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Abstract

When demand is noisy and firms’ costs are uncertain, the availability
of market share data increases the accuracy of each firm’s information,
and it creates incentives for signaling. Taking both effects into account,
we find that under quantity competition with a homogeneous good, the
availability of market share data has a positive impact on total surplus
and an ambiguous one on consumer surplus. Under price competition with
differentiated substitutes, it has a negative impact on consumer surplus
and an ambiguous one on total surplus. If the cost difference is small, the
effect of first-period signaling dominates the effect of second-period full
information. Accordingly, in this case, the availability of market share
data causes total and consumer surplus to increase in the case of quantity

competition and to decrease in the case of price competition.

1 Introduction

How are market outcomes impacted when firms have access to more accurate
information on market shares? This question is of paramount importance for
antitrust policy and it is the focus of a lively debate on the proper handling
of information exchanges between competitors.! For the most part, economists
address this issue through the lens of the theory of collusion: many papers
attempt to identify under which circumstances the availability of more precise

market share data facilitates mutual monitoring and thus ensures compliance

*Paris School of Economics and CNRS. Email: spector@pse.ens.fr
ISee, e.g., OECD (2010); European Commission (2011).



with a tacit or explicit collusive agreement, and whether firms have incentives
to truthfully report their sales.?

This paper addresses another possible channel. We ask how better informa-
tion on market shares may affect non-collusive outcomes in a setting where firms
interact repeatedly, but with a finite horizon - in practice, the model considers
only two periods. We consider competitors whose costs are private information.
If demand is noisy enough, a firm cannot infer much about its competitor’s
actions by simply observing the market price (in a Cournot setting) or its own
sales (in a Bertrand setting). However, if market share data are available, each
firm can make more precise inferences on its competitors’ actions, and indirectly
on their costs. In such a setting, more precise information on market shares im-
plies more precise information on rivals’ costs. But this mechanism in turn gives
rise to another effect, because it creates an incentive for signaling behavior. For
instance, if firms producing a homogeneous good compete in quantities, each
has an incentive to produce more so as to convince its competitors that its cost
is low and induce them to produce less in the future. Likewise, in the case of
price competition with differentiated substitutes, each firm has an incentive to
raise prices in the first period, in order to signal a high cost and induce its rivals
to raise their prices.

Each of these two effects is well-known and has been extensively covered in
the economic literature. The contribution of this paper is to construct a simple
and tractable model that allows us to assess their overall combined impact on
consumer surplus and total surplus, in order to cast light on the desirability of
transparency on market share data.

We first consider the case of quantity competition with homogeneous goods.
As has been established long ago, with linear demand and linear costs, trans-
parency on costs causes total surplus to increase and consumer surplus to de-
crease. Also, earlier papers have shown that signalling in the first period leads
to an increase in expected output. If market share data are public, then sig-
nalling occurs in the first period, and second-period competition takes place
under full information on cost. We find the following results about the overall
effect of these two changes: if the cost differential is so high that distortionary
signaling is too costly to occur in equilibrium, then the availability of market
share information only changes second-period outcomes: market share data re-

veal costs, which has a positive impact on total surplus and a negative one on

2See, e.g., Awaya and Krishna (2020) and the references therein.



consumer surplus. If on the contrary signaling occurs in equilibrium, then the
overall impact (combining both periods) of the availability of market share data
on total surplus is positive, but the effect on consumer surplus is ambiguous.
However, if the cost gap (and hence the magnitude of the information asymme-
try and of the signaling distortion) is small, then the impact of the availability
of market share data on consumer surplus is positive. This is because, in this
case, the increase in consumer surplus caused by the signaling-driven increase
in output in the first period is much larger than the second-period loss caused
the availability of cost information.

We then consider the case of Bertrand competition with differentiated sub-
stitute products. It is already known that, in the case of linear demand at least,
the availability of cost information causes both social and consumer surplus to
decrease. In addition, signaling takes the form of price increases. These two
effects are unambiguously detrimental to consumer surplus. However, the avail-
ability of market share data has an ambiguous effect on total surplus: for some
parameter values, the signaling-driven distortion brings about a reallocation of
production towards the most efficient firm that causes total surplus to increase
in spite of higher prices, to an extent that more than offsets the second-period
decrease caused by the shift to public information on costs. An unambiguous re-
sult can however be stated if the cost gap is small: in that case, signaling causes
total surplus to fall in the first period, and the overall effect of the availability
of market share data on consumer and social welfare is negative.

This paper is related to several branches of the industrial organization lit-
erature. Several papers have assessed how market outcomes are modified when
cost, information is public rather than private - which underlies our analysis of
the second period of competitive interaction when market share data are avail-
able. In fact, our assessment of the second period is identical to that of Shapiro
(1986) in the case of Cournot competition with homogeneous products, and to
that of Sakai and Yamato (1990) in the case of Bertrand competition with dif-
ferentiated products. These two papers are part of a broader literature that
examines the incentives of oligopolists to share cost information.3

This paper is also related to the literature on simultaneous signaling. The

contribution closest to ours is Mailath’s (1989), which studies cost signaling

3See e.g., Fried, Li, Gal-Or (1986), Raith (1996), Myatt and Wallace (2015). Several papers
also analyze the case where the uncertainty is about demand rather than costs (e.g., Vives,
1984; Gal-Or, 1985).



in a model of price competition with differentiated products.* The differences
between his approach and ours are his exclusive focus on Bertrand competi-
tion (whereas we study both price and quantity competition) and the choice of
benchmark: whereas we compare the signaling equilibrium to one where, ab-
sent market share data, firms neither signal (in the first period) nor know their
competitors’ costs (in the second period), his benchmark is one where, ’for some
reason’, costs become common knowledge at the end of the first period. Other
models of signaling in oligopoly consider the case where uncertainty is about the
parameters of demand rather than costs (see, e.g., Jin, 1994). Another strand of
the literature on signaling (Bonatti et al., 2017; originating with Mester, 1992)
study signaling in long-horizon models in which the underlying uncertain param-
eters may vary, or they extend earlier approaches to supply-function equilibria
(Vives, 2011; Bernhardt and Taub, 2015). Whereas these sophisticated models
probably reflect actual markets better than our simple two-period model, they
do not easily lend themselves to the kind of comparative statics exercise that is

the object of this paper.

2 The case of a homogeneous product Cournot

duopoly

2.1 The model
2.1.1 Demand and costs

Two firms compete in two periods. Each firm’ cost is drawn from the same
probability distribution: it is either low (cz,), with probability =, or high (cg,
with ¢y > cr) with probability 1 — 7. The two draws are independent. Price
in period ¢ (i = 1 or i = 2) is given by P, = Maxz (0; (A — Q;) (1+¢)), with
A, Q; and ¢; denoting respectively the demand intercept, total output in period
i, and a demand shock with zero mean and support above -1 (it would make no
difference to assume the demand shock to be period-specific). Firms maximize
the expected sum of their profits in periods 1 and 2.

The game is as follows: in both periods, firms simultaneously set their quan-
tities. At the end of period 1, firms observe the prevailing price, and, in one of
the two variants we will compare, total output as well (or, equivalently, market

shares).

4A closely related paper is Caminal (1990).



The cost and demand intercept parameters are such that in the static Cournot
duopoly equilibrium under full information, a high-cost firm produces even if
the other firm has a low cost: ¢y —c;, < A — cp.

A key assumption is that the distribution of the demand shock is such that a
firm can infer almost nothing about total output from observing the price. This
admittedly extreme assumption implies that there is no scope for cost signaling
in the variant in which firms observe only the prevailing price, whereas there is
in the variant in which firms also observe total output (i.e., they can infer their
competitor’s output by subtracting their own ouput from the total).

Notations: ¢ denotes the expected cost (¢ =mer, + (1 — m)cy ), § denotes the
cost difference cy — cr,, and ag =x(l-— 71')(52 denotes the variance of the cost

distribution.

2.1.2 Consumer and total surplus as a function of output and costs

Let @, ¢%, and ¢® denote respectively total output, firm i’s output and firm 4’s
cost in a given period. Consumer surplus and total surplus are given by the
following equalities:

Q2

2
TS = AQ — % — ¢t — PP

implying the following equalities for expected consumer and total surplus (with

Q denoting expected total output):

_Q %
ECS = > + - (1)
Q o
ETS = (A~ )@ - % - 5L —2Cou(¢', &) 2)

2.2 Surplus under no information and under full informa-
tion

If a firm cannot infer anything about its competitor’s first period output, then,

with ¢ denoting the expected cost (¢ =mcr, + (1 —7)ep ), the equilibrium output



in each period of a firm with cost ¢; (i = H or ¢ = L) is given by

A—c+c—ci
3 2

i
ns =

This leads to the following expected values for output, consumer and total

surplus:
— 2(A—c
g, 249
—2 9
Q o2 2(A-¢) 2
E ns — - —= = —
o8 2 + 4 9 + 4
4(A=¢)® 302
ETS,s = ———+ —=

9 4
Under full information, with the notation {, 7} = {1, 2}, firm ¢’s equilibrium

output is given by

leading to
— — 2(A—¢)
qull = Qns - 3
—2
Qt 2 2(A — ¢)? 2
ECSpun = g”-&-% ( 90) —i—%

We find the well-known result that in the case of homogeneous Cournot compe-
tition, full information on costs increases consumer surplus and decreases total

surplus.®

2.3 Signaling

We assume now that at the end of the first period, firms observe their market
shares, which is equivalent to assuming each firm observes its competitor’s out-
put. Each firm now has an incentive to raise its output to signal lower costs, in

order to induce its competitor to produce less in the next period. We describe

5Shapiro (1986).



hereafter the corresponding equilibrium output levels. The equilibrium concept
we use is the subgame perfect equilibrium, with an additional selection crite-
rion, namely, Cho and Kreps’ ’intuitive criterion’ that rules out all implausible

out-of-equilibrium beliefs.%

2.3.1 Signaling equilibria

As we prove in the appendix, there exists a unique such equilibrium, which is
fully separating.

We start by calculating the gain that a high-cost firm obtains in the second
period if it causes its competitor to wrongly believe it has a low cost. A high-cost
firm mimicking a low-cost firm in the first period expects its competitor to pro-
duce % with probability m and % with probability 1—m, leading to an
expected profit for the mimicking firm (which maximizes its second period profit)
n(A- 25 —CH)2+(1—W) (A—%—CH)Q

2

of

cost, then its second-period expected profit is

. If a high-cost firm reveals its high-
w(A+cr—2ch)?+(1—m)(A—cy)? Let
5 .

A denote the difference between the former and the latter expression, that is,
the expected gain that a high-cost firm obtains in the second period if is causes

its competitor to wrongly believe it has a low cost. A few calculations show

that ) .
sets(amarss(L-e))

We first investigate under which conditions the output levels of the no-
signaling equilibrium described above can be equilibrium levels in the first period
of the game in which firms observe their market shares. Intuitively, this must be

the case if a high-cost firm finds that the first period loss induced by producing
A—c
3

gL rather than g%, (assuming its competitor’s expected output is as per

the no-signaling equilibrium) is greater than or equal to A. A few calculations

show that it is the case if 6 > ﬁ (A — cpy). This yields the first result.

Proposition 1. If ﬁ > 8%”’

market shares has only one subgame-perfect equilibrium satisfying the intuitive

then the game in which firms observe their

criterion. This equilibrium is such that firms set the no-signaling output levels

qi . in the first period, and the full information output levels q;u” in the second

6Cho and Kreps (1987). In our model, just like for others, the intuitive criterion eliminates
all equilibria but a separating equilibrium such that one firm (the 'non-signaling one’) chooses
an action (an output level - or, in the case of price competition, a price) that maximizes its
short-run profit, whereas the other one chooses an action that makes the non-signaling firm
indifferent between the two actions.



period. In this equilibrium, output and total surplus are greater than in the equi-
librium of the game in which firms do not observe their market shares, whereas

consumer surplus is lower.

The condition in the statement of Proposition 1 can be interpreted as follows.
Since A — cp is three times firms’ gross margins if both firms have high costs, it

means that the cost difference between efficient and less efficient firms is greater

than S—&l-i‘n' times high-cost firms’ gross margins (when both firms have high
costs), that is, greater than these margins since 7 < 1.

If this condition does not hold, then one can easily show that, likewise, there
exists a unique equilibrium satisfying the intuitive criterion, and this equilib-
rium is separating (see the appendix for the detailed reasoning). In the first
period, according to this equilibrium, a high-cost firm sets an output level gz
that maximizes its first-period expected profit, while a low-cost firm sets an
output level g7 such that a high-cost firm is indifferent between producing qg,
thus revealing its cost is high and inducing its competitor to produce more in
period 2, and producing g7, which reduces its first-period profit but causes its
competitor to believe it has a low cost, and to produce less. According to such
an equilibrium, after costs have been revealed in the first period, firms in the
second period set full information output levels.

Let ¢ = mqr, + (1 —7)qg denote the competitor’s expected output in the first

period of such an equilibrium. The output level maximizing a high-cost firm’s

expected first period profit is qg = HT*CH. The abovementioned indifference
condition is equivalent to
— 2
((]L - (IH) = Aa
leading to
—~ A — CH — ’/T\/K
qrL = - 3

— A*CH+(3*7T)\/E
qH = 3

~  2(A—cy)+2rVA
Q- ; ,

with @ denoting expected first period output in the signaling equilibrium. It can
be checked that if the condition stated in Proposition 1 does not hold, then @ >
Q.. (see the appendix). In line with intuition, expected equilibrium output is

greater when the information structure (i.e., the observability of market shares)



creates an incentive for cost signaling. We recapitulate this finding as follows.

)
A—CH

_4
< 8+4m’

market shares has only one subgame-perfect equilibrium satisfying the intuitive

Proposition 2. If

then the game in which firms observe their

criterion. This equilibrium is such that in the first period, a firm with a low
(resp. high) cost sets an output level equal to qr, (resp. qm) defined by the above

formulas, and the full information output levels in the second period.

2.4 Comparative statics

The above characterization allows us to assess the impact of the availability
of market share data. If the condition stated in Proposition 1 holds, then the
cost gap is so large that no signal occurs in equilibrium and the availability of
market share data only has one effect, namely, it causes each firm to know its
competitor’s cost ahead of period 2. The effect is thus the same as that of a
move from no information to full information on costs: consumer surplus falls
and total surplus increases.

In the other case (the one covered in Proposition 2), the availability of market
share information creates incentives for signaling. As a result, low-cost firms
produce more than they would in the no-signaling case, implying that high-cost
firm (which set a myopic best-response output level to the expected competitor’s
output level) produce less, and total expected output increases. Intuitively, this
should cause consumer and total surplus to increase. A short calculation shows

that this is indeed the case (see the appendix).

Proposition 3. If the parameters are such as signaling occurs in the first period

in equilibrium if market share information is available (ﬁ < 8-?4#) then, in
the first period, total expected output, expected consumer surplus and expected
total surplus are greater if market share information is available than if it is not.
As a result, overall expected total surplus (considering both periods) is greater if

market share information is available.

A corollary of this result is that making market share information available
unambiguously increases expected total surplus, whatever the model parame-
ters: if the cost gap is so large that there is no signaling in equilibrium, then
total expected surplus rises only because of the move to full information in the
second period; otherwise, it also rises because of the direct impact of first-period

signaling.



In contrast, there is no general result on the impact of the availability of
market-share information on consumer surplus. By continuity, the result stated
in Proposition 1 implies that if the condition stated in Proposition 2 barely holds
(in the sense that the cost gap is large), then the incentive for a high-cost firm
to mimick a low-cost firm is weak and the equilibrium output levels in period
1 are barely different from those in the no-signaling case: the low-cost firm’s
output level and total expected output are only slightly above their values in the
no-signaling case. If that is the case, then consumers’ second-period loss (caused
by the shift to public information on costs) dominates their small first-period
gain and, overall, expected consumer surplus falls.

However, an unambiguous result holds if the cost gap is small: if that is the

case, then consumer surplus unambiguously increases.

Proposition 4. If the cost gap is small relative to high-cost firms’ margins

( A_‘§CH << 1), then, taking both periods into account, expected consumer surplus

1s greater if market share information is available than if it is not.

The mechanism behind the proof (presented in the appendix) is quite in-
tuitive and general: the second-period expected gain induced by having the
competitor believe one has a low cost has the same order of magnitude as the
cost difference (times the margin). But a high-cost firm’s first period loss from
distorting its price to mimick a low-cost firm has the order of magnitude of the
square of the price increase. Therefore, the indifference condition stated above
implies that the first-period price increase of low-cost firms in a signaling equi-
librium has the same order of magnitude as the square root of the cost difference
(times the square root of the margin). If the cost gap is small relative to the
margin, this implies that, in absolute value, the (positive) first-period effect of
signaling on consumer surplus is much greater than the (negative) second-period
effect.

3 The case of a differentiated Bertrand duopoly

We consider hereafter the case of price competition, relying on a a symmet-
ric Bertrand duopoly model with linear demand and differentiated substitute

products.

10



3.1 The model

3.1.1 Demand and costs

The assumptions on the timing of the game and on the distribution of firms’
costs, as well as the corresponding notations, are the same as in the previous
section.

In each period, demand for product i is given by the following function (with
{i,7} ={1,2}): ¢i = Max (0; (1 — p; + Bp;) (1 +¢)), with p; and ¢ denoting re-
spectively firm k’s price (k =1 or k = 2) and a demand shock with zero mean
and support above -1 (which can be assumed identical in both periods without
loss of generality). The parameter 5 captures the degree of substitutability be-
tween both goods. Firms maximize the expected sum of their profits in periods
1 and 2.

The game is as follows: in both periods, firms simultaneously set their prices.
At the end of period 1, each firm observes its sales and, in one of the two variants
we will compare, total output as well (or, equivalently, the other firm’s sales or
its price). Firms then compete in prices again in period 2.

The cost and demand intercept parameters are such that in the static Bertrand

duopoly equilibrium under full information, consumers purchase both goods in
1

-5

Just like in the case of Cournot competition, we asssume that the distribution

equilibrium: cy <

of the demand shock is such that a firm can infer almost nothing about its
competitor’s price by observing its own sales, so that there is (almost) no scope
for cost signaling in the variant in which a firm observes only its own sales,
whereas information on total output (in additional to knowing its own price
and sales) allows a firm to infer its competitor’s price.

Just like in the previous section, ¢, § and o denote respectively the expected
cost (wep, + (1 — m)cy), the cost difference (cy — ¢r), and the variance of the
cost distribution (7(1 — 7)§2).

3.1.2 Consumer and total surplus as a function of output and costs

The above demand function corresponds to the following formulas for prices,
the utility function, consumer surplus and total surplus:
g By; 1

[ E R

bi =

11



_ Gd+a Bag
(1*5)U*Q1+Q2*2(1+IB) - 143

pi+p3
2

1
CS=———(p1+p2) +

1-3 — Bp1p2

pi+p3
2

s L (c1+¢2) + (e1 — Bea) p1 + (c2 — Ber) pa —

= 1-3 + Bpip2

implying the following equalities for expected consumer and total surplus (with

P denoting each firm’s expected price):

1
ECS = -3 2p + (1 = B)p* + oy — BCou (p1,p2)

1
ETS = m720+2(175)q§+2000(p1,cl)fZBCov(pl,02)7(1fﬂ)ﬁ270§+5001) (p1,p2)

3.2 Surplus under no information and under full informa-
tion
If firms cannot infer anything about their competitor’s first period output, then,

with ¢ denoting the expected cost (¢ =mcp, + (1 — 7)cy), the equilibrium price

in each period of a firm with cost ¢; (i = H or ¢ = L) is given by

cC; —C
2 )

Phs =" +
2
(with the notation p* = zlfg), implying o7, = %, Covps(p1,c1) = 1/2 and
Covps(p1,c2) = Covys (p1,p2) = 0.
This leads to the following expected values for output, consumer and total

surplus:
_ I O
pns - p - 2 . /B
o2
ECS, s =CSy+ ZC
3 2
ETS,, = TS + %

where C'S™ and T'S* denote respectively consumer surplus and total surplus

12



when both firms have cost ¢ (CSy = ﬁ — 2((21:6‘,:)) + (17(5)_%;0)2 and TSy =

L 2(1-B)e(1+c) _ (1=B)(1+c)?
T 2t Tt @57 )

1-B
Under full information, with the notation {i, 7} = {1, 2}, firm ¢’s equilibrium

output is given by

pfull(ci7cj) :p* + 4_62 (C’i _C)+ 4_52 (C] _C)7

leading to
4+ 2
U;,full = (7)203
(4 -p52)
2
Covpun(pr,c1) = maf
B
Covpun(pr, c2) = mag
4
Covpun (p1,p2) = (4—652)205
B . 1+ec
pfull = Pns = 2 _ﬁ
4 — 3 2 2
BOS = 05 4 3800
(4-p52)
26* — 96% 4 12) o2
ETSfull :TS*+ ( 5 ﬁ +2 )Uc
(4-p2)

It turns out that under full information, both consumer surplus and total surplus

are lower than under no information:

2 2
4
EC&WAfD&w:fgﬂii%ﬁ
4(4-p%)
2(12-5p2
ETSﬂM-EISgsz-—E—Q———lélag
4(4—p?)

which are both strictly negative since 0 < 3 < 1.7

"These findings are identical to those in Sakai and Yamato (1990).
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3.3 Signaling

Just like in the previous section, we assume now that the end of the first period,
firms observe their market shares, which is equivalent to assuming each firm
observes its competitor’s price. Each firm now has an incentive to raise its
price to signal high costs, in order to induce its competitor to set a high price
in the next period. We describe hereafter the corresponding equilibrium price
levels, with the same equilibrium concept (subgame perfection with the intuitive
criterion to eliminate certain counterintuitive equilibria).

The results follow the same logic as in the previous section: if the static
(no signalling) equilibrium is such that a low-cost firm would have no interest
in mimicking the high-cost firm in order to cause its competitor to believe it
has a high cost, the only equilibrium satisfying the intuitive criterion is the no
signaling equilibrium. Otherwise, in the signaling equilibrium, the prices set by
both types of firms are such that (i) the low-cost firm maximizes its short-run
profit given its correct expectation of the other firm’s price, and (ii) the low-cost
firm is indifferent between maximizing its short-run profit and facing a second-
period competitor that knows its low cost, or mimicking a high-cost firm and

manipulating its competitor’s belief;

3.3.1 Signaling equilibria

A reasoning very similar to the one in the quantity competition case (and hence
left to the reader) shows that only one equilibrium satisfies the intuitive crite-
rion, and that this equilibrium is separating, with the low-cost firm maximizing
its short-term profit and the high-cost firm’s price making the low-cost firm
indifferent between its own equilibrium price and the high cost firm’s.

We now characterize this unique separating equilibrium. Let 7* denote the
profit that each firm would earn if costs were both equal to ¢: 7" = (%ﬁ) 2.
If firm 1 sets its price to maximize its profit (as it does in equilibrium, in the
second period), then its profit depends on its own cost and its competitor’s
price as follows: 7(c1,p2) = (\/7?* —asec MY‘ Let T' denote the ex-

pected second-period gain that a low-cost firm (say, firm 1) earns from having

14



its competitor (firm 2) believe it is high cost. It is equal to

I'=En(cn,psuu (c2,cu)) — Em(cr, pruu (c2, cr))

B - cp—c B (2ca—c)  PBlcg—c) 2 - c—c fB
_E(\/?— 5 +2<4—ﬁ2 M >>—E<\/7T— 5

Bler —¢)

(2(@ —0) n

1B

1-p?

__B% <2\/;(CLCHBQ(CH+CL2C)) B%s <\/ﬂ_—*+8(17r)+(47r3)52)5>

2(4 - p2) 2(4 - %) 4

We first investigate under which conditions the prices in the static no-
information equilibrium can be first-period equilibrium prices in the first pe-
riod of the game in which firms observe their market shares. This is the case
if a low-cost firm finds that the first-period loss induced by setting p’L rather

than pL, (assuming its competitor’s expected price is p*) is greater than or
2 _ 52
=2,
no signaling is an equilibrium if and only if 4" < 62, or equivalently § >
B2(2+5)(1-(1-B)c)
16(4—p%)—B2(24—8r—p2(7T—4n))

equal to the above expression. Since this first-period loss is (pffs — pﬁs)

Proposition 5. If 4T < 62, then the game in which firms observe their market
shares has only one subgame-perfect equilibrium satisfying the intuitive criterion.
This equilibrium is such that firms set the no-signaling price levels in the first
period, and the full information prices in the second period. In this equilibrium,
consumer surplus and total surplus are smaller than in the equilibrium of the

game in which firms do not observe their market shares.

If this condition does not hold (if 4T" > §2), then there exists a unique
equilibrium satisfying the intuitive criterion, and this equilibrium is separating.
In the first period, according to this equilibrium, a low-cost firm sets price pr,
that maximizes its first-period expected profit, whereas a high-cost firm sets an
output level pg such that a low-cost firm is indifferent between setting price pr,,
thus revealing its cost is low and inducing its competitor to set a lower price
in period 2, or setting price pg, which reduces its first-period profit but causes
its competitor to set a higher price in period 2. In such an equilibrium, after
costs have been revealed in the first period, firms in the second period set the
full information equilibrium prices displayed above.

Let p = 7pr, + (1 — m)pr denote the competitor’s expected price in the first
period of such an equilibrium. The price maximizing a low-cost firm’s expected

1+Bp+cr
2

first period profit is py, = . The abovementioned indifference condition
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is equivalent to

leading to

with the notation

Lo (1om (2T )

_2—5+ 2-1

Proposition 6. If 4T > §2 (or, equivalently, § < 16(47;ﬁ_f;f;fg;i:é;:?&%fm))),
then the game in which firms observe their market shares has only one subgame-
perfect equilibrium satisfying the intuitive criterion. This equilibrium is such
that in the first period, a firm with a low (resp. high) cost sets an price equal
to pr, (resp. pr) defined by the above formulas, and the full information price

levels in the second period.

3.4 Comparative statics

Assessing the impact of the availability of market share data is more straight-
forward than in the case of Cournot competition with homogeneous products.
As seen above, it causes a shift from the no-information to the full information
equilibrium in the second period, which is detrimental to both consumer and
total surplus. If the condition of Proposition 5 holds (4I' < §2), this is the only
effect since no signaling takes place in the first period.

If on the contrary the condition of Proposition 6 holds (4" > §2), then in
addition there is an effect in the first period, as signaling takes place. Proposition
6 implies that both the high-cost firm’s and the low-cost firm’s prices are greater
in the first period, under signaling, than in the no-signaling, no-information
equilibrium: pz > pE, and py > pf,. To see this, notice that the expected
price is greater since p — p* = % > 0. The low-cost firm’s price is
in both cases a best response to this expected price, which implies it is greater
(since prices are strategic complements): pr, > p&,. Finally, py = pr + VT >
pE 4+ VT > pk + g = pL. Consumer surplus is therefore less in the first period
if market share data are available (so that firms engage in signaling) than if they

are not.
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In contrast, there is no general result regarding total surplus. Even though
the availability ot market share data causes total surplus to fall in the second
period, and prices to rise in the first period, it can still cause total surplus to rise
taking both periods into account. This is because signaling has two opposing
effects. On the one hand, it causes the expected price to rise. On the other
hand, it increases the difference between the high-cost firm’s and the low-cost
firm’s prices, which reallocates production inefficient to efficient firms. One can
show that for some parameter values, this latter effect may be strong enough
to offset both the adverse effect of the average price increase in the first period
and the adverse effect of more information in the second period.® However, a
general result can be stated when the cost difference is very small: in that case,
the availability of market share data unambiguously causes total surplus to fall

in both periods.

Proposition 7. If market share information is available, then first-period prices
increase, expected consumer decreases in both periods and expected second-period
total surplus decreases. There is no general result on the impact on expected first-
period total surplus or expected overall total surplus (combining both periods).
However, if the cost difference § is small enough, then the availability of market

share information causes expected total surplus to decrease in both periods.

Appendix

Proof of Propositions 1 and 2. No pooling equilibrium satisfies the in-
tuitive criterion. If there were one, with output level g, for both types of
firms, then the corresponding output would have to be a best-response to itself
for the high-cost firm. Consider the function f;;(q,q’) defined as the combined
(two-period) expected profit of a type ¢ firm (i = H or i = L) setting out-
put ¢ in period 1 while its competitor’s expected period 1 output is ¢’ and
inducing its competitor to believe it has cost j (thus setting a second-period
price equal in expectation to pruu(c,c;)). These are continuous, concave func-
tions of their first variable, such that for any (q,¢), fir(q,¢") > fin(q,q),

9 — 9 - i i 8fij(a,q'
Wreodun) (q,q) > Hnestnm g o), 2fei(q,q') > (g, q), 2lei) < 0

8In a somewhat different setting, Mailath (1989) proves that total first-period surplus can
be greater in the signaling equilibrium in spite of higher prices. Our result shows that the
corresponding increase can be large enough to offset the second-period adverse impact of
information disclosure on total surplus.
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and Limf;(q,q") = —oo. Therefore, there exists gge, such that
q—o0

fHL(qdem q;nool) - (7TfHL + (1 - 71-)fHH) (q;uooh q;)ool) <0
< fLL (Qdem onol) - (7TfLL + (1 - 7"')fLH) (onola onol)-

A low-cost firm setting qge, is a deviation that makes the postulated pooling

equilibrium violate the intuitive criterion. Notice that this proof applies irre-

_ 4
8+4m*

Assume now that the condition underlying Proposition 1 is satisfied:

spective of the sign of ﬁ
s

A—CH Z

holds so that a high-cost firm would lose more by setting the one-shot

4
8+4m

game’s low-cost firm’s output ¢, than it would gain by causing its competitor to

believe it has a low cost and price accordingly in the second period. This assump-
tion implies that quantities of the equilibrium of the one-period game are still
equilibrium quantities of the two-period game. We show now that there exists
no other separating equilibrium satisfying the intuitive criterion. Assume such
an alternative equilibrium exists, with first-period quantities quantities qﬁt, qflt.
Let quie = mqk, + (1 — m)gk, denote the corresponding level of expected output
per firm. Assume first that q,;; > ¢*. Since in any equilibrium the high-cost
firm maximizes its short-run profit, this implies that qﬁt < ¢l which com-
bined with gg;; > ¢* implies qglt > ¢L.. The following deviation by the low-cost
firm proves that the postulated equilibrium does not satisfy the intuitive crite-
rion: in this deviation, the low-cost firm produces ¢X,. We just need to prove
that fur(qks, qur) — fam (a2, qur) <0 < frr(aks, qae) — fro(gk,, qar)- Since
Qait > qF, the output maximizing a low-cost firm’s short-run profit is less than
%, and qly, > qf, implies frr(qk,, qaie) > fro(aky, daw)- Also, fur(ql,, qai) —
fHH(QZtaQalt) < fHL(quwQns)—fHH(qngns) < far(aks ans)—fru (g, ans) <
0. Likewise, assume that g,;; < ¢*. This implies qﬁt > ¢H and qglt < qk..
Profit maximization by the low-cost firm implies that that frr (g2, gus) <
fru(aky, qai), which implies frr (g, ga) < frm(aby qan). Also, que < ¢*
implies that the short-run profit-maximizing output for a low-cost firm is greater
than ¢X,. Therefore, increasing its output from g, to g%, would increase the
low-cost firm’s period 1’s profit, whereas it would decrease the high-cost firm’s
profit even if it caused the competitor to wrongly infer it has a low cost (by the
previous inequality). Such a deviation thus contradicts the intuitive criterion.
Finally, if g, = ¢, which implies qﬂt = ¢! then a deviation by the low-cost

firm from g%, to ¢L, would contradict the intuitive criterion.
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The above reasoning carries over to the case where the condition underlying

Proposition 2 applies (A_‘SCH < th), simply replacing (qﬁ‘;, q,LLS) with (qm,q1).

Proof of Proposition 3. We assume that the condition stated in Proposi-

tions 2 and 3 holds:

5<8+447T(Ach) 3)

We start by introducing the notation L = A —cy + 6 (i — 7r), which implies
that A = %. Notice that (3) is equivalent to

|

(4)

| ©

>

Substituting A —cy + dw for A—c , and with B denoting A — cy, we can restate

the formulas stated in Sections 2.2. and 2.3 as follows.

Ho_ B+mé w
qns 3 2

r  B+md  (1-m)o

Ins = 3 + 2
—  2(B+m0)
T

B—7/3V/0L B 2mVdL VoL
=g —=\3*"9 ) 3

qr = 3 = 3

B+ (1—73oL <B Qm/ﬁ> (1-7m)VoL
=5+ |+

~ 2B 4m/6L
C=5 7T9

We prove first that total expected output is greater under signaling than

under no signaling.

~ dnv/6L 276 27 2\/f
Q=@ =" ‘3—3<3 5‘1>>0

as a result of (4).
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(2) implies

-2

ETS, s = (B+6m)Q,,, — % — azm —2C0ov(gps, €)

q

2

ETSsignating = (B + 07) Q- - UZZ% —2Cou(q, ")

~ Q% 0L  2n(1—m7)s”?LY?
:(B+57T)Q—%—%+ ult 7;)5 .

We calculate the difference ET'S,ignating — 21 Sns as the sum of the four

following terms:

~ 27d 2 /L
? Q. w(2]L 4B 4n3L 276
2*23(3 51><3+ 9 "3
2 o w(l—=mL m(1-m)s*  w(l-m)é* (2 /L 2 /L
B e R <3 5‘1> (3\/5“

, 1 — )62 V2
—2Cov(q, c")+2Cov(gns, c) = 2n(1 — m)07*L —m(1-7)8? = w(1—7)s? (2\/§_ 1) ,

3 3

yielding

ETS,; ing — BT 2 1 (4B 4nVoL 2 1-— 2 /L
Sszgnalmg Sns _z (B + (571')—7 ( n ™0 4 71-6) _(77[-)5 (\/74— 1) —|—(1—7T)6
QZEOE 3 3173 9 3 1 \3V3

2B 27—1lx 9
=—+4+ —3J— VoL
9 * 36

-
54
Replacing L with ¢ (i — 7r) and writing « for ¢/B, one can check that this

expression is positive if and only if

27— 117\* (1 9—m\° g2y |2 Un (9 ?
36 1 ")\ 81 54

This is necessarily the case because each of the three coefficients in the quadratic

+4 >0
T+ — .
81

polynomial above is positive (as a consequence of 0 < 7 < 1).
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., 2

As regards consumer surplus, the identity ECS = % + UTQ and the above
finding that under signaling, both expected output and the variance of expected
output are greater than under no signaling imply that consumer surplus is

greater under signaling.

=2 02
Proof of Proposition 4. The identity ECS = % + =% and the above for-

mulas imply that the first-period difference EC Sgignating — £CSns is equal to

om0 (2 |L 4B 4mnV/OL  2w6 (1-m)d /L
ECSszgnalzng_EOSns = ? (3 g - 1) <3 + T + 3> + T (2 g +3
2 /L 2 |B 1

whereas the second-period difference is equal to

5m(1 — m)6>

BCSjun — ECSps = —2——

The ratio of the absolute value of the first-period difference over that of the

second-period difference is

B (2 /B (1
|[ECSsignating = ECSns| _ 245 (3/5+G-m-1)
|ECSpuy — ECSys) 5(1—m) ’
which is greater than 1 if 2 (= A_‘SCH) is close enough to zero.

Proof of Proposition 7. We show here an example of parameter values such
that (i) the condition of Proposition 6 holds (4I' > 62) and (ii) equilibrium
expected total surplus (considering both periods) is greater in the case where
market share data are available than in the case when they are not. We define
T = g. The difference A; in expected total surplus in the first period is equal

to

Ay =2(1-PBe@-p) - 1-5) (P -p?)
+ Ans—)signaling (2001/(])17 Cl) - QBCOU(pl, 62) - 012) + pCov (p1,p2))
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(with obvious notations). The sum of the first two terms is equal to

“2) = (1= -m& 2z -1) 20+ + (1 —m) (2 — 1)).

2(1-B)e(p —p*)—-(1-8) (7" —p (2 - 6)

To calculate the other terms, note that (with obvious notations):

9 (1l —7)62

Opns = 4

cr% =7n(1—-m)T

Cov (pl,nsap2,ns) = Cov (p1,7L57 CQ,ns) =Cov (];17];2) = Cov (p~17 CNQ) =0

52
Cov (pl,nw Cl) - 5

Cov (p1,c1) = n(1 — m)VT6.

Therefore, with obvious notations again,

1 3
Ans%signaliny (20011(1717 Cl) - 2ﬁ00v(p17 02) - 012; + /BCOU (plap2)) - 527T(1_7T) (.’L’ - 2) (2 - :17) .

Assume that 3 is very close to 1. Then A; is almost equal to 6%7(1 —
m) (z — %) (2 — ). The change in second period surplus, as mentioned in Sec-
2(16_ =32
%5%(1 — ), that is, arbitrarily close to —z=8%m(1 — ).
1

If £ = 1 (which implies that the condition of Proposition 6, namely = > 5, 18

satisfied), then the change in total surplus (considering both periods) is arbi-
2
trarily close to 6% (1 — m)(§ — o) = w > 0. The last step of the proof
1

is to show that one can find parameter values such that z = 1 and cy < 1= 5

If 5 is close to 1, then x = ? ~ %,/% + 5;;1”. We choose arbitrarily some m

m%, which implies that z = 1. Also,
1

one can choose ¢y, < % sothat cg =cr, +0 <1< 3

We prove hereafter that if § is small enough, then expected total surplus is

tion 3.2, is —

strictly between 0 and 1 and we set § =

lower in the first period when market share information is available. To see this,

set 8 and m, and some ¢ < ﬁ so that if ¢ is small enough, cy(= ¢ + ) is
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smaller than ﬁ7 as required by the model. The formula for " implies that

_ VT _ 8(1 —m) + (47 — 3)5?)

5 [i—(-pe,
5 Vi-e\ G-ps 1= )

This expression tends to infinity as d tends to zero, and is thus greater than % if

¢ is small enough. But =z > % implies that A; < 0 because, as the above calcula-

tions show, Ay is the sum of 2(1—f)c (p — p*) — (1— ) (p*> — p*?), which is nega-

tive, and Of Ans%signaling (2007}(]717 Cl) - 25001}(}?17 62) - 012; + ﬂCO’U (p11p2))7
3

which has the same sign as 5 — .
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