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Abstract

This paper considers a two-stage game, where in the first stage, two firms bid non-
cooperatively for a production technique that leads to a reduction in cost. Following the
auction in the second stage of the game these firms compete against each other in a duopolistic
industry. The amount of cost reduction for every firm following the adoption of the production
technique is a private information to the concerned firm. In the model, the auctioneer is the
government. Before the auction, the government announces whether she will reveal the bids
after the auction, which is her choice variable. This paper makes an attempt to figure out
the welfare implications of the bid disclosure policies under different parametric and market
conditions. Our findings suggest that for the Bertrand competition in the second stage the
revelation of the bids does not have any impact on the level of social welfare. For the Cournot
competition in the second stage, whether the disclosure of bids would lead to higher level of

social welfare than when the bids are suppressed, is determined by parametric conditions.
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1 Introduction

The sale of licenses in order to allow certain firms in an industry to use any particular production
technique is a common phenomenon. The analysis of licensing of a particular technique is also
quite common in economics literature. Kamien, Oren and Tauman (1992) discuss the licensing of
a cost reducing innovation to an oligopolistic industry. They compare auctioning of a fixed number
of licenses to a fixed license fee and to a per unit royalty in terms of the patentee’s profit, licensees’
profits, industry structure and product price. Their results suggest that auctioning licenses is the
optimal strategy when the magnitude of innovation is not too small (although it does not hold for
an arbitrary innovation). Cramton and Kerr (2002) suggest that an auction of carbon permits is

the best way to achieve carbon caps set by international negotiation to limit global climate change.

With this backdrop we can think of a situation where there is an oligopolistic industry, in which
the firms can use some production technique and only a limited number of licenses for using this
technique are available. Therefore, only a limited number of firms can be permitted to use such
a technique. If we consider the government to have the objective of maximizing social welfare
and to be the authority that can sell these licenses, then the concerned licenses can actually be
allocated through auction, with the government being the auctioneer. For example we can consider
the auction of spectrum licenses in the United Kingdom. In the year 2000, the UK Government
conducted an auction selling five licenses for different frequencies. There had been a larger number
of bidders than the number of available licenses. Another example where the government sells a

resource which is “limited” in amount through auction is that of land auction.

In this paper we look at a situation where the government is selling a limited number of licenses for
a cost reducing production technique (due to its limited availability). We consider a two-stage game
where, in the first stage, two firms bid non-cooperatively for the production technique that leads
to a reduction in cost and the government offers to sell a single license for this technique through
auction. Following the auction, in the second stage of the game, these firms compete against
each other in an oligopolistic industry. The amount of cost reduction for every firm following the
adoption of the cost reducing production technique is a private information to the concerned firm.
Based on this private information, each firm submits a bid in the first stage auction. Therefore,
the amount of cost reduction for each firm subject to the adoption of the technique constitutes
its type. We consider a symmetric framework where the types are independently and identically
distributed over the same interval and involving the same distribution and density functions. Here,
the government is the auctioneer and its objective is to maximise social welfare.! Before the auction
the government decides and announces whether to disclose or suppress the bids. This paper makes

an attempt to figure out the welfare implications of the bid disclosure policies under different

!The Social welfare function has been explicitly specified in the subsequent analysis.
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parametric conditions, when the oligopolistic competition in the second stage of the game is first

of a Cournot type and then of a Bertrand type.

Many analysis of similar two-stage games are available in the existing literature. We discuss some
of them, which are somewhat close to our work, here. Goeree (2003) considers a mature market in
which competitors know one another’s costs. The prevalent mode changes with the auction of a
cost reducing innovation (which is protected by a patent) where the winner is granted the license
to use the innovation. The competition in the second stage of the game is first of a Cournot type
and then of a Bertrand type. The results of this paper capture the impact of the prevailing mode
of competition in the aftermarket on the bidding behaviour in first and second price as well as
English auctions. Two major findings of this paper are that first, the strategic equivalence between
the English and the second price auctions breaks down and second, the revenue equivalence breaks

down due to signaling effects.

Das Varma (2003) also analyzes a similar two-stage game and examines whether a first-price
sealed-bid auction is efficient in allocating a process innovation amongst oligopolists engaged in
either Cournot or Bertrand competition. The results he has derived ensure the existence of a
unique equilibrium in strictly increasing strategies which is symmetric, and therefore allocatively
efficient for the Cournot type competition but not for a Bertrand type competition in the in the
downstream oligopolistic market. When the downstream market becomes perfectly competitive,
the efficiency in allocation is restored. Thus the results in this paper capture the sensitivity of

“efficient auction design to downstream market structures”.

Molnar and Virag (2008) also consider a two-stage game that studies the effect of post-auction
market interaction and asymmetric information on the design of a revenue maximizing mechanism.
Here the bidders can have incentives to signal their types to influence the outcome of the post-
auction market game. The results show that revealing all information about the winner is revenue-
maximizing if the post-auction competition is Cournot and revealing no information about the
winner is revenue-maximizing if the post-auction competition is Bertrand. Their paper also shows
that if bidders have additively separable utility functions in their true and signaled types, then
revealing information is revenue maximizing if the utility function is convex in the signaled type,

while hiding information is revenue maximizing if the utility function is concave.

Katzman and Rhodes-Kroph (2008) discuss a two-stage game where the first stage involves an
auction of right to enter production in a market with an existing monopolist and in the second
stage, the winner of the first stage auction competes with the existing so far monopolist firm. So,
in the first stage, they consider a set of firms who are competing against each other. The marginal
cost of each firm is a private information and constitutes its type. Based on its type every firm

submits a bid in the auction. The bids are decreasing functions of types. The types are assumed to



be distributed over the same interval following the same distribution function for all participating
firms. In this context after the first stage the auctioneer can choose to announce the bids com-
pletely, partially or not at all. The results suggest that depending on whether post auction profits
bear a positive or inverse relation to rival beliefs, the firms either bid more aggressively or signal
poorer types. So when post auction profits are negatively related to rival beliefs, announcement
of bids leads to higher expected revenue to the auctioneer. For the opposite case, suppression of
bids leads to higher expected revenue. Their model, however, didn’t make any general statement

regarding the welfare effects brought about by different announcement policies.

Scarpatetti and Wasser (2009) present a model involving a two-stage game where in the first stage,
there is a multi-unit auction of a cost reducing technological innovation and in the following stage
this innovation is used by firms in an oligopolistic market structure where each firm has a private
information about its cost structure. The number of units of the cost reducing innovation is less
than the number of competing firms. After the first stage auction, only the winning bids or all
the bids can be revealed publicly which creates an opportunity for signaling. The existence of
a truthful equilibrium in the auction, in which the bids truly represent the costs, depends on
the type and aggressiveness of competition in the second stage, the chosen auction format and
the policy regarding bid announcement. Their results suggest that, the existence of a separating
equilibrium, however, depends on several factors, including the type of auction format chosen.
The announcement of all bids for a discriminatory or a uniform-price auction poses the problem of
non-credible signals becoming more grave, so that existence of separating equilibria is possible “in
the special case where the auction has only one loser”. The existence of a separating equilibrium
becomes uncertain when there is Bertrand competition in the second stage. “The weight of the
signaling incentive” gets reduced with the revelation of less information which makes the existence
of a separating equilibrium under Bertrand competition possible. A separating equilibrium is
likely to exist when there is only one winner in the discriminatory auction (i.e., if it is a first-price
auction) and if only this winning bid is disclosed. The same result holds for all uniform-price

auctions where only the highest losing bid is announced.

Our paper also concerns a two-stage game involving the auction of a cost-reducing technological
innovation in the first stage and a duopolistic market structure in the second stage. We, however,
have concerned ourselves with the social welfare implications rather than revenue maximization.
We first consider first price sealed bid auction and then a second price sealed bid as well as an
all-pay auctions of a single license for a cost reducing production technique in the first stage?.
This paper analyzes a situation involving two firms in the second stage (who are bidding for

the technological innovation in the first stage auction), first under a Cournot, and then under a

2Qther auction formats e.g. All Pay Auction, Second Price Sealed Bid Auction etc, will not, however, change
the parametric conditions of the results substantially.



Bertrand competition. For both the competitions we study and compare the levels of social welfare

under different bid revelation policies. So this paper focuses on three key questions:

1. Generally it is observed that the bids are revealed after the auctions. We here try to see
whether under any circumstances the suppression of the bids can be regarded optimal when

the objective of the government is social welfare maximization.

2. We also try to check whether the optimality of suppression or revelation of bids is anyhow

dependent on the types of the bidding firms and if so, how.

3. We finally try to figure out whether the type of competition prevailing in the market in the

second stage has any impact on the choice of the bid disclosure policy.

We are, however, not considering how the government knows before the auction whether to reveal
or suppress the bids. Therefore, the questions we are addressing in this paper are concerned

3. The paper is organized as follows: section 2 specifies

with the strategic aspect of the problem
the structure of the model, section 3 and section 4 elaborate the cases of Cournot and Bertrand

competitions respectively, and finally section 5 concludes the paper.

2 The Model: Structure

In this section we specify the structure of the model about the two-stage game, where an auction

takes place in the first stage followed by a oligopolistic competition in the second stage.

There are two firms in the second stage oligopolistic industry. These firms are also the bidders in
the first stage auction. The relative value of the innovation in each firm’s technology is assumed to
be private information to that firm in our paper. We parametrize this private information for firm
i by the random variable 0; such that 6; € [0,0] with 0 < § < 6. Thus 0; constitutes type of firm ¢
here, where i = 1, 2. 6; is assumed to be distributed according to the continuously differentiable
distribution function F'(.) with the corresponding density function f(.) having full support. The
distribution of each firm’s private information is thus assumed to be symmetric. Furthermore, we
assume that 6y and 6, (where W and L stand for the winning and the losing firms respectively)
are independent random variables. F(.), § and 6 are assumed to be common knowledge among the
firms. The realization of the random variable 9}, denoted by 6; is therefore private information to

firm 7.

3Tt would be an interesting exercise to design a mechanism such that the government can optimally decide
whether to reveal or suppress the bids after the first stage auction ex ante, which constitutes a separate research
question that we are not addressing here.



Now consider the duopolistic industry with a downward sloping linear inverse demand function
P = a — bQ, where P is the price, () is the aggregate output and a, b > 0. The two firms are
playing either a Cournot or a Bertrand game in the industry?. The cost function of the firms are
identical and equal to cqg; Vi = W, L, where ¢; is output produced by the i*" firm and ¢ > 0 and
constant, when no cost reducing production technique is available. On the other hand, when such

a technique is available, the marginal costs are given by

c—0; ifiwins the auction
C;, =
c if i loses the auction

where < 0 < ¢ < ¢+ 0 < a°. The objective of both the firms is to maximize her own expected

profit.

We assume that the government is selling the cost reducing production technique by conducting a
first price sealed bid auction. The objective of the government is to maximize the social welfare,
where social welfare is defined as the sum of consumer surplus, producer surplus, government
surplus®. The government announces the bid disclosure policy before the auction takes place, so
that while participating in the auction the firms already know whether the bids after the auction
will be announced or not. In the whole analysis we are only interested in symmetric and increasing

equilibrium bidding strategies in the auction.

Finally, we assume Y6y, % > 0 with gy being the output of firm W and 6y being her type’.

3 Case of Cournot Competition

3.1 Industry with undisclosed bids

Here we consider the case where the government will not disclose any bids. So, before the auction

firms know that after the auction government will not announce any bids. We will begin our

4We are implicitly assuming that the type of the competition in the market will not change after the auction.

5The last inequality ensures that the innovation is not so drastic as to make the winning bidder the sole producer
in the market.

8Government surplus is the amount of revenue that the government receives after the auction. Because we are
considering first price sealed bid auction, the government surplus is nothing but the bid of the winning bidder.

"To motivate this assumption, note that higher type means lower marginal cost if the firm wins the auction.
This assumption implies that in such a situation the firm should produce higher output in equilibrium in case of
undisclosed bids. Note that in case of fully disclosed bids % < 0 holds always. So, in case of fully disclosed bids
this assumption holds. Also reduction in marginal cost implies that the firm becomes more efficient if she wins the
auction, so from that point of view also it is (generally) better for the firm to exploit the efficiency and produce
more.



analysis from stage 2. Let us assume that in stage 1 both the firms bid according to their true
types. Since the bids are not disclosed, the only information that the winning bidder W possesses
about the losing bidder L is that the bid submitted by L is lower than that submitted by W.
Now, since we are concerned about the symmetric equilibrium where each bidder bids truthfully,
such that the bids are increasing functions of the types, therefore inverting the bids the types
of the bidders can be calculated. Thus the lower bid would certainly imply a lower type. So,
after the auction the winning firm knows that 6, € [0, 6y/]. Similarly, the losing firm knows that
Ow € [01,0].

3.1.1 Characteristics of the equilibrium outputs and profits of the two firms

In stage 2 the objective of all the firms is to maximize her own expected profit by choosing an
output level where the demand function of the industry is given in the equation a — b(qw + qr.)
with gy being the output of firm W. Assuming that both the firms bid truthfully in the first stage

auction®, the expected profit function of the winning firm is given below

Ow

Iy = {{[G—C—FQW}C]W—b(CIW+C]L(9L))C]W}dF(9L|9L<9W)

Ow
= la—c+0wlaw —baiy — 755 bf qr (0L) dF (6r)
Similarly the expected profit of the losing firm is given below

M, = [ {la—ca—blaw Ow) + ) a} dF B o > 61)

0L

= [a—dq —bg? — %IQW (0w ) dF (6w)

Our objective is to prove that bidding truthfully in the first stage and producing output according
to true types in the second stage, constitute a perfect Bayesian equilibrium for our concerned

two-stage game.

From the first order conditions for expected profit maximization we get the reaction functions for

the winning and losing firms respectively, which are given below

/ (01) dF (01) = w (3.1)
[

8Later we show that bidding truthfully is indeed an equilibrium
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and

0

/QW (Ow) dF (Ow) +2q1, =
0r,

L
(1—F(0L))

a—=c¢

b

(3.2)

Ow

We denote the set of equilibrium outputs by ¢j;, and ¢; . Also note that the expression % b[ qr, (01) dF (61)
gives us the expected output of the losing firm from the winning firm’s perspective and simi-

9
larly m [ aw (6w ) dF (6w ) gives us the expected output of the winning firm from the losing
0r,

Ow
firm’s perspective. We define the sum of these two terms, given by % [ qr(0L)dF (01) +
[

0
m [ aw (Ow) dF (6w ), as the Total Expected Output of the Industry (TEOI). Now we are
0r,

qu

in a position to state our first theorem, which gives some relationships between ;lg—w and

Lemma 3.1. (i) For all values of the winning type Oy , the equilibrium output level of the winning
firm gy is an increasing function of Ow , if and only if for all values of the losing type 0r, the

equilibrium output level of the losing firm, q; s a decreasing function of 01, which means that

*

L <0 (3.3)

d E3
Vo v o

dOw

(11) For all values of the winning type Ow , if the equilibrium output level of the winning firm ¢y, is
a decreasing function of Oy, then the equilibrium output level of the losing firm, q; is an increasing

function of 0, which means that

* *

dayy, dqy,
then Vo
g, =V then VoL 250

if VOw >0 (3.4)
Proof. See Appendix A O

Once the equilibrium outputs are characterized by the above theorem, it is easy to characterize

the expected profit functions of the firms. The next theorem exactly does this.

Theorem 3.2. if VO, dqW > 0 then V@W W~ (0 and VO, dQL < 0.

Proof. See Appendix B n



Before we move on to characterize the social welfare, we first show that given the lemma and
theorem stated above, there exists an increasing and symmetric equilibrium bidding strategy for

each of the firms in the auction.

3.1.2 Characteristics of the equilibrium bidding strategies of two firms

First we want to emphasize that we are interested in a symmetric and increasing equilibrium
only. This ensures ex-post efficiency (i.e. the firm whose type is the highest gets the innovation).
Consider firm . The actual type for firm 7 is 6;. But suppose firm ¢ bids according to z;. Let the
symmetric bidding function be denoted by h(.). For the time being assume that h/(.) > 0. The

expected profit of firm ¢ is given below

[y (0:) — b (20)] F (2:) + Ui (0:) (1 = F ()

where IIy;(.) is the profit of the firm in stage 2 if she wins the auction in stage 1 and II,(.) is the

profit of the firm in stage 2 if she loses the auction in stage 1.

Theorem 3.3. If Vi and V6, %2‘;’5 > 0, where qyy,; is the output produced by firm i in the industry
and if firm i wins this auction, then there exists a symmetric and increasing equilibrium in the
above auction, given that in the second stage the firm @ formulates its expectation regarding its

contender’s type based on its true type.
Proof. See Appendix C O]

Finally, we are going to show that in both the stages, both the firms bidding and producing
according to their true types constitutes a perfect Bayesian Nash equilibrium of this two stage

game.

Theorem 3.4. In the first stage all the firms bidding according to their true types and in the

second stage producing according to their true types, is a Perfect Bayesian-Nash equilibrium.

Proof. We have shown in the above Proposition 3.3 that if all the firms are producing according to
their true types in the second stage, then in the first stage auction they will also bid according to
their true types. Similarly, we have also shown that if in the first stage they are bidding according
to their true types, then it is optimal for them to produce according to their true types in the
second stage. Therefore, bidding in the first stage auction and producing the output in the second

stage, both based on their true types, are sequentially rational. Hence the theorem. O



3.2 Industry with fully revealed bids

Here we consider the case where government will announce all the bids after the auction takes
place. So, before the auction firms know that after the auction government will announce all the
bids. We will again begin our analysis from stage 2 when after the auction we assume that firm
1 wins the auction and gets the cost reducing production technique. Assume in stage 1 both the
firms bid according to their true types. So after the auction the winning firm knows the actual
value of 6. Similarly, the losing firm knows the actual value of fy,. Since the marginal costs
before the auction are common knowledge to the firms, so in this case after the auction, both the

firms can calculate the marginal cost of the rival firm.

3.2.1 Equilibrium Outputs and Profits

We assume that in stage 2 the objective of each firm is to maximize her own profit by choosing
an output level. The profit function of the winning firm is given by Iy = [a — ¢+ 0w]|qw —

b(qw + qr) qw. Similarly the profit function of the losing firm is given by II; = [a — ] q; —
b(aw +qr) qr.-

Reaction functions of the firms are given by

* * a—c+0
Gy +2q;, = 5F
a—c+20yw

and ¢j = =% Also note that I, = bgj? =

From the equation 3.5, we get ¢y, =

(a—c+20w)2 * *2 (a_C_GW)QQ
g and I} = bg” = 57"

3b

3.2.2 Equilibrium Bidding Strategies

Again we are interested in symmetric and increasing equilibrium only. Consider firm i. The actual
0 for firm i is §;. But let firm 7 bid according to z; (i.e. firm i signals its type to be z; instead
of ;). Let the symmetric bidding function be denoted by h(.). For the time being assume that
h/(.) > 0. The expected profit of firm i is given below

(CL —Cc+ 261)2

—h
b (z)

0
)+ /“_C_ dF(G) (1—F(2))

9Note that here V9W W > 0 holds.
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From the first order condition of the expected profit maximization we get

b6 = 1‘ /[(a—c—l—in) _/_ (a—c—6)) dF(ej)_(a—c—zi)gb(l—F(zi)) 4F (2

From the above expression of h(.), one can routinely check that h/ (.) > 0 and the second order

condition for the expected payoff maximization holds.

Now we are in a position to compare the social welfare between fully disclosed and undisclosed bid

regimes. After the comparison we will provide two examples to illustrate the results.

3.3 Comparison of social welfare for limited information and full infor-

mation

Theorem 3.5. IfVi and V6, Ug—gfi > 0 then industry output under undisclosed bids (Qr = qif +qF*)

and industry outpul under fully disclosed bids (Qr = q¢lif + qF*) have the following relationship

2 (CL — C) + QW <
=TOFEI
3b =

Qr % QL iuff
Proof. See Appendix D m

The above theorem basically suggests that the ranking between the total industry output under
fully disclosed bids, Qr and @rdepends on the value of TEOI If the value of TEOI exceeds a
certain threshold value!® then the case with fully disclosed bids yields a higher industry output
than the case under undisclosed bids. This result is quite intuitive because if TOFEI is very high
then both the firms are expecting that her rival firm will be going to produce a high output so
that it is optimal for her to produce a relatively low output than the case of fully revealed bids

where she knows for certain how much her rival is going to produce.

The condition holds true for the ranking of consumer surpluses under fully disclosed and undisclosed

bids regimes which is formally stated in the following theorem.

Theorem 3.6. If Vi and V0, dgg‘@' > 0 then consumer surplus under undisclosed bids (CS*) and

industry output under fully disclosed bids (CST') have the following relationship

19Gurprisingly this threshold value turns out to be equal to the industry output under fully disclosed bids.
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2(a—c)+ 0y <

F = L =
cs ZCS if f 3 ;TOE]

Proof. See Appendix E m

The net profit of the winning firm is its profit earned in the industry (in the second stage) net of
its payment as its bid in the auction, whereas the net profit of the losing firm is simply its profit
earned in the industry. The profit (surplus) of the government (GS) is the revenue earned from
the auction (which is the winning bid). Total Producer Surplus (PS) is the sum of the net profits
of both the firms.

Note that,ITf, > 115 TIE, > T1F, 1T, > TE — of), > ¢F and 115, > TTF — ¢f, > ¢F . Here, TIZ and
I1%4, denote the profits of the winning firm under fully disclosed and undisclosed bids respectively,
¢, and ¢l denote the output of the winning firm under fully disclosed and undisclosed bids
respectively, [1I" and I1% denote the profit of the losing firm under fully disclosed and undisclosed
bids respectively, and ¢f and ¢ denote the output of the losing firm under fully disclosed and

undisclosed bids respectively. So the following four cases are possible.

Case 1: gl > q& and ¢F > ¢F (here industry output under fully disclosed bids is greater than indus-

Ow
try output under undisclosed bids). This case happens when 2(“‘§,l+9w < F(91W) bf q; (0p)dF (0r)+

0
%af Gy (Ow) dF (Ow)

L
Case 2: gy, > ¢k and ¢f < ¢F (here the relation between industry output under fully disclosed
bids and industry output under undisclosed bids is ambiguous)

Case 3: ¢y < ¢k and ¢f > ¢F (here the relation between industry output under fully disclosed

bids and industry output under undisclosed bids is ambiguous)

Case 4: qf;; < ¢fi; and ¢f < ¢F (here industry output under fully disclosed bids is less than industry

Ow
output under undisclosed bids). This case happens when Q(Q_ggfew > F(le) ef q; (0p)dF (0r) +

0
wry | div (6w) dF (Ow)

Let us define the gross profit of a firm by the profit earned by the firm in the industry. So, the
gross profit of the winning firm is the sum of the net profit and the payment of its bid to the
government, whereas the gross profit of the losing firm is simply its net profit. Let GP be the
gross profit of the industry. So, GP = GPy + GP, = NPy + NP, + GS = PS + GS. Now,
GPF =b (q{,f,)2 +b (qf)2 and GPL = b (q‘ﬁ,)2 +0b (q£)2 , where G'P denotes gross profit, G Py

12



denotes the gross profit for the winning firm, GPp denotes the the gross profit for the losing firm,
N Py, denotes the net profit for the winning firm, N P;, denotes the net profit for the losing firm,
G'S denotes the government’s surplus, PS denotes the producer surplus, GP denotes the gross
profit of the industry under fully disclosed bids, G P” denotes the gross profit of the industry under
undisclosed bids. Let us define AGP = GPF — GPL =b [(qﬁ,)Q + (qf)2 - (qﬁ/)z - (qf)Q] as the
difference between the gross profit under fully disclosed bids and that under undisclosed bids. The

following theorem characterizes AGP for the above three cases.

Theorem 3.7. If Vi and Vb, dgg‘:i > 0 then for Case 1 we have AGP > 0, and for Case 2 and Case

3 the sign of AGP s ambiguous i.e. we have AGP ; 0 and finally for case 4 we have AGP < 0.

Proof. See Appendix F m

The next theorem shows that gross profit under fully disclosed bids (i.e. full information) is an

increasing function of the winning type.

Theorem 3.8. GP is a strictly increasing function of the winning type under fully disclosed bids,

and doesn’t depend on the losing type.
Proof. Trivial. O]

The next theorem in this section compares the levels of social welfare (ST) under the two different
information structures. Let us define ASW = SWF —SWFE and ACS = CSF —CS”, where SWF

and SW¥ are the social welfare levels under fully disclosed and undisclosed bids respectively.

Theorem 3.9. If Vi and V0, dggvf > 0 then for Case 1 we have ASW > 0, and for Case 2 and

Case 8 we have ASW % 0 and finally for Case 4 ASW < 0.

Proof. Note that SW = CS + GP, therefore ASW = ACS + AGP. The rest of the proof is
trivial. O

The above theorem implies that depending on the types of the firms it is optimal for the government
to disclose any information (in our case it is the bid of the winning firm). Also note that in our
case it is the difference between the industry outputs under different information structures that
determines the differences of social welfare levels under different industrial structures. So our final
theorem for this section illustrates the condition which decides the differences in levels of social

welfare under different industrial structures.

13



Theorem 3.10. If Vi and V0, dq"‘” > 0 then

ASW

AV
(@)
s';
—

=
s TEOI
Proof. Trivial O]

First, TEOI plays a crucial role to determine whether government should reveal the bids of the
firms. Second, the same condition guiding the theorems, 3.5 and 3.6 is also impacting the ranking
of the levels social welfare under the two different bid disclosure regimes. We illustrate the above

discussed cases with the following example.

Example 3.11. We suppose that ¢F = «; + 5;0; where i = W, L (where W stands for winner
and L for loser) and also that ;s are uniformly distributed over the interval [0,1]. Here our
objective is to illustrate an equilibrium under undisclosed bids. For simplicity we are interested
in an equilibrium for which the quantity produced by each firm is a linear function of its type'!
So the profit function under undisclosed bids for the winning bidder can be written as Iy, =
(a—c+6w)aw — baly, — baw (ar + 38.0w). Therefore, ¢y, = % — 3 (o + 3BL0w). From
this we can easily verify that dqW = ﬁ — iﬁL.

Similarly, for the losing bidder, the proﬁt function can be written as I, = (a —¢)qr — bg? —

bqr, [aW + %BW (1+ HL)} Therefore, ¢} = [aw + 2ﬁw (1+ GL)}. From this we can easily
verify that % = —iﬁw-
Again, from our assumptions for this specific example, we have dq—W = Bw and = f[r. From

these two sets of relations we can surely infer that V3 < 0iff Vﬂw > 0. So thls confirms the

My = 2bqiy 5> dqW and L = 2bq; dqz , therefore, the results in

results in Theorem 3.1. Now since Zz 47,79

Theorem 3.2 are also confirmed.

From the reaction functions for undisclosed bids (equations 3.1 and 3.2) we can clearly see that
qw (6;) and qr, (6;) are not explicitly solvable, since the lack of knowledge about the functional
forms of gy (0;) and ¢ (6;) makes it impossible for us to integrate them. For our case with
assumptions of linear functions (we assume ¢y, (01) = ar + 5.0 and qw (0w ) = aw + Swbw), we
get 2o +ap = 45 — (Qﬁw+%—%)ew and aw+2aL:“%‘3—BTW— (57W+25L)9L.

Now, by assumption, ay and «aj, are independent of #y, and ;. Therefore we must have, 28y +
b _ % =0 and ’BTW + 208, = 0. Solving these two equations we obtain, [y = % and (B = —%

2 56"
Thus we also obtain ay = 15(a —c¢) +4] and af = 15(a —c) —8].

45b [ 45b [

"Note that our original analysis does not require this simplified assumption. We are assume linearity here first
of all only to illustrate our main results, and secondly to show that their at least exists an equilibrium possibly in
linear form.
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Therefore we get our intended equilibrium quantities for the winning and the losing firms respec-

tively as ¢&, (Ow) = 150 455

The next example shows that depending on 6y, and 6, we may have any one of the above mentioned

cases.

Example 3.12. We know that ¢f, = “703;2729”/ = 95+ 3b9W’ qF = 6“63% = ¢ - %HW,

aiy (Ow) = (% + 4§>b) 15b8W and qf (0r) = (% - %) - 15b9L

Note that gfy, (0w) = ¢ (6w) z‘ffew 22 0 (0w) Z gk (0,) if fOL S (—4 + 364) and gl () +
QL (QL) 2(aéb6) 15b9W 15b0L 4567 therefore

a—c) oy < Ow *
2=yt < [leW) Y a3 (01) dF (01) + s fe aiy (Ow) dF (ew)}
4

2

=
<
First, note that if Oy < ;—9, then it is better for the government to suppress the information before
the auction. Again if Oy > lﬁL —|— %, then it is better to disclose the information before the
auction. Finally in case of -2 500+ 39 = Oy, the government is indifferent between suppressing or

disclosing the information.

Remark 3.13. In case of Second Price Sealed Bid Auction the expected profit function for the

winning firm is given by Ilyy = (a — ¢+ 0w ) gw — b (qw + g1 (01)) gw and that for the losing firm
0

isIl, = [ [(a—¢)qr —b(gw (Ow;0L) + qr) qr] dF (Ow|0w > 01). From these two equations we can
0r,

find the reaction functions as 2qw + qr (0r) = =5 and 2¢r, + 45~ f qw (Ow;0L) dF (Ow) =

“5°. Proceeding analogously as the previous analysis it can be shown that

2(@—6)+9W
3

ASW g 0 iff q;, (01)

VIIA

0
- Ty . g Ot P )

The equilibrium bidding strategy in the first stage for undisclosed bids is given by h(0;) =

6
T3, (6:; 6;)—TT;, (6;) and that for fully disclosed bids is given by h (6;) = @=200°_ [ =0 g g,y
0;

(1= F(6,)) f (6:) =
Remark 3.14. For an all-pay auction, the analysis of the second stage game will be the same as

that for the first price sealed-bid auction. Only the bidding strategies will be different. h (6;) =
0; 2 0 ) 2

Ik % -/ m_cg)—_be’)ZdF (6;) — % (1= F(2))| dF (%) is the equilibrium bidding strat-
0 z
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egy in the first stage for fully disclosed bids and that for undisclosed bids is given by h (6;) =
f HW@ ZZ HLi (Zl>] dF (Zz)
(%)

4 Case of Bertrand Competition

4.1 Bidding Strategies

Blume (2003) has analyzed Bertrand competition with homogeneous products and different marginal
costs and has established an equilibrium in undominated strategies. In such an equilibrium, the
“conventional outcome” in which “the low-cost firm charges a price equal to the high-cost firm’s
cost 1s supported by an equilibrium under standard rationing rule that both firms split the market
if their prices coincide. Moreover, any equilibrium that supports this outcome has the appealing
property that it does not rely on the use of dominated strategies.” Here, it seems a good idea to

elaborate a little bit on Blume’s analysis.

Blume (2003) considers two firms with commonly known marginal costs ¢; and ¢y respectively,
where ¢; < co. Both the firms produce identical products and face a strictly decreasing and
differentiable market demand function D (p) on [0,p] with ¢ < p < oo. The price that the low-
cost firm would charge, in case it were a monopolist, p™ (¢;), satisfies co < p™ (¢;). Blume (2003)
claims that, for small enough n > 0, the low-cost firm charging a price coand the high-cost firm

randomizing uniformly over [y, ¢o + 1], constitutes an equilibrium.

Thus, from the analysis presented by Blume (2003), we can straightaway find out the prevailing
price and thus quantity levels for the second stage of our concerned game. Very evidently the
price in the second stage will be P = ¢ which is the cost of both the firms before the sale of the
cost-reducing technological innovation and thus it remains the cost of the losing firm in the first
stage auction (as a consequence the losing firm becomes the high-cost firm). The winning firm in
the first stage experiences a positive profit in the second stage since its cost in the second stage
is (¢ — Oy ) and it charges a price c¢. Here the disclosure of the bids plays no role since the very
information that the losing firm’s marginal cost is higher than that of the winning firm is sufficient
to ensure an outcome where the winning and therefore the low-cost firm charges a price P = ¢
. The knowledge of the losing firm’s type does not have any impact on the price decision of the
winning firm. Therefore, the outcome will be the same irrespective of the bid being disclosed after

the auction in the first stage. The profit earned by the winning firm in the second stage is

Oy = Owq(c)
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The losing firm, however, always earns a zero profit in the second stage. Therefore, the expected
payoff in the first stage for a first price sealed-bid auction for any firm ¢ , when it submits a bid

b(z;), pretending to have a type z; when its true type is ; , can be written as

EIL] = F(z) (6iq (c) = b(2))

From the first order condition for maximization of this expected payoff function, we obtain

OE[L] __
0z 0

= 0ig () f (z:) = [b(2) F ()] =0

At a symmetric equilibrium z; = 6; , so that we can write the above equation as

Oiq (c) £ (6:) — [b(6;) F (6;)) =0

= b(0;) = q(c) [ i F(lgi) F(y) dy]

o— o

To check first whether b(6;) is indeed increasing in 6, , we differentiate both sides of the above
equation with respect to 6; , and thus obtain b/ (6;) > 0. To check for a maximum, we proceed
o B(lL] s=0;, = —q(c) f(0;) <0 . Thus the second order

2
02

condition is also satisfied. Therefore, b(6;) indeed constitutes an equilibrium for this first price

to check the second order condition as

sealed-bid auction.

4.2 Level of Social Welfare

Here the level of social welfare is simply the sum of the consumer surplus and the producer surplus
since the payment of the winning firm is equal to the revenue earned by the government. So in the
calculation of the total social surplus, these payments and revenue terms will cancel each other out.
The total social welfare will therefore be equal to the sum of consumer surplus (C'S) and producer
surplus (PS) in all the three types of auctions'. In each case C'S and PS are the same since the
price, and therefore quantity, are decided independent of the information regarding type or the
payment rule in the first stage auction. We can easily verify that C'S = 169" 214 PS = @HW

2 b

Thus the total social welfare would be SW = CS + PS = W. It is evident from the

above analysis, that the level of social welfare under the Bertrand type of competition in the second

stage is independent of the bid disclosure policy and the type of auction.

12We have considered the same market demand function as that in Cournot.
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Remark 4.1. In case of Second Price Sealed Bid Auction, the expected payoﬁ function can be
written as E [IL;] = F (z;) (6iq (c) — E(b(0;) 10; < z:)) = F () 6iq (c f b (6 ;) df;. Following

the routine procedure we can calculate the corresponding bidding Strategy in a truthful equilibrium
as b(0;) = 0;q(c).

E ;] = F(2;) 0;q(c) — b(z;) is the expected payoff functions of the firms for the all—pay auction.

Again we can show that the bidding strategy in this case is given by b (6;) fyf

For both the types of auctions the levels of social welfare remain unaffected by the bid disclosure

policy.

5 Conclusion

In this paper we have analyzed a two-stage game where in the first stage a cost-reducing production
technique is sold through a first-price sealed bid auction. We have considered only two bidders
for the present analysis who are competitors in an oligopolistic market in the second stage. Since
there is only one unit of the cost-reducing production technique, therefore only one firm can make
use of it in the second stage. Before the adoption of this cost reducing production technique,
the cost structures of the firms have been assumed to be identical and common knowledge. The
cost reduction resulting from the adoption of this production technique has been assumed to be
different for the firms and a private information for each firm. Thus the amount of cost reduction
constitutes the type of each firm in our analysis. The types of the firms have been assumed to be
distributed over the same interval following the same distribution function and both of these have
been assumed to be common knowledge. Based on this type, each firm submits a bid in the first

period auction.

For the second stage, where the firms compete in an oligopolistic market, we have considered
two alternative market structures, one is a Cournot competition and the other one is a Bertrand
competition. Depending on these two alternative structures the bid functions in a symmetric
equilibrium in the first stage auction have been calculated. We have assumed the auctioneer to
be a social welfare maximizing agent whom we have termed as the government. The government
chooses to announce or not to announce the bids after the first stage when the auction gets over
and before the competition in the second stage starts. Whether the bids would be disclosed or
suppressed after the first stage auction is announced before the auction itself. Depending on
whether the information regarding bids is revealed, the output levels of the firms in a Cournot

type of competitive market vary. We have compared the total social welfare levels for both these
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cases under a Cournot competition and have calculated the outcomes under different parametric
restrictions. Our results suggest that the industry output, consumer surplus and the level of social
welfare in a Cournot type of industry is higher when the government chooses to announce the
bids after the first stage auction, provided the total expected output of the industry under the
undisclosed bid regime is lower than the total industry output in the Cournot competition with
fully disclosed bids. We have also provided illustrative examples for all the above mentioned cases.
Finally, we have shown that the prevailing price will always remain equal to the marginal cost
of the firms before the adoption of the cost-reducing production technique even though only two
firms are competing in a Bertrand type of competition. Therefore the bid revelation policy will
have no impact on the level of social welfare when the the second stage oligopolistic competition

is of a Bertrand type.

These results have significant policy implications. First, they show that it is not always optimum
for the government to reveal the bids as most of the governments do after the auction in reality.
Second, as the choice of the government does not have any impact on the social welfare under
Bertrand competition, government now decides whether to reveal the bids or not by looking at
the after-market type. Finally, since the paper fully characterizes the parametric conditions of bid
revelation, one only needs to find a mechanism that reveals these parametric conditions before the

auction takes place.

An interesting extension of this analysis will be to study the case of Cournot competition involving
more than two firms when the bids are not disclosed after the first stage auction. Another inter-
esting exercise would be to design a mechanism such that the government can optimally decide
whether to reveal or suppress the bids after the first stage auction ex ante. Both of these questions

can be taken up for future research.
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Appendix

A Proof of the Theorem 3.1

First, differentiating equation 3.1 with respect to Oy we get

dg; O
%%—%?)W P (01) dF (1) + i (0w) f (Bw) = &

dq’, 9 ”
B = 5%+ 50 | Fow do ((’L)dF U’L) —q; (9w)]

dayy 0 Wk

T hﬂ%r — 3 a3/ (62) F (61) d01) — g (6w)]
day, S (Ow) Ow */

dg—w_i_%’e )2f (QL)deL

So the change in equilibrium output of the winning firm with respect to 6y is given by the equation

below

dyy 1 f(Ow) [ .

Next, differentiating equation 3.2 with respect to 6, we get
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29+ A [ qW (0w) dF (0w) — 25 aiv (Ow) f (Bw) =0

Ellg_i == (1f(zi€gL)) = fe Gy (01) dF (Ow) — @iy (0r)

ng = Oﬂ% G <0 ) + F @ [[Q;V (@) — av (00)] - W (Ow) F (Qw)d(‘)w] — Qiy (‘9L>}
legi 2(1— F9L “q _ _qW HL] feL (9W)d9W]

So the change in equilibrium output of firm the losing firm with respect to 6 is given by the

equation below

dg, f(0r) N B 5*/
b, 21 F(6,) [[qw () — aiv (61)] /eLqW(QW)F(QW)dQW] (A.2)

From the equations A.1 and A.2 the theorem is trivial.

B Proof of the Theorem 3.2

We will prove this theorem by using Theorem 3.1.

Firstly note that from equation 3.1 we get

2qW+F(0 fe qr QL)dF( L) = CH)W

. (B.1)
Ji ar (01) dF (01) = F (0w) (=52 — 2qy)
and from equation 3.2 we get
0 a—c
m fgL aw (Bw) dF (0w ) + 2q1, = %5* (B.2)
Joy aw () dF (Byw) = (1= F (61)) (%3¢ — 201)
Now, substituting equation B.1 in Iy, we get
Iy
* * b v 9 *
= [(I —Cc+ ew] qw — bqwg — % QW qw (Qw) dF (ew) (B3)

= o —c+ 0wl gi — bait — 7S F (Ow) (=52 — 2qw)
= byt (Ow)

Similarly, substituting equation B.2 in II; we get
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17,
= [G—C] qr, —bq% mfeL QW )dF (GW)

2 bqr, a—c (B4)
= la—cqr =g} — q=Foyy (1= F (0)) (%3¢ — 2q1)
= bQZQ (0r)
Finally, note that
dily, o, . dayy
B 2bqyy (Ow) B (B.5)
and
dI;, da;
= 2bg* —= B.
d@L qu (9[/) deL ( 6)
From equations B.5 and B.6 and from Theorem 3.1 we can trivially prove this theorem.
C Proof of the Theorem 3.3
From the first order condition of the expected profit maximization we get
i (0:) f (21) = W (2) F (2) = f(20) h (i) = i (63) f (2:) = 0
[y (0:) — i (0:)] f (2i) dzi = d[F (2:) b (2)]
h(0:) = w5y [T (23) = g (2)] dF (24) (C.1)
B (6:) = w [ [T (6:) = T (0] F ) - Iy [Hém ) — I, ()| F () dz)
P0:) = [T (6:) = T2 (0] — gy Sy [ (20) = T, (20)] P ()
From the above equation we get
f) [

f dgg“ > 0. Let us now check the second

order condition of the expected payoff maximization. Suppose the actual type of the bidder 7 is 6;

The last inequality follows from the assumption Vi and V6,

but she bids according to the type 0;. Her expected payoff is given below.
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Our objective is to show that given 6;, the expression [EHi (0;,6;) — ETI; <0i, 91)] has a minimum

at §; = 6;, and that minimum value is equal to zero. Note that at 6; = 6;, [EHZ» (0;,0;) — ETI; <9i, 01)] =
0.

Note that

|1 (6;,0) — BT (6:,6;)|
= f;; [Héw (0;) — T1}, (91‘)] F(6;) do; (C.3)
—F (0:) [{Tws (0) = T3 (0} = {Tlwi (8:) = 1054 (6) }]
we want to minimize the above equation by choosing 6, given 6.

The first order condition of the minimization problem yields

— [y (05) — i (0)] f (éz) + [HWi (@) — 1z, <§z } f (@) =0
OR,  [Mws (6;) — Tz, (6:)) = [Ty (8:) = T (6)
The above equation is satisfied at 6; = 6;. So [Eﬂi (0;,0;) — ETI; (Qi, 91)] is optimized at 6; = 6;.

To check whether it is minimized or not we proceed to check the second order condition at this

point. The second order condition is given below

~ M (6) ~ T 6]/ ﬁe})
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dqu

7‘d9>0

The last inequality follows from the assumption Vi and V6

So, from equation C.2, Theorem 3.1 and 3.2, we can prove this theorem.

D Proof of the Theorem 3.5

Note that

* 0 * a—c¢
245y + vy Jo (9L) (ZF (0r) = =5
2QI>§V _ a— c+9w ew) f w * QL dF (QL)

and

TG ( fe ¢ (Ow) dF (Ow) + 2q; = %3¢
= “bc — =Fay Jo, v (Ow) dF (6w)

l\D

Adding both the equations we get

2(@—c)+60y 1| 1 Ow 1 0
: * = - = T (0r)dF (6 _— v (Ow) dF (0
Therefore,
Qr= Qs
& Moty _ Mooty o 2 { D (0L) dF (0,) + FE) fe Gy (Ow) dF (QW)} =

a—c < 9W *
o Moo <1 [F(;W) (eL) dF (0,) + i Ja diy (Ow) dF (ew)}

E  Proof of the Theorem 3.6

Consumer Surplus (CS) under fully disclosed bids is given by

1
OS" = b (b + )’

Consumer surplus under undisclosed bids can be written as
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1
Os* = b (afy + gr)’

The rest of the proof trivially follows from the above theorem (Theorem:3.5).

F  Proof of the Theorem 3.7

Note that

AGP

= (ah)” + (a£)” ~ (af)” — (af)’]

= b [(afy +aiv) (afy — aiy) + (¢ +af) (af —ar)]
Case 1: (¢l > ¢l and ¢f > ¢F) The proof is trivial.

Case 2: (¢fy > qly and ¢F < ¢F)

AGP
= b [(aly + aft) (aly — afv) + (¢ +af) (4f — af)]

ANV
o

AV

Since (qfy + q) = (¢f + ¢f)and note that

(afy + ) = (b + ab)
= (afy —dk) Z ¢k —daf) >0

Case 3: (¢l < qiy and ¢f > ¢F) The proof is similar to the proof of Case 2.

Case 4: (¢l < gy and ¢f < ¢F) The proof is trivial.
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