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Abstract This paper addresses the effectiveness of auctions and legal unbundling

as regulatory measures to tender a vertically integrated industry more competitive.

Specifically, I analyze if implementing auctions and legal unbundling can counter

market power in an industry where a Vertically Integrated Corporation (VIC) has a

monopoly position in an essential, scarce upstream activity and also owns one of the

firms active in the competitive downstream activity. In an earlier paper, Van Koten

(2011), I showed that in this configuration the VIC, by having its downstream firm

bid more aggressively, can—through increased auction revenue—increase its profit,

while disadvantaging downstream competitors and lowering efficiency. Here I

analyze the regulatory measure of also legally separating the downstream firm from

the VIC. I show that such a measure may only be partially effective; the VIC can

formulate a simple compensation scheme that does not violate restrictions typically

imposed by legal separation but induces the manager of the VIC-owned downstream

firm to bid more aggressively. This increases the profits of the VIC, decreases

efficiency, and disadvantages downstream competitors.
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1 Introduction

This paper addresses the effectiveness of auctions and legal unbundling as

regulatory measures to make a vertically integrated activity more competitive. I

analyze a setup in which an unregulated upstream producer sells scarce access rights

to a bottleneck network that connects to a distant, super-profitable market. The

access rights are scarce in the sense that they are in excess demand. The upstream

producer is vertically integrated into a Vertically Integrated Corporation (VIC) with

a downstream firm (henceforth ‘‘the downstream integrated firm’’) that competes

with the other independent downstream firm in the auction for the scarce access

rights. Figure 1 shows the basic setup.

An example of such a setup can be found in the EU electricity market.1 The

upstream producer is a network firm that operates an unregulated cross-border

transmission line that can export electricity to a foreign country. Such transmission

lines are called interconnectors. Downstream firms are domestic electricity

generation firms that compete for access to the interconnector. The electricity

market in such a foreign country is, from the point of view of domestic firms, a super-

profitable, exclusive market when the expected clearing price is high and the

interconnector capacity scarce. There is indeed a dramatic shortage of interconnector

capacity between the EU countries, which, most of the time, prevents price

convergence between different EU countries (European Commission 2007; Euro-

pean Climate Foundation 2010). As a result, access rights for export on the

interconnector mostly have a positive value. Electricity generators may also be able

to produce for a domestic downstream market where they do not need to obtain

scarce access rights to interconnector capacity, but instead to gain access to a

regulated national transmission network. My analysis does not address the allocation

of capacity on national lines. For such analysis see, amongst others, Vickers (1995),

Biglaiser and DeGraba (2001), Höfler and Kranz (2007), and Øystein et al. (2007).

Because of the shortage of interconnector capacity between the EU countries,

new EU laws allow firms, conditional on approval by the national regulators, to

build and operate unregulated interconnectors for profit. Such for-profit lines are

called merchant interconnectors. EU laws will probably in most cases require

merchant interconnectors to allocate capacity non-discriminatorily (European

Commission 2004, art. 19 and art. 34; 2009; CRE 2010, p. 4). An auction is the

most straightforward manner by which to implement a non-discriminatory

allocation of capacity in the electricity industry (ERGEG 2009). At the moment,

not many merchant interconnectors have been built yet, but probably many more

will be built in the future, especially by corporations that are also active in

electricity generation (de Hauteclocque and Rious 2009; Van Koten 2011). As a

result, a vertically integrated corporation may own a merchant interconnector (the

upstream producer) and an electricity generation firm (the downstream integrated

firm), and thus be competing in an auction for access to its own interconnector (the

scarce upstream good).

1 This part draws on Van Koten (2011) and Van Koten and Ortmann (2008), where a more detailed

account can be found.

Eur J Law Econ

123



Burkart (1995) and Van Koten (2011) show that in such an auction the

downstream integrated firm will bid more aggressively, leading to inefficient and

discriminatory outcomes. The integrated firm is more likely to win the auction and

the profitability of the competing downstream firms is decreased. Van Koten (2011)

shows that the legal unbundling of the upstream producer, while guaranteeing that

the auction is fair, does not remediate the negative effects of inefficiency and

discrimination. The negative effects are caused by the downstream integrated firm

maximizing the joint profit made by itself and the upstream producer, and thus

bidding more aggressively to increase the auction revenue. I therefore examine the

effectiveness of an additional remedy that aims to neutralize the incentive of the

downstream integrated firm to bid more aggressively: the remedy of legally

separating the downstream integrated firm from the Vertically Integrated Corpo-

ration (VIC) that owns both the upstream producer and downstream firm.2 I use

legal separation as specified in the EU (European Commission 2009, article 14).

While the VIC retains the ownership of the downstream integrated firm, and is thus

the residual claimant of its profit, it is not allowed to intervene in the day-to-day

decision making of the downstream integrated firm. And while the VIC has the right

to periodically (e.g. bi-annual) set performance criteria and bonus schemes, these

criteria and schemes may depend only on the outcomes of the downstream firm (and

not on the outcomes of other—upstream—activities of the VIC).3

The assumption that legal separation can be enforced by the regulator and that the

VIC can thus be prevented from giving day-to-day instructions to its affiliated

downstream firm is central to this analysis. If legal separation cannot be enforced,

then the VIC can instruct the downstream firm directly to maximize the total VIC

profits. Such a setting has been analyzed in Van Koten (2011). However, legal

separation often figures as a policy measure, which suggests that—at least in policy

Legally SeparatedLegally Separated

Independent
Downstream

Firm

Super-Profitable 
Distant
Market

Vertically Integrated Corporation (VIC)Vertically Integrated Corporation (VIC)

Legally SeparatedLegally Separated

Integrated
Downstream

Firm

AccessAccessUpstream
Firm

Bid in auctionBid in auction

Fig. 1 Competition for access rights by independent and integrated downstream firms

2 Legal separation is sometimes also called legal unbundling.
3 This is a realistic requirement: the European Commission, for example, inspects whether performance

schemes for managers in legally separated electricity and gas network companies (both upstream

activities) are independent of the other activities of the VIC (Gómez-Acebo et al. 2005, 25–27).
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circles—there is a strong belief in its effectiveness. This study may also be of value

to those who are more skeptical of the effectiveness of legal separation, as the

results show that even if legal separation can be enforced, it will likely not be very

effective: The VIC has alternative ways to influence its affiliated downstream firm

to act in a way that approximates the maximization of the VIC profits.

When intervention in day-to-day decision making is outlawed, the VIC must

delegate decision power to the manager of the now legally independent downstream

firm. The VIC can, however, still influence the manager’s decisions by setting an

ex-ante compensation scheme. The literature on strategic managerial delegation has

shown that when an owner must commit to a compensation scheme, he has

incentives to set the compensation for his manager as a linear combination of profit

and revenue (Vickers 1985; Fershtman and Judd 1987; Sklivas 1987). I modify such

a compensation scheme for use in an auctions setting and show that it would be

profitable to offer this compensation scheme to the manager of the legally separated

downstream firm.4 The compensation scheme I consider respects the legal

independence of the downstream firm; compensation is based on performance

indicators of the downstream firm only. I assume that the other competing

independent downstream firms are maximizing profits, as their owners are not able

to commit credibly to a compensation scheme other than that of maximizing profits.

Earlier papers examine the effects of the vertical integration of an upstream

monopolist with a firm in the competitive downstream market. Vickers (1995),

Biglaiser and DeGraba (2001), Øystein et al. (2007), and Höfler and Kranz (2007)

examine the effect of the upstream price on outcomes in the downstream market.

Outcomes in the downstream market are determined by Cournot competition

(Vickers 1995; Øystein et al. 2007), by competition on a Hotelling line (Biglaiser

and DeGraba, 2001), or are—for maximum generality—left unspecified (Höfler and

Kranz 2007). Øystein et al. (2007) assume that a non-discrimination regulation

could affect the internal organization of the integrated downstream firm in such a

way that the downstream firm acts as if it were an independent firm that faces the

same net costs of purchasing the upstream input as other downstream firms. Øystein

et al. (2007) do not specify the mechanisms that implement non-discrimination and

how these mechanisms may affect or interact with the behavior of the firms. In

contrast, I examine the specific mechanisms of legal separation: outlawing day-to-

day instructions and requiring compensation schemes to be based on the

performance of the downstream integrated firm only, and I show how these

mechanisms may interact with the behavior of the VIC and the downstream

integrated firm. Legal separation is the most rigorous remedy—short of ownership

separation—for implementing non-discrimination.

In the above papers, it is show that the effect of vertical integration is that

downstream integrated firms have a cost advantage over their independent

competitors. When purchasing the upstream inputs, downstream integrated firms

face a net cost equal to the (low) marginal cost of production and not the higher

4 It is possible to consider more general forms of compensation schemes, e.g. non-linear ones, but the

compensation scheme under consideration suffices to show that the holding company can increase its

profits this way. Moreover, linear compensation schemes seem to be widely used (Dixit 2002).
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regulated price. As a result of this cost advantage, downstream integrated firms

produce more than their independent competitors. My paper is similar in that it is

shown that the downstream integrated firm, due to the vertical integration, does not

face the same net costs as other firms when buying the upstream input. In the above

papers, outcomes for the upstream market are trivial: the price of the upstream input

is given ex-ante by a regulator and the upstream input is in abundant supply: The

focus of the analyses in the above papers is on the outcomes in the downstream

market. In contrast, my focus is on outcomes in the upstream market. The price of

the upstream input is determined by the competing downstream firms bidding in the

auction. I further assume that the downstream firms form a rational expectation of the

price in the distant, super-profitable market and that they have the same expectation

of the price. The price in the distant, super-profitable market is determined in a

rational way, taking in account the extra supply resulting from the bottleneck

network. For ease of exposure, I will assume that is done by perfect competition. In

the example of merchant interconnectors, the price in the foreign country (the distant,

super-profitable market) is determined by competition among the foreign down-

stream producers, taking into account the given, fixed import of electricity over the

interconnector. See Joskow and Tirole (2005) for an example of such a setup. These

assumptions ensure that both downstream firms will value access to the distant

market and will thus make positive bids in the auction for access.

The compensation scheme I use for the manager of the downstream integrated

firm—a linear combination of profit and revenue—was originally proposed by

Vickers (1985), Fershtman and Judd (1987) and Sklivas (1987) and is here modified

for application in an auctions setting. In Vickers (1985), Fershtman and Judd (1987),

and Sklivas (1987), the incentive for the VIC to offer his manager a compensation

scheme is to create a strategic interaction effect. This effect is absent in second-

price auctions and plays only a minor role in first-price auctions. In this paper the

main incentive to offer a compensation scheme is to have the downstream integrated

firm internalize (at least a part of) the positive effect of higher auction revenues on

the profit of the upstream firm.

Øystein et al. (2007) also apply the strategic delegation framework of Vickers

(1985), Fershtman and Judd (1987), and Sklivas (1987) and assume that owners of

all firms, both integrated and independent, can implement compensation schemes.5

This is, however, not a realistic assumption. Owners may have the incentive to

announce a compensation scheme, but they also have the incentive to secretly

instruct their manager to maximize profits. Without a commitment device to ‘‘tie

their hands’’, independent firms cannot commit to a compensation scheme

(Dewatripont 1988; Katz 1991; Williamson 1983). The legal separation of firms,

verified and enforced by a regulator, is a commitment device.6 I therefore assume

5 I use the term ‘‘compensation scheme’’, for compensation schemes with a strictly positive weight on

revenues. I use the term ‘‘maximizing profit’’ for compensation schemes with a zero weight on revenues

and a positive weight on profits.
6 This assumption may be disputed. If the VIC can circumvent the legal separation and give—illegally—

day-to-day instructions to its affiliated downstream firm, then the VIC cannot credibly commit to a cost

weight. However, the VIC can then instruct the downstream firm to maximize the total profits of the VIC,

a setting that has been analyzed in Van Koten (2011).
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that only the VIC, the owner of the legally separated downstream integrated firm,

can commit to a compensation scheme.

The remainder of this paper is organized as follows. In the next sections, I

analyze the effects of compensation schemes on the outcomes of auctions. I first

describe the general setup of the model, then determine the equilibrium bidding

functions of bidders and the equilibrium compensation scheme in second-price

auctions (for any number of competing downstream firms), and show the effects on

profits and welfare. I then determine the equilibrium bidding functions of bidders

and the equilibrium compensation scheme in first-price auctions (for one competing

downstream firm) and again show the effects on profits and welfare. I conclude by

discussing the implications of my results for regulation policy.

2 The model

I assume that a downstream firm does not know the value of its competitors for the

good to be auctioned: it thus treats it as a random variable, drawn from a distribution

which, for the sake of tractability, I will assume to be uniform.7 This assumption

allows me to derive closed-form expressions. I further assume that a VIC fully

owns the downstream firm and a part c of the upstream firm that organizes the

auction.

Two types of bidders participate in the auction. The first is a downstream firm

owned by the VIC, labeled as integrated bidder V. In the analyses there is only one,

unique integrated bidder V. The second type is a downstream independent firm,

labeled as independent bidder X. When analyzing outcomes in the second price

auction, I will allow for any number n of independent bidders X. In the first price

auction, which is mathematically more complex than the second price auction, I will

allow for only one independent bidder X, so as to be able to derive a closed-form

solution. The bidding function of integrated bidder V is determined by its manager,

referred to as manager Vm. Manager Vm receives remuneration according to a

compensation scheme set by the VIC. The other type of firm, X, is independent and

the firm owner cannot credibly offer its manager (‘‘Xm’’) incentives that differ from

profits maximization (Dewatripont 1988; Katz 1991; Williamson 1983). As a result,

the bidding incentives of a manager ‘‘Xm’’ and his firm X are identical, and I will

thus not distinguish between the two and will refer to the independent firm type as

an independent bidder X.

In line with the literature, I assume that there exists a differentiable, strictly

increasing bidding strategy bV[�] (bX[�]), that maps a bidder’s realized value

uV [ [0, 1] (uX [ [0, 1]) into its bid bV[vV] (bX[�]).8 It follows from this that the

7 See Van Koten (2011) for examples of the EU and US electricity industry where bidders have randomly

distributed values in transmission capacity. See also Schöne (2009) and Parisio and Bosco (2008).
8 The strategies bV[�] and bX[�] (and their respective inverses v[�] and x[�]) are dependent on the

ownership share c. For notational convenience I will not include the variable ‘‘c’’ in the derivation to

follow. I allow for a bidding function b[�] to be strictly increasing on an interval ½0; �u� with �u : 0\�u\1

and then to be flat on ½�u; 1�. In this case the inverse is only defined on ½0; �u�.
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bidding strategy bV[�] (bX[�]) has an inverse v[�] (x[�]) such that v[bV[uV]] = uV

(x[bX[uX]] = uX).

The VIC wants to maximize the joint profit from its downstream and upstream

firms. Because of legal separation, the VIC cannot influence the day-to-day

decision-making of its integrated downstream firm V. It therefore offers its manager

Vm a compensation scheme that serves its interests best, while respecting the rules

for legal unbundling.9 For the compensation schemes to be effective, it must be

credible: it should be a part of a Nash equilibrium.

One possibility, as considered by Vickers (1985), Fershtman and Judd (1987) and

Sklivas (1987), is to give manager Vm a compensation w proportional to a linear

combination of profits and revenue.10 Sklivas (1987) shows that such a compen-

sation scheme w is equal to a proportion of the revenues minus costs, where the

costs are weighted by a factor a.

w ¼ i � ðapþ ð1� aÞRÞ; ð1Þ

where w is the compensation, p is the profit, R is the revenue, a is the linear weight,

and i denotes the proportion,

¼ i � ðaðR� cÞ þ ð1� aÞRÞ;
¼ i � ðR� acÞ:

From here on, I will refer to factor a as the cost weight. Setting a [ 1 gives the

manager the incentive to be more concerned about costs and less about revenue.

Such a manager can thus be expected to be less focused on expansion and more on

cost-cutting. In contrast, setting a \ 1 gives the manager the incentive to be less

concerned about costs and more about revenue. Such a manager can thus be

expected to be more aggressive and more focused on expansion in the market. From

this perspective, normal profit maximization is the special case where the cost

weight is set equal to unity: a = 1.

Proportion i is determined endogenously in the model. As the expected

compensation for manager Vm must equal his reservation wage w0, proportion i is

determined by E[w] = E[i� (R - ac)] = w0. In an auction, the costs and returns are

expected values that are endogenously determined by the bids. In this case,

the expected compensation for manager Vm is E[w] = i � x[bV](uV - abV). The

expected value of the auction, x[bV]uV, corresponds to the revenue11 and the

expected payment, x[bV]abV, is the expected cost of realizing the ‘‘revenue’’.

9 For a compensation scheme not to violate legal independence, it ought to be based on performance

indicators of downstream firm V only, and not on profit indicators of the VIC or the upstream firm.
10 Fershtman and Judd (1987) and Sklivas (1987) considered the effect of compensation schemes in the

context of two competing firms who each have a manager that makes the crucial output and pricing

decisions. They found that, due to an interactive effect, the optimal compensation scheme has a cost

weight a such that a [ 1 (a \ 1) for Bertrand competition (Cournot competition); the optimal

compensation scheme exaggerates (understates) part of the costs and makes the firms competing weaker

(stronger). The firms become ‘‘fat cats’’ (‘‘top dogs’’) in the sense of Fudenberg and Tirole (1984).
11 We will see shortly that x[bV] is the probability of manager Vm winning the auction.
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3 Results

3.1 Second-price auctions

It is a well-known result that in second-price auctions, bidders have a weakly

dominant strategy to set their bid equal to their value, regardless of the number of

bidders in the auction or their bidding strategies (e.g., see Krishna 2002). Therefore,

the independent bidders X will bid their values. Manager Vm effectively only pays

proportion a of his bid, and thus set a times his bid equal to his value: abV = uV. As

a result, Vm will thus bid bV ½uV � ¼ uV

a . Proposition 1 summarizes the result.

Proposition 1 In a second-price auction with n ? 1 bidders, of which n are
independent and one is integrated, the independent bidders bid their values,
bX[uX] = uX, and the integrated bidder bids bV ½uV � ¼ uV

a ,12 for any n C 1.

The result in Proposition 1 is general and holds for any distribution of values.

Cost weight a modulates the aggressiveness of bidding of manager Vm; a cost

weight smaller than one induces him to bid more aggressively, and one larger than

one to bid less aggressively. This is an intuitive result: a cost weight smaller (larger)

than one makes the manager less (more) concerned about costs and more (less)

about revenues. The VIC sets the cost weight so as to maximize its profit function.

This profit function can be characterized as follows:

pðnÞVIP;uY � a½uV � ¼ PrV wins; uY � a½bV � � uV � ð1� cÞ � mV ;uV � a½bV � þ c � mPX;uV � a½bV �;

ð2Þ

with PV wins;uV � a½bV � ¼ bn
V , mV;uV � a½bV � ¼ E½highest bid from n biddersjV wins and

uV � a�Þ, mPX;uV � a½bV � ¼ Pr½V has 2nd highest bid� � bV þ
Pnþ1

i¼3

Pr½V has ith highest

bid� � E½2nd highest bid from n� 1 biddersjV has ith highest bid�:
The first term, PrV wins;uY � a½bV � � uV , is the expected value of the good for the

VIC; the probability that V wins times the value of the good. The second term,

ð1� cÞ � mV ;uV � a½bV �, is the net expected auction revenue that V pays; this is equal

to 1 - c times the highest expected bid from the n competing independent bidders

conditional on V winning. The third term, c � mPX;uV � a½bV �, is equal to the

proportion of ownership by the VIC, c, times the expected payment of all the

independent bidders Xi, conditional on V losing. V can lose either by having the 2nd

highest bid or by having a lower bid. When V has the 2nd highest bid, it loses the

auction and sets the price to be paid by the winner of the auction; the winning

independent bidder Xi must thus pay the bid of V, bV. When V has a bid lower than

the 2nd highest bid, it loses the auction and does not set the price; the expected

payment by a winning independent bidder is the 2nd highest bid from the (n - i)
independent bidders that have a higher bid than V.

12 Strictly spoken, when uY C a, any bidding strategy bV[uV] C 1 is a Nash-Equilibrium. All auction

outcomes and profits are the same for these strategies (the integrated bidder wins and pays the second

highest bid), and I will thus restrict my treatment to the strategy bV ½uV � ¼ uV

a without loss of generality.
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Assuming that values are drawn from independent and uniform distributions, the

VIC can set an optimal cost weight that maximizes the profit function. Proposition 2

presents the result.

Proposition 2 In a second-price auction with n ? 1 bidders, of which n are
independent and one is integrated, the VIC sets the cost weight for the integrated

bidder equal to aðnÞ½c� ¼ 1� c
nþ1

, for any n C 1.

Proof See the ‘‘Appendix’’.

Proposition 2 has two interesting implications. Firstly, note that for the ownership

proportion 0\c\1 : 1
2
\aðnÞ½c�\1, and that the cost weight decreases in the

ownership share: the VIC wants the integrated bidder to bid more aggressively, and

increasingly so as the VIC owns a larger share c of the upstream firm. Bidding more

aggressively makes independent bidders X pay more when they win the auction,

which increases the profits of the VIC. Also, the higher the number n of independent

firms, the higher the expected auction revenue and the smaller the relative gain of

bidding aggressively. Figure 2 shows the bidding functions of integrated bidder

V for different ownership shares when V competes with one independent bidder X.

Secondly, note that aðnÞ½0� ¼ 1: a VIC that has no ownership share in the

upstream firm prefers its bidder to maximize profits in second-price auctions. This

explains why the owner of independent bidder X has no incentive to offer its

manager ‘‘Xm’’ a similar compensation scheme—he has no ownership share in the

upstream firm and thus does not receive a share of the auction outcomes. The effects

on auction outcomes are summarized by Proposition 3.

Proposition 3 In a second-price auction with n ? 1 bidders, of which n are

independent and one is integrated and has cost weight aðnÞ½c� ¼ 1� c
nþ1

, where

values are distributed independently and uniformly on [0,1], the independent
bidders bid their value, and the integrated bidder bids bV ½uV � ¼ uVð1þ c

nþ1�cÞ, for

any n C 1. As a result, with increasing c:

0.2 0.4 0.6 0.8 1

0.2

0.4

0.6

0.8

1

γ

Fig. 2 The bidding function of
integrated bidder V in second-
price auctions. Bidding function
of V when: dotted line c = 1;
dashed line c = 0.5, solid line
c = 0
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a) The ex ante expected auction revenue is increasing in c.
b) The ex ante expected profit of the VIC is increasing in c.
c) The strategic profit, the increase in profits relative to not setting a cost weight,

is increasing in c.
d) The ex ante expected profit of Xi is decreasing in c. The relative loss in profit for

each independent bidder is increasing in c.
e) The ex ante efficiency is decreasing in c.

Proof See the ‘‘Appendix’’.

When the ownership share increases, the auction revenue increases as well

(Proposition 1a). Notably, for an auction with two bidders (thus with one competing

independent bidder), the auction revenue is equal to 4þc
12

, which is shown below to be

different from auction revenues in first-price auctions. Also, the total profit of the

VIC (the profit of its downstream firm plus its share of the auction revenue)

increases (Proposition 1b). Also the strength of the incentive for V to bid more

aggressively increases.13 The strength of this incentive, which I call the ‘‘strategic

profit’’, is the relative increase in profits by setting the optimal cost weight. It can be

calculated by taking the difference in profits between using a strategy of

maximizing total profits (downstream firm profits and c times auction revenue)

and of using a strategy (which I call the naı̈ve strategy) of maximizing the profit of

only the downstream firm. The profit of independent bidders Xi decrease; they are

less likely to win, and if they win, they pays a higher price (Proposition 1c). The

efficiency of the auction decreases; now, in some cases, V wins without having the

highest value (Proposition 1d).

Figure 3 shows the effect of ownership share on auction outcomes when the

integrated bidder competes with one independent bidder. There is a considerable

efficiency loss,14 up to 6.25%. The gain for the VIC given by the strategic profit15 is

also considerable; a VIC can, by bidding more aggressively, increase its profit by up

to 8.3%.16 The price of the good (the auction revenue) is strongly affected; it can

increase by up to 25%. The strongest effect is a discrimination effect against the

independent bidder: the expected profit of the independent bidder is decreased by up

to 50%. Also at low levels of ownership integration the discrimination effect is

considerable; even with an ownership share of only 20%, the profit of the

independent bidder is decreased by 10%.

Figure 4 shows that effects are strong for low numbers and converge to zero

when the number of independent bidders goes to infinity. The discrimination effect

of integrated ownership is remarkably strong. Graph (a) shows the loss in expected

13 This is an important indicator for external validity of the model; experimental evidence has shown that

the strength of incentives is important for theoretical predictions to show in real settings (Hertwig and

Ortmann 2001).

14 The efficiency loss percentage is calculated as
W 0½ ��W c½ �

W 0½ � ¼ 25c2

1þcð Þ2, with W[c] equal to the total welfare.

15 The strategic profit percentage is calculated as pVIPða¼aðcÞÞ
pVIPða¼1Þ ; where pVIPða ¼ aðcÞÞ is the profit maximizing

strategy, and pVIP(a = 1) the ‘‘naı̈ve’’ strategy.
16 For comparison: the increase in profit without legal unbundling of the downstream firm is up to 16.7%,

almost twice as much (Van Koten 2011).
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profits for each competing independent firm, which can be as high as 50%. With two

competing independent firms, each of them has a decrease in profits of up to 33%.

Even with as many as three competing independent firms, each has a decrease in

profits of up to 25%. Graph (c) shows the strength of incentives for V to bid more

aggressively, as given by the strategic profit as a percentage of the naı̈ve profit. This

can be as high as up to 8.3% with one competing bidder, up to 4.7% with two

competing bidders, and up to 2.8% with three competing bidders. Graph (d) shows

the loss in efficiency, which represents a considerable social loss.

3.2 First-price auctions

3.2.1 The VIC with a first mover’s advantage

For first-price auctions I restrict the analysis to the case with one independent bidder

X. While in second-price auctions the implementation of a compensation scheme for

manager Vm does not affect the bidding of an independent bidder X, this is not so in

first-price auctions. The bidding schedule of X is affected by the compensation

scheme for manager Vm, an effect I will call the ‘‘interaction effect’’. The VIC can

use the interaction effect to strategically influence the bidding schedule of X. For

such an interaction effect to occur, X needs to know the value of the cost weight. In

the main analysis I will assume that X is rational and X is thus able to calculate the

optimal cost weight for the VIC. I will also assume that the rules on legal separation

forbid the VIC from spreading false information about the compensation scheme.

As a result the VIC can be sure that the compensation scheme it announces is known
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Fig. 3 Outcomes in second-price auctions with one independent bidder. Dashed line profit loss for
independent bidder, thin solid line percentage increase in auction revenue, dotted line strategic (extra)
VIC profit as a percentage of ‘‘naı̈ve’’ total profits, thick solid line loss of efficiency as a percentage of
total efficiency without ownership integration
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and believed by independent bidder X; this gives the VIC a first mover’s advantage.

It is ironic that precisely legal separation—meant to increase competition—is a

means of credible commitment that gives the VIC a first mover’s advantage. Below,

I will relax these two assumptions.

Table 1 depicts the timeline of events in the auction. At time 1, the VIC

implements a compensation scheme for manager Vm with cost weight a, and X is

informed of its compensation scheme (or deduces it by calculating the profit

maximizing choice of compensation scheme for the VIC). Note that the owner of

independent bidder X can only credibly instruct X to maximize profits (Williamson
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Fig. 4 Outcomes in second-price auctions with 1, 2, 3, 4, and ? independent bidders. a Discrimination
profit, b price effect, c inefficiency, d incentive for aggressive bidding
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(1983).17Manager Vm and X, anticipating each other’s reactions, simultaneously

determine the bidding functions bV[uV] and bX[uX]. At time two, Vm and X, plugging

in their respective values, determine their bids in the auction and the highest bidder

wins.

Given the bidding strategy of X, bX[uX], V wins the auction when the bid of the

independent bidder, bX[uX], is smaller than its bid bV:

bX ½uX �\bV , uX\b�1
X bV½ � � x bV½ �: ð3Þ

The probability of V winning the auction is thus F[x[bV]], which is equal to x[bV], as

values are drawn from the uniform distribution on [0,1]. The expected profit of V
with value realization uV, bidding bV, is therefore:

pV ¼ x½bV � uV � bVð Þ � w0: ð4Þ

Likewise, the expected profit of independent bidder X with value realization uX,

bidding bX, is

pX ¼ v½bX� uX � bXð Þ: ð5Þ

The expected compensation for manager Vm is:

pV ¼ i � x½bV � uV � abVð Þ: ð6Þ

To calculate the reaction function of manager Vm, differentiate Eq. 5 with respect to

bV, set it equal to zero and solve for x0[b]:

x0½b� ¼ a � x½b�
uV � ab

¼ a � x½b�
v½b� � ab

: ð7Þ

To calculate the reaction function of independent bidder X, differentiate Eq. 6 with

respect to bX, set it equal to zero and solve for v0[b]:

v0½b� ¼ v½b�
uX � b

¼ v½b�
x½b� � b

: ð8Þ

Table 1 Timeline of key decisions

t1 t2

VIC The VIC implements a compensation scheme

with cost weight a
The VIC, bounded by the rules of legal

unbundling, sticks to the compensation

scheme as announced in t1

V &

X
Manager Vm is informed about cost weight a. X

is informed about cost weight a (or deduces

it). Manager Vm and X simultaneously

determine the bidding functions bV[uV] and

bX[uX].

Plugging in their respective values Vm and X
determine their bids. The highest bidder wins

the auction.

17 See the ‘‘Appendix’’ for a numeric example based on the model.
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Equations 7 and 8 form a system of differential equations that can be solved for x[b]

and v[b]. After taking inverses, this gives us the bidding functions of X and V.

Proposition 4 presents the result.

Proposition 4 In a first-price auction with two bidders, of which one is
independent and one is integrated and has cost weight a, where values are
distributed independently and uniformly on [0,1], the bidding functions of X and V
are given by:

bV ½uV � ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
u2

V þ a2ð1� u2
VÞ

p
� a

ð1� a2ÞuV
for a 6¼ 1 and bV ½uV � ¼ 1

2
uV for a ¼ 1:

ð9Þ

bX½uX � ¼
1�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2u2

X þ ð1� u2
XÞ

p

ð1� a2ÞuX
for a 6¼ 1 and bX ½uX� ¼ 1

2
uX for a ¼ 1:

ð10Þ

The maximum bid �b is equal to �b ¼ 1
ð1þaÞ

1
2
:

Proof See the ‘‘Appendix’’.

Cost weight a modulates the aggressiveness of bidding of manager Vm in a

comparable way as in second price auctions: a cost weight smaller than one induces

him to bid more aggressively, and one larger than one to bid less aggressively.

However, a new effect is that independent bidder X will now accommodate the

aggressive bidding of V and also bid more aggressively; the above-mentioned

interaction effect.

The profit function of the VIC in first-price auctions is equal to the profit of firm

V plus the ownership share c times the total auction revenue:

pVIP½a; c� ¼ pV ½a� þ c � mV ½a� þ mX½a�ð Þ; ð11Þ

with pV ½a� ¼ E½ðuV � bVÞjbV is highest bid� ¼
R 1

0
x½bV ½uV �� � ðuV � bV ½uV �ÞduV , the

profit of firm V, mV ½a� ¼ E½bV jbV is highest bid� ¼
R 1

0
x½bV ½uV �� � bV ½uV �duV , the

auction revenue paid by V, mX ½a� ¼ E½bX jbX is highest bid ¼
R 1

0
v½bX � � bX ½uX �duX ,

the auction revenue paid by X.Where x[�] and v[�] are the inverse bidding functions,

and x[bV] (v[bX]) is the probability that V(X) wins the auction with bid bV (bX).

Maximizing this profit function gives the optimal cost weight a[c] = Arg-

Maxa[pVIP[a, c]]. Proposition 5 presents the effect of a[c] on auction outcomes.

Proposition 5 In a first-price auction with two bidders, of which one is
independent and one is integrated and has cost weight a, where values are
distributed independently and uniformly on [0,1], the optimal cost weight, a[c], is
strictly decreasing in the ownership share c; it reaches a maximum at c = 0 equal to
a[0] & 1.39, a minimum at c = 1 equal to a[1] & 0.32, and at c & 0.30 it is equal
to unity. This affects auction outcomes as follows:

(a) The ex ante expected auction revenue, m[a], is increasing in c.
(b) The expected profit of X, pX[c], is decreasing in c.
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(c) The ex ante expected profit of the VIC, pVIP[c], is increasing in c.
(d) The ex ante efficiency, W[c] is decreasing (increasing) in c for c[ 0.3

(c\ 0.3)

Proof See the ‘‘Appendix’’.

Figure 5 shows the optimal cost weight a[c] as a function of the ownership share

c for first and second-price auctions (also for first-price auctions without first

mover’s advantage—details to be explained below). When the ownership share is

small, c\ 0.3, the VIC with a first mover’s advantage in first-price auctions sets the

cost weight higher than unity to make V bid less aggressively and to lower the

auction revenue. This is profitable because of the interaction effect in first-price

auctions; overstating the costs of bidding makes V a ‘‘fat cat’’ (Fudenberg and Tirole

1984), and the competing independent bidder reacts by also bidding less

aggressively which lowers the bidding costs for both bidders.18 The negative effect

this has through lower auction revenues is of little importance as the VIC has a low

ownership share, c\ 0.3. When the ownership share of the auctioneer is larger,

c\ 0.3, the VIC sets the cost weight lower than unity to make V bid more

aggressively and to increase the auction revenue. For large ownership shares,

c\ 0.6, the VIC sets a lower cost weight in first-price auctions than in second-price

auctions. This is a result of the interaction effect in first-price auctions, which makes

the independent bidder also bid more aggressively which decreases the asymmetry

of the auction and thereby makes lowering the cost weight less costly for the VIC.

Figure 6 shows the effect of the ownership share c on the bidding functions.

When c & 0.3, the VIC sets the cost weight equal to one, and X and V bid as in a

standard symmetrical auction with uniform values b½u� ¼ 1
2
u (the thick straight

bidding function). For c\ 0.3 V bids less aggressively, and for c[ 0.3 more

aggressively. X accommodates the bidding of V.

Figure 7 shows the effect of integration and legal separation on auction

outcomes. The VIC gains from legal separation when the ownership share is smaller

or larger than 0.3. When the ownership share is smaller than 0.3, the weaker bidding

of V and X lowers the expected price by up to 16%, and increases the profit of the

VIC by up to 5%, and increases the profit of X by up to 24%. The asymmetry

between X and V (V bids weaker than X) leads to a small efficiency loss up to 0.6%.

When the ownership share is larger than 0.3, the aggressive bidding of V increases

the expected price by up to 64%, increases the profits of the VIC by up to 12%,19

and decreases the profits of X by up to 61%. The asymmetry between X and

V (V bids stronger than X) leads to an efficiency loss up to 6%.

Comparing first-price and second-price auctions, restricting the focus on markets

with one competing independent downstream firm, the VIC prefers first-price

auctions above second-price auctions when it has either a low or a high ownership

share. The VIC has a higher profit in first-price auctions than in second-price

18 This effect is comparable to the ‘‘fat cat’’ effect in Bertrand competition found in Fershtman and Judd

(1987) and Sklivas (1987).
19 For comparison: without legal unbundling of the downstream firm the increase in profits is up to 8.3%.

A VIC would thus welcome legal unbundling of its downstream firm.
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auctions when its ownership share is lower than c & 0.18, or higher than

c & 0.79.20 When the ownership share is lower than c & 0.18 (higher than

c & 0.79), the interaction effect lowers (increases) the expected winning price

Fig. 5 Optimal cost weight, a[c]. Solid line first-price auction (with first mover’s advantage), dotted line
first-price auction (without first mover’s advantage), dashed line second-price auction
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Fig. 6 Bidding functions of a V and b X

20 Determined by numerical approximation.
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which lowers (increases) the expected auction revenue. For ownership shares in

between, the VIC prefers second-price auctions.

3.2.2 The VIC without a first mover’s advantage

One of the assumptions in the preceding model is that the rules on legal separation

forbid the VIC from spreading false information about the compensation scheme.

As a result the VIC can be sure that the compensation scheme it announces is known

and believed by independent bidder X; this gives the VIC a first mover’s advantage,

which enables the VIC to take advantage of the interaction effect as shown above.

Once this assumption is relaxed and the VIC is allowed, or otherwise able, to

provide false information about the compensation scheme, the VIC cannot credibly

commit to just any compensation scheme. In the second step in the timeline in

Fig. 4, t2, the VIC now is able to change the compensation scheme with a different

cost weight a; as a result the VIC has no longer a first mover’s advantage and the

auction outcomes are less favorable for the VIC.

I calculate the Nash equilibrium cost weight by first supposing that the VIC

announces a compensation scheme with cost weight a, and then, assuming that

independent bidder X believes the announcement, maximizes its profits pVIP[aNE, q]

with a (possibly different) cost weight q. A Nash equilibrium exists if and only if the

VIC announces a compensation scheme with cost weight aNE for which

q ¼ ARGMAXq pVIP½aNE; q�ð Þ ¼ aNE:
For any announced compensation scheme with cost weight a the bidding function

of X is:

bX½uX; a� ¼ 1�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2u2

X þ ð1� u2
XÞ

p

ð1� a2ÞuX
:

Manager Vm then maximizes his profit given the bidding function of X, bX[uX; a],

and q, which results in:
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Fig. 7 Outcomes in first-price auctions with one independent bidder. Dashed line decrease in expected
profits for independent buyer, thin solid line increase in price (auction revenue), dotted line strategic
(extra) VIP profit as a percentage of ‘‘naı̈ve’’ total profits, thick solid line loss of welfare as a percentage
of total welfare without integration
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bV ½uV ; a; q� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
u2

V þ q2 � a2u2
VÞ

p
� q

ð1� a2ÞuV
:

The VIC then sets q to maximize its compound profit: q ¼ ARGMAXqðpVIP½a; q�Þ:
Figure 5 shows numerical approximations21 for the optimal cost weight aNE[c] as

a function of the ownership share c for first-price auctions without first mover’s

advantage (also for first-price auctions with a first mover’s advantage and second-

price auctions). The VIC without a first mover’s advantage cannot strategically use

the interaction effect in first-price auctions and therefore sets the cost weight equal

to unity for no ownership. Interestingly, the cost weight in first-price auctions

without first mover’s advantages is close to the cost weight in second-price auctions,

but lower and increasingly so when the ownership share increases.

Figure 8 shows the effects on auction outcomes. Note that a VIC without a first

mover’s advantage receives a negative strategic profits for 0 \ c\ 0.4. Legal

separation of the firm from the VIC without a ban on spreading false information

about the compensation scheme becomes a burden for a VIC that has a relatively

small ownership share of the upstream firm. For higher ownership shares, the

strategic profit is very close to that in the first-price auction with a first mover’s

advantage.

3.3 Revenue equivalence

The previous exposition shows that revenue equivalence does not generally hold for

these types of auctions. Restricting the focus on markets with two bidders, of which

one is independent and one is integrated with full ownership, the auction revenue is
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Fig. 8 First-price auctions without first mover’s advantage. Dashed line decrease in expected profits for
independent buyer, thin solid line increase in price paid, dotted line strategic (extra) VIP profit as a
percentage of ‘‘naı̈ve’’ total profits, thick solid line loss of welfare as a percentage of total welfare without
integration

21 I used a Mathematica program for approximation. The precise code (with comments) can be

downloaded as a Mathematica file from http://home.cerge-ei.cz/svk/Legally_separated.
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approximately equal to 0.42 in second price auctions, to 0.55 in first-price auctions

with a first mover’s advantage, and to 0.52 in first-price auctions without a first

mover’s advantage.

This should not be surprising: one of the sufficient assumptions for revenue

equivalence, symmetry, does not hold, and the asymmetry that is introduced in this

model, a cost weight, affects the auction revenue different for different auction

formats. In first-price auctions independent bidders accommodate the bidding of the

integrated bidder due to the interaction effect, but do not do so in second-price

auctions.

One of the assumptions in the above model is that X is perfectly informed about

the value of the cost weight. Relaxing this assumption can reinstate revenue

equivalence: if independent bidders in first-price auctions are not informed about the

strategic delegation used by the VIC and thus assume that the integrated bidder

maximizes profit (a cost weight equal to unity), then independent bidders do not

change their bidding and as a result revenue equivalence between first and second-

price auctions holds. Proposition 6 formalizes this intuition.

Proposition 6 When independent bidders Xi (incorrectly) believe integrated
bidder V to maximize downstream profits, and this belief of independent bidders Xi

is known to V and the VIC, then the auction revenue is identical in first-price and
second-price auctions.

Proof See the ‘‘Appendix’’.

The bidding behavior of independent bidders in the auction sketched in

Proposition 6 is not equilibrium, and independent bidders are likely to update their

belief and to adapt their bidding schedule to accommodate the aggressive bidding of

the integrated bidder, thus again upsetting revenue equivalence.

3.4 Does the VIC want legal unbundling?

As the analyses in Sects. 3.1 and 3.2 show, the VIC is always better off under legal

unbundling than under ownership unbundling.

The VIC is also better off under partial legal unbundling (of only the upstream

firm) than under legal unbundling (of both the upstream and downstream firm),

except in first-price auctions when ownership share are small. In second price

auctions the VIC earns the highest profit when the bidding function of its integrated

downstream firm maximizes the combined profits of its downstream and upstream

firms (see Van Koten 2011), and under partial legal unbundling the VIC can order

its downstream firm to do so. The VIC cannot order its downstream firm to do so

under legal unbundling, but instead designs a compensation scheme that motivates

the integrated bidder to choose a bidding function that imperfectly approximates

such a maximizing bidding function. As a result, the profit of the VIC is lower under

legal unbundling than under partial legal unbundling. For the same reason the VIC

is better off with partial legal unbundling in first-price auctions for high ownership

shares. The interaction effect, however, has a small effect on profits that becomes

positive when the ownership share is zero or very small. In this case the VIC sets the
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cost weight larger than one to make the integrated bidder act as a ‘‘fat cat’’ to lower

its expected payment when it wins the auction. As a result a VIC prefers legal

unbundling when its ownership share is smaller than c & 0.13.22

4 Conclusions

I modeled a Vertically Integrated Corporation (VIC) that owns both a monopoly

upstream firm and a downstream firm in a competitive market. As the monopoly

upstream firm provides an essential, scarce input, the VIC has been forced by regulation

to allocate its products or services by auction. In an earlier paper, Van Koten (2011), I

showed that a VIC could increase nonetheless its profits by having its downstream firm

bid more aggressively; which increases the profits of the VIC, lowers welfare, and

lowers the profits of competing downstream firms. In the present paper, I explored in a

similar setup to which extent the additional legal separation of the downstream firm

from the VIC could improve auction outcomes. When the downstream firm is legally

separated, the VIC can no longer implement a compensation scheme to maximize the

profits of the overall VIC.23 However, the compensation scheme analyzed in this paper

mimics maximizing of the total VIC profits to a considerable degree, while respecting

the legal separation. By implementing this compensation scheme, the VIC increases its

profits, increases the auction revenue, decreases efficiency and decreases the profits of

independent downstream firms.

My model suggests that ownership separation is a solution: once the VIC is not the

residual claimant of the auction revenue any more, it loses the incentive to have its

integrated firm bid excessively aggressively. Applied to the electricity market this

remedy implies outlawing VICs to have their generator firms bid for capacity on its

merchant interconnectors. Another possible remedy is to strictly regulate the auction

revenue and prevent VICs from receiving the auction revenues of their upstream

firm, and instead use rate-of-return regulation. Applied to the electricity market this

remedy implies outlawing the building and operating of merchant interconnectors by

VICs that own generation firms. Alternatively, regulators might forbid use of the

compensation scheme. However, this requires regulators to have a very good

understanding of the operations of the downstream firm; they have to be able to

determine (and, likely, to defend in court) to which extent a compensation scheme

maximizes the profit of the downstream firm as opposed to the profit of the VIC.
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Appendix

Proposition 2 In a second-price auction with n ? 1 bidders, of which n are
independent and one is integrated, the VIC sets the cost weight for the integrated

bidder equal to aðnÞ½c� ¼ 1� c
nþ1

, for any n C 1.

Proof Using V for the integrated bidder and X for the independent bidders, the

profit function for the VIC has been derived by Van Koten (2011) as:

pðnÞVIP;uY � a½uV � ¼ Pr
V wins; uY � a

½bV � � uV � ð1� cÞ � mV ;uV � a½bV � þ c � mPX;uV � a½bV �;

ð2Þ

with mV ;uV � a½bV � ¼ Pr½V wins� � E½highest bid from n biddersjV wins and uV � a�Þ,
mPX;uV � a½bV � ¼ Pr½V has 2nd highest bid� � bV þ

Pnþ1
i¼3 Pr½V has ðiþ 1Þth highest

bid� � E½2nd highest bid from n� 1 biddersjV has ðiþ 1Þth highest bid�:
The form of Eq. 1 depends on the size of uV; if uV B a Eq. 1 takes the following form:

mV ;uV � a½bV � ¼ bn
V �

1

bn
V

ZbV

0

nzn�1zdz ¼ n

nþ 1
bnþ1

V ; ð12Þ

and

mPX;uV � a½bV � ¼ nbn�1
V ð1� bVÞbV

� �

þ
Xn

i¼2

n!

ðn� iÞ!i! bn�i
V ð1� bVÞi

Z1

bV

iði� 1Þð1� zÞðz� bVÞi�2

ð1� bVÞi
zdz

0

B
@

1

C
A

¼ 1

nþ 1
n� 1þ bn

Vðnþ 1� 2nbVÞ
� �

:

ð13Þ

Thus substituting bV ½uV � ¼ uV

a into Eq. 1 and simplifying gives:

pðnÞVIP;uV � a½vY � ¼ 1

an�1ðnþ 1Þða
nþ1jðn� 1Þ þ un

Vð�1� jÞnuV þ að1þ nÞðjþ uVÞÞÞ:

ð14Þ

If uV [ a, then manager V wins with probability one (as bV ½uV � ¼ uV

a [ 1 [
MAXðbXÞ; and as

mV;uV [ a½bV � ¼
Z1

0

nzn�1zdz ¼ n

nþ 1
ð15Þ

the expected profit of the VIC is then:

pðnÞVIP;uV [ a½uV � ¼ uV � ð1� cÞ � mV ;uV [ a½bV � ¼ uV � ð1� cÞ n

1þ n
: ð16Þ
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The ex ante expected profit of the VIC is thus equal to:

EpðnÞV ½a; c� ¼
Za

0

pðnÞV ;uV [ aduV þ
Z1

a

pðnÞV;uV � aduV

¼ 2� n a2ðnþ 1Þ þ 2aðc� ðnþ 1ÞÞ þ nþ 1� 2cðnþ 2Þð Þ
2ðnþ 2Þðnþ 1Þ : ð17Þ

Differentiating the expected profit of the VIC to a gives the first order condition:

dEpðnÞV ½a; c�
da

¼ ð1� aÞ n

nþ 2
� c

n

2þ 3nþ n2
ð18Þ

Setting the first order condition equal to zero and solving for a gives:

aðnÞ½c� ¼ 1� c
nþ 1

: ð19Þ

Proposition 3 In a second-price auction with n ? 1 bidders, of which n are

independent and one is integrated and has cost weight aðnÞ½c� ¼ 1� c
nþ1

; where

values are distributed independently and uniformly on [0,1], the independent bid-

ders bid their value, and the integrated bidder bids bV ½uV � ¼ uV 1þ c
nþ1�c

� �
; for

any n C 1. As a result, with increasing c for all n C 1:

(a) The ex ante expected auction revenue, EmðnÞ½c� ¼ nðcþðnþ1Þ2Þ
ðnþ2Þðnþ1Þ2 ; is increasing in c.

(b) The ex ante expected profit of V, EpðnÞV ½c� ¼
2þn 2þc2þ2cðnþ1Þ2ð Þ

2ðnþ2Þðnþ1Þ2 ;is increasing in

c. The strategic profit, the increase in profits relative to not setting a cost

weight, is equal to
EpðnÞVIP½c�� EpðnÞVIP½0�þcmðnÞ½0�ð Þ

EpðnÞVIP½0�þcmðnÞ½0�ð Þ ¼ 1
2

n
ðnþ1Þ cðcþ 2n2 þ 4nþ 2Þ:

(c) The expected profit of Xi, pðnÞXi
½c� ¼ nþ1�c

ðnþ1Þ2ðnþ2Þ, is decreasing in c. The relative

loss in profit for each independent bidder,
pðnÞXi
½c��pðnÞXi

½0�
pðnÞXi
½0�

¼ c
nþ1

, is increasing in c.

(d) Efficiency, W ðnÞ½c� ¼ 2n3þ6n2þ6nþ2�nc2

2ðnþ1Þ2ðnþ2Þ ; W ðnÞ½c�, is decreasing in c.

Proof (a) The ex ante expected auction revenue, EmðnÞ½c� ¼ nðcþðnþ1Þ2Þ
ðnþ2Þðnþ1Þ2, is

increasing in c. The ex ante expected payment by V is equal to

Em
ðnÞ
V ½c� ¼

Za

0

mV;vY � a½z
a
�

� �
dzþ

Z1

a

mV;vY [ a½z
a
�

� �
dz a¼1� c

nþ1

�
�
�

¼
Za

0

n

nþ 1

z

a

� �nþ1
� 	

dzþ
Z1

a

n

nþ 1

� 	

dz a¼1� c
nþ1

�
�
� ¼ ð1þ cÞn

n2 þ 3nþ 2
ð20Þ
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The ex ante expected payment by all X is equal to

Em
ðnÞP

X
½c� ¼

Za

0

mPX;z�a½
z

a
�dz a¼1� c

nþ1

�
�
�

¼
Za

0

n
z

a

n�1ð1� z

a
Þz
a

� �

þ
Xn

i¼2

n!

ðn� iÞ!i!
z

a

n�ið1� z

a
Þi
Z1

z
a

iði� 1Þð1� qÞðq� q
aÞ

i�2

ð1� q
aÞ

i qdq

0

B
@

1

C
Adz a¼1� c

nþ1

�
�
�

¼ n2ðnþ 1� cÞ
ðnþ 1Þ2ðnþ 2Þ

: ð21Þ

Thus:

EmðnÞ½c� ¼ Em
ðnÞ
V ½c� þ Em

ðnÞP
X
½c� ¼ ð1þ cÞn

n2 þ 3nþ 2
þ n2ðnþ 1� cÞ
ðnþ 1Þ2ðnþ 2Þ

¼ nðcþ ðnþ 1Þ2Þ
ðnþ 2Þðnþ 1Þ2

: ð22Þ

(b) The ex ante expected profit of the VIC, EpðnÞVIP½c� ¼
2þn 2þc2þ2cðnþ1Þ2ð Þ

2ðnþ2Þðnþ1Þ2 , is

increasing in c. The relative increase in profits by setting a cost weight is equal to

EpðnÞVIP½c�� EpðnÞVIP½0�þcmðnÞ½0�ð Þ
EpðnÞVIP½0�þcmðnÞ½0�ð Þ ¼ 1

2
n

ðnþ1Þ cðcþ 2ðnþ 1Þ2Þ:Using Eq. 6, EpðnÞVIP½a; c� ¼
2�n a2ðnþ1Þþ2aðc�ðnþ1ÞÞþnþ1�2cðnþ2Þð Þ

2ðnþ2Þðnþ1Þ , substituting for a with a½c� ¼ 1� c
nþ1

gives

EpðnÞVIP½c� ¼
2þn 2þc2þ2cðnþ1Þ2ð Þ

2ðnþ2Þðnþ1Þ2 . Differentiating to c shows that EpðnÞVIP½c� is increas-

ing.The relative increase in profits by setting a cost weight is equal to

EpðnÞVIP½c�� EpðnÞVIP½0�þcmðnÞ½0�ð Þ
EpðnÞVIP½0�þcmðnÞ½0�ð Þ ¼ 1

2
n

ðnþ1Þ cðcþ 2ðnþ 1Þ2Þ:(c) The expected profit of Xi,

pðnÞXi
½c� ¼ nþ1�c

ðnþ1Þ2ðnþ2Þ, is decreasing in c. The relative loss in profit for each

independent bidder,
pðnÞXi
½c��pðnÞXi

½0�
pðnÞXi
½0�

¼ c
nþ1

, is increasing in c.

The ex ante expected payment of all independent bidders Xi is equal to Em
ðnÞP

X
½c� ¼

n2ðnþ1�cÞ
ðnþ1Þ2ðnþ2Þ (see calculations under a). Using symmetry, the ex ante expected payment

of an independent bidder Xi is thus equal to this number divided by n:

Em
ðnÞ
Xi
½c� ¼ 1

n
Em
ðnÞP

X
½c� ¼ nðnþ 1� cÞ

ðnþ 1Þ2ðnþ 2Þ

The ex ante expected gross profit of the auction (excluding payment), EpGross
Xi
½c�, for

an independent bidder Xi is equal to EpGross
Xi
½c� ¼

R 1

0
PXi wins½uX � � uXduX , and
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PXi wins½uXi
� ¼ ð1� c

nþ1
ÞuXi

� �
un�1

Xi
as the probability of an independent bidder to win

the auction is equal to the probability that his bid is higher than that of the integrated

bidder (which is the case when vXi
�ð1� c

nþ1
ÞuV ), and higher than that of the other

n - 1 independent bidders. Thus

EpGross
Xi
½c� ¼ nþ 1� c

n2 þ 3nþ 2

The expected profit of an independent bidder Xi is thus equal to the ex ante expected

gross profit minus the ex ante expected payment:

EpðnÞXi
½c� ¼ EpGross

Xi
½c� � Em

ðnÞ
Xi
½c� ¼ nþ 1� c

n2 þ 3nþ 2
� nðnþ 1� cÞ
ðnþ 1Þ2ðnþ 2Þ

¼ nþ 1� c

ðnþ 1Þ2ðnþ 2Þ
:

The relative loss in profit for an independent bidder is then:
EpðnÞXi

½c��EpðnÞXi
½0�

EpðnÞXi
½0�

¼ c
nþ1

.

(d) Efficiency, W ðnÞ½c� ¼ 2n3þ6n2þ6nþ2�nc2

2ðnþ1Þ2ðnþ2Þ , is decreasing in c.

Efficiency is equal to the profit of the n independent bidders, the profit of the

VIC, and the auction revenue that has not been received by the VIC:

W ðnÞ½c� ¼ nEpXi
½c� þ EpVIP½c� þ ð1� cÞEm½c�:

Substituting for pVIP[c] from (a), m[c] from (b), and pXi
½c� from (c) gives:

W ðnÞ½c� ¼ 2n3 þ 6n2 þ 6nþ 2� nc2

2ðnþ 1Þ2ðnþ 2Þ
:

Proposition 4 In a first-price auction with two bidders, of which one is inde-
pendent and one is integrated and has cost weight a, where values are distributed
independently and uniformly on [0,1], the bidding functions of X and V are given by:

bV ½uV � ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
u2

V þ a2ð1� u2
VÞ

p
� a

ð1� a2ÞuV
ð9Þ

bX ½uX� ¼
1�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2u2

X þ ð1� u2
XÞ

p

ð1� a2ÞuX
for a 6¼ 1 and bX ½uX � ¼

1

2
uX for a ¼ 1:

ð10Þ

The maximum bid �b is equal to �b ¼ 1
ð1þaÞ.

Proof The conditions that the inverse bidding functions x[b] and v[b] should fulfill

are:

x0½b� ¼ a � x½b�
uV � ab

¼ a � x½b�
v½b� � ab

; ð23Þ

v0½b� ¼ v½b�
uX � b

¼ v½b�
x½b� � b

: ð24Þ
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Furthermore, a solution should fulfill the following additional constraint:

x½0� ¼ y½0� ¼ 0 ða bidder with value zero bids zeroÞ: ð25Þ

x �b½ � ¼ y �b½ � ¼ 1 ð26Þ

where �b is the maximum bid 0\�b\1 (a bidder with value 1 bids a unique maximal

bid).

Rewriting Eqs. 25 and 26 gives

x0½b� � ðv½b� � abÞ ¼ ax½b� , ð27Þ
ðx0½b� � 1Þ � ðv½b� � abÞ ¼ ax½b� � v½b� þ ab ð28Þ

vy½b� � ðx½b� � bÞ ¼ v½b� , ð29Þ
ðv0½b� � aÞ � ðx½b� � bÞ ¼ v½b� � ax½b� þ ab: ð30Þ

Adding up Eqs. 27 and 29 gives

ðx0½b� � 1Þ � ðv½b� � abÞ þ ðx½b� � bÞ � ðv0½b� � aÞ ¼ 2ab, ð31Þ
o

ob
ðx½b� � bÞ � ðv½b� � abÞ ¼ 2ab: ð32Þ

Integrating Eq. 32 over 0 until the maximum bid �b using x[0] = v[0] = 0 gives

ð1� �bÞ � ð1� a�bÞ ¼ a�b2 , ð33Þ

1þ a�b2 � ð1þ aÞ�b ¼ a�b2: ð34Þ

Therefore the maximum bid �b is given by

�b ¼ 1

1þ a
: ð35Þ

Integrating Eq. 32 over 0 until b using x[0] = v[0] = 0 gives

ðx½b� � bÞ � ðv½b� � abÞ ¼ ab2: ð36Þ

Applying Eq. 36 to Eqs. 25 and 26 gives

x0½b� ¼ x½b�ðx½b� � bÞ
b2

; ð37Þ

v0½b� ¼ v½b�ðv½b� � abÞ
ab2

: ð38Þ

Using Eq. 12 substituted into the condition x½�b� ¼ v½�b� ¼ 1, Eqs. 37 and 38 can be

shown to have the solution:

x½b� ¼ 2b

1þ b2 � a2b2
; ð39Þ

v½b� ¼ 2ab

1� b2 þ a2b2
: ð40Þ
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Taking inverses gives us the optimal pure bidding strategies:

bV ½uV � ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
u2

V þ a2ð1� u2
VÞ � a

p

ð1� a2ÞuV
ð9Þ

bX ½uX� ¼
1�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2u2

X þ ð1� u2
XÞ

p

ð1� a2ÞuX
for a 6¼ 1 and bX ½uX � ¼

1

2
uX for a ¼ 1:

ð10Þ

Differentiating the bidding functions to a gives, for a [ 0, a = 1 and 0 \ u \ 1:

dbY ½uV �
da

¼ au

uV � a2uV

1þ a2 þ u2
Vð1� a2Þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
u2

V þ a2ð1� u2
VÞ

p � ð1þ a2Þ
 !

\0 ð41Þ

dbX½vX �
da

¼ a

ð1� a2Þ2uV

�2þ u2
Vð1� a2Þ þ 2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� ð1� a2Þu2

p

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� ð1� a2Þu2

V

p

 !

\0: ð42Þ

Proposition 5 In a first-price auction with two bidders, of which one is inde-
pendent and one is integrated and has cost weight a, where values are distributed
independently and uniformly on [0,1], the optimal cost weight, a[c], is strictly
decreasing in the ownership share c; it reaches a maximum at c = 0 equal to
a[0] & 1.39, a minimum at c = 1 equal to a[1] & 0.32, and at c & 0.30 it is equal
to unity. This affects auction outcomes as follows:

The ex ante expected auction revenue, m[a], is increasing in c.

The expected profit of X, pX ½c�, is decreasing in c.
The ex ante expected profit of the VIC, pVIP[c], is increasing in c.
The ex ante efficiency, W[c] is decreasing (increasing) in c for c[ 0.3 (c\ 0.3)

Proof I first prove that the optimal cost weight, a[c], is decreasing in the own-

ership share c: sign
da½c�

dc

h i
¼ �1:

The profit function of the VIC is given by:

pVIP½a; c� ¼
Z1

0

x½bV � � uV � ð1� cÞbVða; uVÞð Þ þ c
Z1

x bV ½uV �½ �

bXða; uXÞduX

0

B
@

1

C
AduV :

Using the above functions, it can be shown that pVIP[a, c] is twice continuously

differentiable for a [ 0, a = 1 and 0 \ v \ 1.

Differentiating the profit function with respect to a at the optimal cost weight a(c)

gives:

dpVIP½aðcÞ; c�
da

� 0:

Differentiating again to the ownership share c gives:

d2pVIP½aðcÞ; c�
ðdaÞ2

daðcÞ
dc
þ d2pVIP½aðcÞ; c�

da � dc
¼ 0:
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Thus

sign
da½c�

dc


 �

¼ sign
d2pVIP½a½c�; c�

da � dc


 �

;

as

d2pVIP½aðcÞ; c�
ðdaÞ2

\0:

As pVIP[a, c] is twice continuously differentiable,
d2pVIP½a½c�;c�

da�dc ¼ d2pVIP½a½c�;c�
dc�da : Using

the envelope theorem,

dpVIP a½c�; c½ �
dc

¼
Z1

0

x bV ½a; uV �½ � � bV ½a; uV � þ
Z1

x bV ½a;uV �½ �

bX½a; uX�duX

0

B
@

1

C
AduV

¼ 1� a2
� ��5=2 ð1� aÞa

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� a2
p

þ ArcCos½a� þ Ln½ a

1þ
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� a2
p �

�

þa2 �2ArcCsch½ a
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� a2
p � þ iLn½a� i

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� a2
p

aþ i
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� a2
p �

 !!

:

Numerical inspection of the above expression shows that it decreasing in a for all

a [ 1, a = 1.And thus sign da½c�
dc

h i
¼ sign d2pVIP½a½c�;c�

da�dc

h i
¼ �1.

(a) The ex ante expected auction revenue is increasing in c.The bidding functions

are strictly decreasing in a, thus the auction revenue

~m½a� ¼
Z1

0

Z1

0

Max bV ½uV ; a�; bX½uX; a�½ �duV duX

¼ 1

1þ a
� að1� a2Þ�

3
2 ArcCsch

a
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� a2
p
� 	

þ ArcSinh
ffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 � 1
p� �� 	

is strictly decreasing in a, and thus m½c� ¼ ~m½a� a¼a½c�
�
� strictly increasing in c.

(b) The ex ante expected profit of X is decreasing in c.The profit of independent

bidder X as a function of a, ~pX½a� ¼ a ða�2Þ
ffiffiffiffiffiffiffiffi
a2�1
p

þArcSinhð
ffiffiffiffiffiffiffiffi
a2�1
p

Þð Þ
2 a2�1ð Þ

3
2

, is strictly increasing

in cost weight a, and thus pX½c� ¼ ~pX ½a� a¼a½c�
�
� is strictly decreasing in c.(c) The ex

ante expected profit of the VIC is strictly increasing in c.

The profit of the VIC is given by:

pVIU ½c� ¼
Z1

0

x½bV � � uV � ð1� cÞbVða; uVÞð Þ þ c
Z1

x bV ½uV �½ �

bXða; uXÞduX

0

B
@

1

C
AduV a¼a½c�

�
� :
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As the bidding functions bY and bX are strictly increasing c, the profit is strictly

increasing in c for any fixed value of a. Allowing a to change to maximizing the

profit weakly increases the profit. Inspecting the explicit expression of the profit of

the VIC verifies this:

~pVIP½c� ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� a2
p

� ð2� aÞ a ArcCsch affiffiffiffiffiffiffiffi
1�a2
p
� �

2 1� a2ð Þ
3
2

� w0

þ c

�
1

1þ a
� að1� a2Þ�

3
2

�

ArcCsch

�
a
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� a2
p

	

þ ArcSinh
ffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 � 1
p 			

a¼a½c�
�
� :

�

(d) The ex ante efficiency, W[c] is decreasing (increasing) in c for c[ 0.3 (c\ 0.3).

The welfare as a function of a, ~W ½a� ¼ 1
2

1� að1� a2Þ�
3
2 a ArcCsch affiffiffiffiffiffiffiffi

1�a2
p
� �

þ
��

ArcSinh
ffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 � 1
p� �

ÞÞ, is maximized at the cost weight a = 1, which is reached at

c & 0.3 and thus W[c] is decreasing (increasing) in c for c[ 0.3 (c\ 0.3).

Proposition 6 When independent bidders Xi (incorrectly) believe integrated bid-
der V to maximize downstream profits, and the belief of independent bidders Xi is
known by V and the VIC, then the auction revenue is identical in first-price and
second-price auctions.

Proof Independent bidders Xi believing integrated bidder V to maximize down-

stream profits implies Xi believing V to maximize a compensation scheme with a

cost weight set equal to one. Independent bidders Xi then bid as in the symmetrical

mode: bXi
¼ n

nþ1
uXi

, and the highest bid is equal to �b ¼ n
nþ1

:

The VIC and V are informed of the bidding functions of the independent bidders.

Given value uV and bid bV, the expected profit of V will be:

pV ½uV ; bV � ¼
nþ 1

n
bV

� 	n

ðu� abVÞ: ð43Þ

The first part is the probability that V wins the auction; this follows from

bXi
\bV , n

nþ1
uXi

\bV , uXi
\ nþ1

n bV :The last inequality holds for all n indepen-

dent bidders with probability nþ1
n bV

� �n
. The second part is the value minus the cost

weight, a, times the payment when winning, bV.

Maximizing pV[u, bV] for u \ a gives the bidding function for V:

bV ½uV � ¼
n

ðnþ 1Þa uV ; when u\a ð44Þ

bV ½uV � ¼
n

ðnþ 1Þ ; when u [ a ð45Þ

When u \ a, V wins the auction when uXi
\ nþ1

n bV , uXi
\ nþ1

n
n

ðnþ1Þa uV ¼ uV

a . When

u [ a, V bids the highest bid �b ¼ n
nþ1

and wins the auction with probability one.
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The VIC has profit function:

pVIP½a; c� ¼
Za

0

uV

a

� �
� ðuV � ð1� cÞ n

nþ 1Þ
uV

a

� 	

duV

þ
Z1

a

ðuV � ð1� cÞ n

nþ 1Þ

� 	

duV þ c
Za

0

Z1

uV
a

nz

nþ 1
nzn�1

� 	

dz

8
><

>:

9
>=

>;
duV :

The first two integrals give the expected profit when V wins the auction, the first

integral when uV \ a, the second when uV [ a. The third integral gives the expected

payment of the independent bidders. This is equal to the expected highest bid of n

bidders conditional on V losing the auction (thus conditional on uV

a not being the

highest value). Calculating the integrals gives pVIP½a; c� ¼ 1
30
ð�10a2þ

4ð5� cÞa� 9þ 24cÞ, and maximizing this function for a[c] gives a½c� ¼ 1� c
nþ1

,

the same cost weight as in second-price auctions.

The auction revenue is equal to:

m½a; c� ¼
Za

0

uV

a

� �
� n

nþ 1Þ
uV

a

� 	

duV þ
Z1

a

n

nþ 1Þ

� 	

duV

þ
Za

0

Z1

uV
a

nz

nþ 1
nzn�1

� 	

dz

8
><

>:

9
>=

>;
duV :

The first two integrals give the expected payment of V, the first integral when

uV \ a, the second when uV [ a. The third integral gives the expected payment of

the independent bidders. Calculating the integrals and substituting a½c� ¼ 1� c
nþ1

gives EmðnÞ½c� ¼ nðcþðnþ1Þ2Þ
ðnþ2Þðnþ1Þ2, which is identical to the auction revenue in second-price

auctions.

Example: a compensation scheme for ‘‘Manager X’’? In the text it is shown that

owner X will not give its manager incentives different from profit maximizing as he

has no ownership share in the upstream firm running the auction. In other words,

owner X will always provide a compensation scheme with cost weight s = 1. For an

illustration of this general principle, suppose that both the VIC and owner X had the

opportunity to offer their managers compensation schemes and commit to it. Fur-

thermore, the VIC has full ownership of the upstream firm and X has no ownership.

Assuming that the optimal choices of cost weights for both managers are determined

simultaneously, owner X would offer cost weight ~s � 1:431, which makes both

bidders bid less aggressively, and the VIC would offer cost weight

~a � 0:308\0:319 � aI	, which makes both bidders bid more aggressively (aI	 is
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the cost weight the VIC would have chosen for ~s ¼ 1). The bidding functions of

independent bidder X and integrated bidder V would be24:

bX½uX; ~a; ~s� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
~s2ð1� u2

XÞ þ ~a2u2
X

p
� ~s

ð~a2 � ~s2ÞuX
; bV ½uV ; ~a; ~s� ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
~a2ð1� u2

VÞ þ ~s2u2
V

p
� ~a

ð~s2 � ~a2ÞuV
:

The maximum bid would be �b � 0:575. In this case, the profits of X would increase

to pX ½~a; ~s� � 0:071 [ 0:065 � pX ½aI	; s ¼ 1�:25

The result above can be generalized for any ownership share holding of the VIC.

Owner X offers a cost weight of s & 1.37 when the ownership share of the VIC is

zero, and increases the cost weight when the ownership share of the VIC increases

up to a maximum of s & 1.431, when the VIC has a full ownership share.Owner X
cannot, however, credibly commit to these compensation schemes without a legal

requirement to publicly announce his compensation scheme; he has the possibility

to provide a (secret) side contract that sets s = 1 (maximizing profits). Independent

bidder X then finds its bidding function by maximizing his profits, given the above

bidding function of V; bV ½uV ; ~a; ~s�. While V would believe that X chooses the

bidding function bX ½uX ; ~a; ~s� as described above, X chooses instead the bidding

function:
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�u2

Xþ~a	2u2
X

p
�1

ð~a	2�~s2ÞuX
for uX\0:699

0:575 for uX [ 0:699
:

X then earns a profit of pX ½~a; s ¼ 1� � 0:105 [ 0:071 � pX ½~a; ~s�. As this deviation is

profitable for owner X, him setting ~s [ 1 cannot be part of a Nash equilibrium.

References

Biglaiser, G., & DeGraba, P. (2001). Downstream integration by a bottleneck input supplier whose

regulated wholesale prices are above costs. RAND Journal of Economics, 32(2), 302–315.

Burkart, M. (1995). Initial shareholdings and overbidding in takeover contests. Journal of Finance, 50(5),

1491–1515.

CRE (2010). Deliberation of the French Energy Regulatory Commission dated 30 September 2010 on the

application of article 7 of Regulation (EC) No. 1228/2003 dated 26 June 2003 and on conditions for

access to the French electricity transmission grid for new exempt interconnectors.

de Hauteclocque, A., & Rious, V. (2009). Reconsidering the regulation of merchant transmission

investment in the light of the third energy package: The role of dominant generators, EUI Working

Papers, RSCAS 2009/59.

Dewatripont, M. (1988). Commitment through renegotiation-proof contracts with third parties. Review of
Economic Studies, 55, 377–389.

Dixit, A. (2002). Incentives and organizations in the public sector: An interpretative review. The Journal
of Human Resources, 37(4), 696–727.

24 These formulas are obtained by solving Eq. 4 and a likewise equation for the manager of allied bidder

X with cost weight s.
25 Other interesting auction outcomes would be that the profits of the holding company would fall,

pY
Holding Company½~a� � 0:530� w0\0:560� w0 � pY

Holding Company½aI	�, and that, as the auction would be

more asymmetric, the welfare loss would increase, WL½~a; ~s� � 0:065 [ 0:041 � WL½aI	; s ¼ 1�.

Eur J Law Econ

123



ERGEG (2009). ERGEG principles: Capacity allocation and congestion management in natural gas

transmission networks: An ERGEG evaluation of comments paper, Ref: E09-GNM-07-03.

European Climate Foundation (2010). Roadmap: A practical guide to a prosperous, low-carbon Europe
(Vol. 1). Technical Analysis. Available at http://www.roadmap2050.eu

European Commission (2004). Note of dg energy & transport on directives 2003/54-55 and regulation

1228\03 in the electricity and gas internal market.

European Commission (2007). Report on energy sector inquiry. Available at http://ec.europa.eu/

competition/sectors/energy/inquiry/index.html.

European Commission (2009). Directive 2009/72/EC of the European Parliament and of the Council of

13 July 2009 concerning common rules for the internal market in electricity and repealing Directive

2003/54/EC. Official Journal of the European Union, L211(55).

Fershtman, C., & Judd, K. L. (1987). Equilibrium incentives in oligopoly. American Economic Review,
77(5), 927–940.

Fudenberg, D., & Tirole, J. (1984). The fat-cat effect, the puppy-dog ploy, and the lean and hungry look.

American Economic Review, 74(2), 361–366.
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