing in ;. Further, the second term of (22) is independent
of 6;, while the third term is increasing in 6;. Hence, I1;(d;, 6;; pi, p;j) + ¢(6;) is increasing in J;.
(ii) The second term of (22) is (weakly) increasing in 0; by Lemma 3. The remaining terms are
independent of 6; (see (23) for the first term). Hence, II; is weakly increasing in §;. B

ProOF OF LEMMA 1:
For any p;, p; € [0,1], expression (22) gives:

2 8 — 2
IL;(64, 653 pi» ps) — (4, 055 i, ps) = (pi — Pg)ié_—ﬂf)g)vaf(@[msf])-

For p; > p}, this expression is increasing in ¢; by Lemma 3. B

PROOF OF PROPOSITION 2:
(i) We want to show that 9%I1;(8;, 6;; pi, pj)/(08;0p;) = 0. It follows from (22) that:

aHi(&g;]; piPj) _ <4_/652>2 <Esj {E[Hj\SjP} —6_j2>.

As 011, /0pj; is independent of ¢;, we have mﬁ%ﬁf—w = 0 which concludes the proof.

(ii) The result follows from Theorem 4 of Milgrom and Shanon (1994) and Lemma 1. l

22



PROOF OF PROPOSITION 3:
It follows directly from (22) that:

oL (9i, 655 pir pj) 52(8_B2)Var(Ei[9|S§]) > 0, and

o - 52P
OLL; (04, 055 piy pj 2
( 8}(; Pis Pj) _ (4 _652> Var(Ej[9|S?]) >0

PRrROOF OF PROPOSITION 4:
The expected consumer surplus can be rewritten as follows (for 7,5 = 1,2 and ¢ # j):

VO = B { B, [ (a2 s5m9) 5 s = (1= i s s )|

1
+(1 = pi) Es, {ESj,mj [_

* * 2 * *

Differentiating with respect to p; gives (for 7,7 = 1,2 and i # j):

oV 1 2 " " 2
o, = §E8i {Esj,mj {(x:‘(sl, s, mj) + x;f(sj;mj, sl)) — (mz (si; @, mj) + xj(sj; mj, @)) ]}
(A

—(1 - p)E,, {Esj,mj [J}:(S“ si,mj)x;f(sj; mj, ;) — x; (845 2, mj):nj(sj; mj, @)]} (24)

The first line of this expression can be simplified by using the following for m; € {s;, @}:

2

= E {Esj,mj [(xf(si;si,mj)—i—x (sj5mj,si) — B((f 562)) [E{G lsi} — T) ]}
= £, {Es]-,mj [(a:;"(sz, si,my) + 2 (s5;m5, si))Q} }

p e e BE{6i]si) — 6]
_2(2 +B)Esi {[E{&Asz} —0_14] E; m; [2 (ar:Z (si58i,mj) —i—a:j(s],mj,sz)) — 221 9) ] }

- E, {Esj,mj [(x;‘(si; simy) + @ (s53my, si)ﬂ } + %E& {[E{@ASZ} - 97-}2} (25)

The second line of (24) can be simplified by using the following for m; € {s;, @}:

Es, {Esjmj [ajz‘(sl, a, mj)x;f(s]-; m;, @)] }

_ oy BB O] (L B[E{i]si} — O]

2[E{0;]si} — 0;
= E {Esj,mj [a:;"(si;si,mj)x;f(Sj;mj,si)]}—i—ESi {5 [2({4 —|55}2) ]Esj7mj [z;(sj;mj,si)]}

B[E{0]s:} — 0; . 3 _
—FE;, { [ {4 _| 5}2 ]Esj,mj (27 (si3 Sumj)]} - ﬁf?gi { [E{0i]si} — 9@']2}
28

= By {Bayam, [ (55500m3)25 5555, 0]} + 7= oy B, { [E{0si} - 0]} (26)
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Substitution of (25) and (26) for m; € {s;,d} in (24) gives:

ov._ _1.5e+h 151 7 23 P
i T e L (LG i R O T R (L
— 2 .
= s |00 (1-5) —a0-0)| B { [t 7T

_52 52

= g (1 F) B B0 -1} <0

To prove that the expected surplus is increasing in d;, it is sufficient to show that all terms of
V' are increasing in §;. First, we show the first term of V is increasing in §; by rewriting its first
component as follows:

[N
i
»
—
t
o
3
| — |
—~
K
=%
—~
V)
s
»
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&
SN—
+
8
ox
—~
V)
<8
&
V)
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S~—
~

o
| I
——

_ 2 2
- % (%) Ey, {Esj,mj [(204 — E{6;|si} — E{0j]s;} — g [E{0;]s;} — E{Gﬂmﬁ]) ] }

1 B 2
= —2(2 T 6)2Esi {Esj,mj [<20é — E{Gj‘Sj} — 5 [E{(%’S]} — E{@W@}])

-2 (20 B0} - § 1B} - BOm)) B0l + B85

Notice that only the last term depends on 8; (i.e., Ey,{E [0;|si]*}), and is increasing in §;. This
2
immediately implies that %ESZ. {Eshmj [(wf(si;si,mj) —i—:v;f(sj;mj,si)) ]} is increasing in ;.

The remaining component of the first term equals:

(1-pB)E;, {Esj’mj [m;“(sz, si,mj)a:;f(sj; mj, sz)} }

= ﬁEsi{Eswmj -<(2_/B)a_QE{9i|8i}+’BE{9j|mj}>
L 2
; <(2 ~ B)a—2B{0yls;) + BELG]si) + T [B615;} - E{(’j‘mj}]ﬂ }
= ﬁE‘si{E‘symy‘ -<(2_B)O‘_2E{9i|81}+6E{0j|mj}>

) ((2 — B)a— 2E{0;]s;} + %2 EA0;lsi} = E{ej‘mj}]ﬂ }
B(1-7)

. mE{ E{0i]5:} Eq, m, [(2 —Ba+ ﬂE{@ﬂmj}} - 2E{9¢|sl-}2}

Again, only the last term depends on ; (i.e., E,,{E [0;]s;]*}), and is increasing in §;. This immedi-
ately implies that (1—f3)Es, {Esj,mj z} (i3 Si, mj)z;(s;;my, si)| ¢ is decreasing in §;. Subtracting
the latter component from the former component immediately implies that the first term of V is

increasing in 9;. It is straightforward to show that the second term is also increasing in §;, by
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using the decompositions (25) and (26) in combination with the observation that the first term
of V' is increasing in ;. This proves that 0V/94; > 0. B

PROOF OF PROPOSITION 5:

We first compare the information acquisition incentives under information sharing (p; = 1) and
information concealment (p; = 0). In our binary example, the expected equilibrium profit (6)
reduces to:

I (01501) = 61 [prEo, {#1(61;01,62)°} + (1 — p1)Ep, {x}(61;2,062)°}]
+(1 = 6123 (2; @, 02)% — Ny

When firm 1 shares information, then its marginal profit from information acquisition is:
(1;1) —I0(0;1) = Ep, {x](61;01,62)° — 27(2;2,02)°} — A

2 - X ¥
= _§E91 {[91 — 91] [:pl(ﬁl; 91,02) + x; (@; @,02)]} - A
4 _ 9h _ 91 2
I AL T i Gl
9 9
Hence, in equilibrium the information acquisition choice for firm 1 with p; =1 is:
. Eeh_al)2
5;(1):{ 1, lf)\§ 9

0, otherwise

A (27)

(28)

When firm 1 conceals information, then its marginal profit from information acquisition is:

H1<1;0) — Hl(O;O) = Egl {.’L‘T(Ql, @,92)2 — QTT(@; @,92)2} -
1 _
= —§E91 {[01 — 91] [x](01;9,092) + 27(2; @,02)]} -

1 (eh o 9l)2

= “Ep {[01—6:1]6:} - A= TR, (29)

4

The evaluation of (29) gives the following information acquisition choice in equilibrium for p; = 0:

. 9}1_91)2
5i(0) = | L A< S (30)
0, otherwise

eh_el 2 eh_el 2
1f OO0 o\ <« 00

information-concealing firm acquires no information, i.e., 0;(1) =1 > 0 = §7(0). Therefore, in

, then an information-sharing firm acquires information whereas an

this case, information sharing gives a higher expected surplus:

1
VT:1) = 5B {00001, 02) + 23(02,05,00)]" |
1
> 5 [JTT(@, ®792) + x;(927927 Q)]z = V((ST(O)»O)
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B SUPPLEMENTARY APPENDIX

Here we derive the results for the extensions of the model. First, we extend the results to
an oligopoly with N risk-neutral firms that compete in quantities of differentiated goods (with
N > 2). Second, we analyze competition in prices.

B.1  Cournot Oligopoly

First, for the profit results, it is convenient to rewrite Ej, {Esﬂ.’mﬂ. [zF (84, 9, m_i)2]} as follows
by using (12):

Es, { Es_ym_i[z}(si;9,m—)?]}

_ sy + = DB [EGs) 7]
) E{Em K(m” 22+ (V- DI — ) )”
(v

N2 —1)5° 5
VI T T | B

(N —1)52 [E{0i]s:} — 6]
22+ (N -1)BI(2~-B)

= E {Es_hm_i [mf(si;si,m_

* . . .
*BEs m ;| 227 (8358, m—;) +

 1\a2
= Bo{ B aiCossom ")) + g g e (P10 -7

. !4(2 Bt 483 (N - 15— (424 (N - 28] — (V- 1)) E{e@-si}] }
g
= K {Esfi,m—i [J::(Sh Sis m*i)Q] }
(N-1)p%[4(2—-8) + (N —1)8(4 = B)] 21 72
- 12+ (N—DAPE=p) (Bo BBl } -7 (31)

In the last simplification, we use that E,, { E[6;]s;] — 0;} = 0. Then, any constant multiplied by
Es, {E [0;]si] —9_2} also equals 0. Second, we rewrite Esi,mi{Esfi,mfi[m;‘(si;mi,g,m,ij)ﬂ}, by
using (12), as

E8i7mi {Esfmmfi [fzk (Si; my, <, m*l’j)z]}

_ o BBy -] )
- Esi,ymi {Eswmz [(wl (S“m“sj’miw) N [2+ (N— 1)5](2—/8)> ] }

= ESmmi {E —i,M— [37?(31, mi, Sy, m—ij)2]}

T R2r(N- 1?5]2(2 _ B)QESJ{ [E{0)1s5} = 05] Es_jm_, [(2(2 — B)a —2[2+ (N — 2)B]E{0i]s:}

/32

4283 E{fulmn} +2(N — D [B{6i]si} — B{ma) + 6 [B{0 \SJH@])H

= Siymi {Es—ivm—i [xz (si; mg, Sy, m*ij)Q]}
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a [2+(N—f)6ﬁ]2(2_5) {[E{H |55} = T< (2—B)a—[2+ (N —2)5)0;

— B
+ ﬁ Zh#i,j 9h +§ [E{9]|S]} =+ m) }
i 151210 — 72
2+ (N —1)82(2 — B)? <E3j {E[051s;]"} - 0; ) - (32)
In the last two simplifications, we use the property E, { [E{9h|sh} — %] } =0forany h=1,..,N.

= ESi,mi {Esfiymfi [x;k(sl’ My, Sj, m*ij)Q]} -

Using (31) and (32), we can rewrite the expected profit II; as follows:
IL;(8i, 0—3; pi p—i)

= pEs, {Esﬂ.,mﬂ. [x7 (843 84, m_i)z]} + (1 — p)E, {E57i7m7i[xf(si; @,m_i)2]} — c(6;)
= F {E57i7m7i[xf(si; @,m_i)Q]} — (&)
N-1)B2[42-8)+ (N —-1)3(4—
(2= D51+ (Y= 0304~ )
= pibs, {ESJES im—is |3 (8339, 85, M m)g]}
+(1 — pj) Es, {E iimei [wz (si; @,@,m,ij)Q]} — (&)
(N -1 [4(2 = B) + (N = 1)B(4 = B)]
A2+ (N - 1)B]2(2 - B)?

— Esi {Es,ij,m,ij [J:;((S’H @, ®7 m*ij)Q] } + ’0.7

+pi

Var(E;[0]S7])
/82
2+ (N -1)BP(2-p)?
(N-1)82[42—-8) + (N —1)B(4 - B)] } ,
_ ‘(g g2
= ..=E,{2(5:;9,..9)*} + 2T (N = DBR2 = 3" Zp]Var 9|S‘5])

J#i
(N -1)B*[4(2 = B) + (N —1)B(4 - B)]
A2+ (N - 1)B]2(2 - B)?

+pi

Var(E;[6]57))

+pi

+ pi Var(E;i[6]S7]) — ¢(6;) (33)

PROOF OF PROPOSITION 1 FOR OLIGOPOLY:
Using (12), we can rewrite the first term of (33) as follows:

2
By {2} (5;9,..,9)?} = ([2+(N—i)ﬁ](2—ﬁ)> Esi{<<2—6)a—[2+(N—2)ﬁ]67

2
LT 52+ (V- 03] @2 5) [B(8Is) -7 ) }

JF#i
((25)a[2+(N2)ﬁ]9_i+BZQ_j)2
+

j#i
2+(N-1pI(2-5)

E, {[E{Hi\si} —97]2}.

= =

In the last simplification, we use the property that E, { [E{9l|sl} — m} = 0. Lemma 3 implies
that Ej, {:p;“ (si; 9, .., @)2} is increasing in d; and independent of §;.
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(i) The first and third terms of (33) are increasing in d;, while the second term is independent of
d;. Hence, 11;(0;, 85; pi, pj) + ¢(0;) is increasing in 6;.

(ii) The second term of (33) is (weakly) increasing in 0; by Lemma 3. The remaining terms are
independent of §;. Hence, II; is weakly increasing in ;.

PRrROOF OF LEMMA 1 FOR OLIGOPOLY:
For any p;, p; € [0,1], expression (33) gives:

(N-1B2 AR - B) + (N —1)B4 - B)]
A2+ (N -1DBP2 - p)?

For p; > p}, this expression is increasing in ¢; by Lemma 3. B

Var(E;[0]S7]).

11 (05, 6—i; pi, p—i) 1L (83, 0—s; P, p—i) = (pi—p5)

PROOF OF PROPOSITION 2(i) FOR OLIGOPOLY:
(i) We want to show that 011;(;, 6_s; pi, p—i)/(08;0p;) = 0 for any j # i. It follows from (33)
that (for any j # 1):

O (64,045 pi, p—i B 2 -
1T, ( apjp p ):<[2+(N—1)6](2—B)> (Esj {E[ejysj]2}_9j2>.

As 911;/dp; is independent of &;, this gives 02I1;(;, 6_s; pi, p—i)/(08;0p;) = 0 for any j # i.

PROOF OF PROPOSITION 3 FOR OLIGOPOLY:
It follows directly from (22) that:

anz(éz,c;_p:p,,p_z) W 115 H( 6) % 1;)2( O ar(E4(015%]) > 0, and
anz(éz,gp:m,pz) _ <[2+(N )Var(Ek 6]57]) >

for any k #i. R

After substitution of the equilibrium output levels in the expected consumer surplus (13), we
obtain the following (by slightly abusing notation):

V((sv P) = Esi,mi {Es—hm—i [U (xi(sl; mi, m—l)v - x?V(SNQ mn, m,N))]}
2
1
- §Esi7mi {Esl,ml x;k (Si; mg, m—i) + Z x}‘(s]-; m—gq, mz)
J#i
— (1= )} (si;miym_q) > a5 (s53m_s,m;)

J#i

—B8)Y ai(siimi,ma) | 2} (ssmi,m_i) + Y wh(snimi, m) (34)
J#i h#i,j
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PROOF OF PROPOSITION 4 FOR OLIGOPOLY:

The expected consumer surplus (34) can be rewritten as follows (for i,j,h =1,..,N):

2
+ E :I: 5_]’ ’L’SZ
JFi

x5 (s;;m

o} (si si,mog) + Y wh(snsmi, s:)
hti g
2

+(1=pi)5Es; § Bs i | | 1 (s652,m5) + Y af(sjsmi, @)

1
V() = IOZ'EESz‘ Es,i,m,i 52a517
- (1 - /8) 817517 Z
JFi
Zx Sj7 l)Sl
J#i

1

2
—(1=pB)x;(si; &, m— Z

J#i

- 8))_wj(s53m—i, D)

JFi

Differentiating with respect to p; gives (for i,j =

oV 1
apz = EESZ Esfi,m,i S’La S, TN

J#i

xk s],m z,@

zi (839, m—;) + Z zp, (Sh; m—i, D)
h#i,j

1,..,N and i # j):

+ E 23 Sj7 ZaSl
JFi
2

— | @i (s 2,m0) + Yl (s55m i, @)

JF#i

_(1_/8) 81,57,7 E LIZ' 5]7 —1782 - S’lagm E LIZ' Sjvmja

J#i

—(1-75) Zx sjsm_s, 8;) |
JFi

=Y wsim o, 2)

JFi

J#i

F(sissi,m_;) + Z xy, (Sh; M—i, 5;)

h#i,5

i (5559,m-5) + Y @h(sn;m—i, D)
h#t,5

The first two lines of this expression can be simplified by using the following:

B, {Esi,mi [(xj(sla g, m—i) + Zj?'fi $}<(8j; m—

= Esi Es,i,m,i S’L7 SZ? + § ;U
JFi

)
(N —1)3 [E{0i]s:} — 0]

i) = TR (- 1A

29
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= FE, {Es,ml [( (843 8i,m +Zj . O u«M)T}
S22 (j_v(]:] 1_)61)5] ESz‘{ [E{0i|s:} — 0]

(N —1)3 [E{i]s:} — 0i]
*Bsim 2< (543 5, m. +Z# jlszm 1’5”')) 22+ (N-1)8] ]}

- B, {Es_,-,m_i[ (si5 56, m +Z; 4% (853m )ﬂ}

(V-1 + (N = 1]
R g e LB} 87 (36)

The third line of (35) can be simplified by using the following:

Eo {Be . (20553 2,m ) 0 (s5m 0, 0)| }

. " (v - 1) ({15} ~ 7]
- {E’"K“m“ 22— AR+ (N - D] )

. _ (N=1)B[E{6isi} - 0]
(Z#l w5 2-p)2+(V-1)8] )] }

= By { B [ai(ssim) Y ai(sima )] |

(N = DB [E{bi]si} — 6] B Ko ) — (s s s
+ES"{ GBI (N=D)F Le-wm- {2 Zj#ixj(sj’ —ir @) — @i (555 _’)]}

= E {Es,i,m,i [x;(SiQSiamfi)Zj;éi f;(SjEmthi)]}

(N = 182+ (N —2)5) o
+(2_/3)2[2+(N—1)ﬁ]2 B, {[E{91| it ‘91] } (37)

Finally, the last two lines of (35) can be simplified by using the following:

Eo {Bo . [25(s5im5,2) (w5(55@,m0) + S i (snim—i,2)) | }

_ e B[E{6]si} — 4]
= B {Esm K%’(Sﬂv M—i, 5) 2-pB)2+ (N — 1)6])
(V=15 - (V= 2)| B[B{6ils:} ~ 8]

x (x;((SiQSi,mi) + Z?Z(Sh;mfi’si) " 2-A)2+ NV -1)f] )] }

h#i.j

= F {Es_q;,m_i [$§(Sj;m,i,8¢) ( 5@7 S, M + Zh# h Sha —% S’L)):|}

B [E{b;]si} — 6;] B s s

+ESZ'{<2—ﬁ>[2+<N—1>mE5“”'“ K(N g = (V=) ) (esimoso

(N - 1)Z [E{6i]s:} - B .
AR (N=DF Dy Sh0-2)

—wf(si; Si>m—i) -

}
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= Ey {Es_q;,m_i {H/‘;(Sj;m—z‘,si) (Oﬂf(si; SiyM—;) + Zhﬁjﬁ(sh;m—i, Sz))”

203 —2
+(2 — A (N = 1)5]2E8i {[E{9¢|8¢} — 6] } (38)
Substitution of (36), (37) and (38) in (35) gives:
ov. 1 ((N-1)pl4+(N-1)p s 2
opi 2 < 424 (N - 1)3)2 Es, {[E{91|51} —97] }

(N - 1)B[2+ (N = 2)5] 7T
_(1_6) (2_6)2[2+(N_1),8]2 Esl{[E{eJ z} m }

2(N-1)8 1s1 72
_(1 _B) (2 _6)2[2+ (N— 1)5]2E8i {[E{ez| z} 91] })

—(N = 1)BE,, {[E{Qilsz’} —9_i]2} [(1 B

2
2(2— B)22+ (N —1)5]2 _> [4+(N-1)B] - (1= B) 4+ (N -2)8]

2
—(N =1)B2[1+ 3N -1)5?]
22 - P22+ (N —-1)B)?

E, {[E{9i|5i} —9_1‘]2} < 0.

To prove that the expected surplus is increasing in ¢;, it is sufficient to show that all terms
of V are increasing in ;. First, we show the first term of V is increasing in §; by rewriting it as
follows:

2
Ls; {Esm [(ﬂ?f(si;si»mi) 2 953?(33‘;7“71‘750) ]}

1
S Ry oDppE {ES*“”LZ‘ KNO‘ —B{tilsiy =) Blbils;)

“N DT Y ) - E{"j'mj}]ﬂ }

1 52 2
TR EER Rl | G > <E{9j|sj} — (N = D)7 [B{0)]s;} - E{9j|mj}]>

J#
§ 2
~2 [ Na=>" <E{9j!8j} — (N = 1) [E{0ls;} — E{ijmj}]> E{03]si} + E{04]s:}
J#i
Notice that only the last term depends on d; (i.e., Es {E [0;|si]°}), and is increasing in &;. This
2
immediately implies that %Esi {Eszml [(z;“(sl, Si,m—;) + Z#i x;f(sj; m_;, sl)) ] } is increas-
ing in §;. Similarly, it is easy to show that the second and third terms of V' are increasing in
0;. It is straightforward to show that the remaining terms are also increasing in §;, by using the

decompositions (36), (37) and (38) in combination with the observation that the first three terms
of V' are increasing in 9;. This proves that 9V/99; > 0. R
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B.2 Bertrand Competition

Proor orF LEMMA 2:
The proof is similar to the proof of Lemma 1. For any p;, p; € {0, 1}, we have:

IT2(6:, 655 pis p5) — 11285, 653 phy pj) = (i — z) Eg, {Eg;m, [P (si5 5i,m;)* = B (si;9,m;)*] }

52
where P’(s;,m;,m;) = pf(si;mi, m;) — E{6;]s;} is the equilibrium price-cost margin. By using
(16), We can rewrite Eg, { Es; m, [P} (si; @, m;)?]} as follows:

82 -\
E, {Esj,mj [Pi*(si; @,mj)2]} = FE;, {ESj,mj <Pi*(8i; si,mj) — m [E{@l’Sl} — 9,]) ] }

= Esi {ESj,mj [H*(si;si,mj)2]}
_5 : g YT
B ﬁz) {[E{H i} — 0i] Es;m, [QP (i3 8i, M) — CTrEE) (E{65]s:} Hl)}}

= ks {Esj,mj [P (Si;3i7mj)2]}

e e [0} ~ ) [42 + 5)(1 — o+ 45T, + 577 - (s — 359 EL0isa}])
= B (B, [P iy} + T (B (B0} - 77)

In this last simplification, we use the property that Ej, {Esj7mj [E{0;]si} — 9_1]} = 0. Then, any
constant multiplied by Es, { Es; m,[E{6i|si} — 6;]} will be also equal to 0. Therefore,

2 _ 2 _
11;(0i, 053 pi» pj) — T0i(0i, 053 o5, pj) - = _(Pi_P;)4(4ﬁ_(582)2(315_)B2)( sl{ [0 !Sz]} 9z2)
2 A2
= (- )28 v(mls?))

A4 = p2)2(1 - p?)
For p; > p}, this expression is decreasing in §; by Lemma 3 (see Appendix A). H

PRrROOF OF PROPOSITION 4 WITH BERTRAND COMPETITION:

The proof is analogous to the original proof (with Cournot competition). Differentiating the
expected surplus V' with respect to p; gives (24) for i,j = 1,2 and ¢ # j. The first line of this
expression can be simplified by using (16) and (17) for m; € {s;, @}:

Es, {Esﬁm]. [(w;“(sz, g, mj) + a3 (s5:my, @))2] }
= E {Esj’mj [(:ﬁf(sz, si, M) + x5 (855my, 8i) — 2 _6(622;216)_ 7 [E{91|51} —E]>2] }
= £, {Esj,mj [(a:;"(sz, si,my) + 2 (s5;m;, si))Q} }

B

B [E{0isi} — ;]

R ﬂ2) {[E{Q |si} — 0i] Es;m, [2 (27 (si5 85, mj) + x5 (s55my, 87)) — 20

B(8 — 28 —35%)
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E, {Esj7mj [(a:;“(sz, siymj) + 7 (s5;my, si))ﬂ } + 2= 8- 1= {[E{9 |si} — 0] } (39)



The second line of (24) can be simplified by using (16) and (17) for m; € {s;, T}
E, {Esjmj [:L"Z"(sz, @,mj)w;f(sj;mj,g)]}

_ (s s ) — B2 [E{0i]si} — 05 s ) B [E{6i|si} — 0]
= Esi{ESjvmj [( z( 1y 9%y J) 2(4_BQ)<1_[32)> ( ]( VRESRV ] z) (4—52)(1—62)>]}

? [E{6i]si} — 0 .
= E {Eswmj [:L‘Z‘(sz, Si,mj)w;(sj;mj,si)]} - £, {5(4[—{52;?1}_ 521 Es; m; [-’L'j(Sj;mj,Si)]}

=12
[ B[E{0s} — 7] o e {[Ees -7
B { A=) e (S“S“mﬂ”} - )
— ;32 _
Substitution of (39) and (40) for m; € {s;, @} in (24) gives:

ov B(8 =28 —36%) B2 - 5% 772
i <8(2 7 =) A S T 52)2> B {[E@ls} - 0]}
- s (@ s 28 -3 —sa- a2 89) £, { (B0l -0]°)

—(2(20 — 1182 —
- 8<45— (62)2(1 —ﬁﬁg)QEsi {[Blds) -]} <0

= Eq{Esm, |[z](s: Siamj)$;(8j5mj73i)] }+

To prove that the expected surplus is increasing in J;, it is sufficient to show that all terms of
V' are increasing in §;. First, we show the first term of V is increasing in J; by rewriting its first
component as follows (by using (16) and (17)):

2
%Esi {Es]-,mj |:(x;k(5’ta Si, m]) + LE;(SJ'; mg, 51)) :| }

1 (2+p)?
2 2P - ﬂ2>2E8i{ B

((1 — B) [200 = E{0isi} — E{0;]s;}]

B 2
-5 E015) - B(8m ) ] }

2
— s B | (=P R BG s - 1B 15} - B6m) )

2 (1= 9) 20— B0, 15} = § (B3} ~ E{O)m;}]) (1= ) E{Os} + (- 67 B85

Notice that only the last term depends on 8; (i.e., Ey,{E [0;|si]*}), and is increasing in §;. This
2
immediately implies that %Esi {Esj,mj [(xf(sz, i, M) + x}f(sj; mj, SZ)> ] } is increasing in §;. By

using (16) and (17), the remaining component of the first term equals can be written as:
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(1-pB)E;, {Esj,m. [m;“(sz, si,mj)a:;f(sj;mj, sz)} }

J

1-5
(4-p%)2(1 - p

(@481 B @ PEG ) + 501 - § B} - BGIm})| |

T @- ﬁ;)g(lﬁ— 52)2%{ Fayimy [( 2+ B~ Bla— (2~ ) E{ilsi} + 5E{9j|mj}>

. <<2 +B)(1— Bla— (2 - B)Bils;} — 5 [B{Oylss} - E{aj'mj}]ﬂ }

5] B, |((245)(1 = Ba = 2= BB + 5E(8;1m,)

e

T e

Again, only the last term depends on d; (i.e., Ey,{E [0;]si]*}), and this makes the second component
of the first term increasing in §;. We can obtain similar results for the second term of V.l
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