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Abstract

The aim of this paper is to consider in some detail the modelling implications of the
introduction of regulation in vertically related markets, allowing for non-linear pricing. Laffont and
Tirole focus their analysis on socially optimal linear access price regulation under incomplete
information, following the Bayesian Nash approach to regulation. By contrast, we leave aside
asymmetric information issues, paying particular attention to the problems related to the entrant's
behaviour and non-linear pricing. In fact, regarding competitive issues Laffont and Tirole (1990) and
(1994) make rather specific assumptions, as competitors are assumed to have an unlimited capacity
and they do not really need to undertake any economic decisions. In particular, the price they face is
just set equal to the sum of the marginal cost and the access price and they are only allowed to
charge linear price schedules. Furthermore, also the authority (as well as the incumbent) makes use
only of a linear access pricing policy.

After specifying the main assumptions of the proposed games we show how when the
incumbent remains the monopolist of an intermediate good (e.g. a network facility) which is
consumed both internally and by any potential competitors, with second degree price discrimination,
cream skimming turns out to be the only strategy of competition allowed by the incumbent. We also
show how the access charge determined by the incumbent depends, apart from the type of network
cost function, on the entrant's cost, the game's structure and the strategy of competition chosen by
the entrant. Therefore, in this framework the Baumol-Willig rule is optimal only in a very narrow set
of circumstances. Finally, we show how the same results derived for a vertically integrated industry
still hold under vertical separation when a) perfect discrimination between downstream producers is
not forbidden; and/or b) it is possible to resell access rights.

We believe that these and many other extensions of the analysis are helpful in understanding
this intriguing field of study, since they not only have a particular relevance from a theoretical
perspective, but also bring considerable practical implications for the policy to apply in many relevant

utility industries.

Keywords: Regulation, vertical markets, access pricing, cream skimming, competitive issues.
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1 Introduction

In countries, such as the UK, where previously held assumptions about the extent of network
industries are being challenged, experiments have been made in introducing a degree of vertical
separation. For example, Mercury (and others) compete with British Telecom to supply telephone
calls. But exchange and local loop facilities are, in general, still owned by British Telecom. By these
means it is hoped to engineer a reduction in the need of regulation, allowing competition to do some
of the work. Thus, the following question arises in theory (and in practice): is such partial
competition, at one vertical level alone, beneficial, or can the incumbent maintain monopoly profits?
Although there is a huge literature on topics such as access pricing regulation and vertical issues,
many such interesting questions remain to be analysed, and even distinguished economists, such as
Laffont and Tirole (1993), are still in search of a “general theory of access pricing” (p. 266).

An important supplementary question involves the determination of the range of circumstances
in which access pricing regulation can be used to bring about a competitive solution to final goods
supply, whilst a monopoly remains at one essential point in the chain of delivery.

Two plausible frameworks in which to examine these questions are provided by Laffont and
Tirole (1994) and Vickers (1995). In fact we decided to develop a third alternative. Some of the key
dimensions of comparison between the three models are listed in Table 1. As shown in the table, all
three models” aim is to develop a normative theory of access pricing. However, different
specifications of the regulator’s objective functions are used. Laffont and Tirole (1994) consider the
so called cost of public funds, a parameter that affects both consumers’ and producer’s net surplus in
the welfare function, in the presence of a regulated monopoly.' Vickers (1995), following Baron and
Myerson (1982), introduces distributional considerations in a simple but “ad hoc” way, by putting
more weight on consumers’ surplus. Here we summarise the two alternative standard definitions of
the social welfare function, where the two superscripts A and ¢ will denote respectively the Laffont
and Tirole and the Baron and Myerson approach:

[LT] W= S(Q) - (1+A)(C+t) - AU(Q)
[BM] W*=5(Q +0I1(Q)

where S(Q) denotes the net consumers’ surplus, (1+\) the cost of public funds, C the incumbent’s

! Furthermore, they also introduce in the managerial utility function (which has the same weight as
profits and consumer surplus) a moral hazard or effort parameter (distinguished from the adverse
selection, which has a merely technical nature). However, the introduction of this new probiem does
not cause any trouble, as both the regulator and the firm’s manager are risk neutral. For a more
detailed explanation see also Vagliasindi and Waterson (1995).
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cost function, t the net transfer received from the regulator to the firm (following Laffont and
Tirole’s accounting convention), U(Q) the managerial utility function and II(Q) the incumbent’s
profit function. According to the first definition social welfare is the sum of consumers’ net surplus
minus the total cost of the project to the taxpayers minus the rent to the firm times the shadow cost
of public funds. In the case of Baron and Myerson social welfare is defined “ad hoc” as a weighted
sum of consumers’ surplus and producer’s surplus with less weight (¢<1) put on profits.

In this paper we will deal with both specifications, showing how they lead to qualitatively
similar results. Furthermore, for clarity of exposition we start from the standard first best analysis
[Loeb and Magat (1979)] in which the regulator’s objective, i.e. the social welfare function, is
defined as the unweighted sum of consumers’ and producer’s net surplus, abstracting from
distributional considerations and costs associated with monetary transfers.

The structure of the models, which captures both naturally monopolistic and potentially
competitive activities, involves the representation of an upstream monopolist and a downstream
sector. The latter is modelled as a price taking fringe in the case of Laffont and Tirole (1994), apart
from a brief digression on competitors with “market power”, and as a Cournot duopoly (where the
incumbent is one of the players) in Vickers (1995). Less extensive deregulation in the downstream
market will be considered in this paper, given the presence of a single output constrained entrant, the
idea being that competition must begin somewhere. However, particular attention will be devoted to
the price discrimination issue (making reference not only to final goods but also to the downstream
sector).

Let us finally spend a few words on the information structure of our model. The amount of
private information built into the standard models on the regulatory side seems too limited by
comparison with the problems actual regulators face. There is no reason why the regulator should be
merely uncertain about the level of the cost function, as in Laffont and Tirole (1994) and Vickers
(1995), and not about its shape, or the demand condition of the industry. Furthermore, as Vickers
(1995) says “It would be nice to examine a model in which the regulator was uncertain about both
upstream and downstream cost levels” (p. 4), but as shown in the table none of the models assume
that the entrants’ costs are private information. Our approach is to ignore the problem of adverse
selection on the regulator’s side, introducing asymmetric information only between the firm and its
consumers. This assumption is quite usual in the case of a public firm which directly maximises social
welfare.

Of course, we cannot use the excuse that our model is simply different in order to motivate our
analysis. Rather, we feel it has a number of desirable features in relationship to the analysis of certain
UK regulatory scenarios. First, comparing with Laffont and Tirole (1994) their model is quite
restrictive in terms of the interesting problems of strategic competition which we feel have been
evidenced in eg. telecommunications in the UK.2 We also believe it is important to allow for different

* Competitors are assumed to have an unlimited capacity and they don't really take any type of
economic decisions (there is only a brief digression on competitors with “market power”). In
particular, the price they face is just set equal to the sum of the marginal cost and the access price.
Furthermore, competitors and also the regulated firm make use only of a linear access price policy.
This is also true in the presence of a bypass technology of the monopolised good, where there is a



customer types which are evident in practice and in policy discussions, but not featured in Vickers’
model.

Moreover, once we do this it seems reasonable to allow for non-linear pricing (to consumers
and to firms in order to get access to the network). However, as the presence of non-linear pricing
complicates the structure of the game, introducing incentive compatibility problems, we will slightly
simplify the model proposed by Laffont and Tirole, eliminating, for instance, the product
differentiation issue, in order to derive clear-cut results and to pay a particular attention to the
problems related to the entrant's behaviour and non-linear pricing. Differently from Laffont and
Tirole, who focus their analysis exclusively on socially optimal linear access pricing under complete
(or incomplete) information, following the Bayesiah Nash approach to regulation, we start from the
unregulated case, examining non-linear pricing. The simplest framework to study is the one in which
both the incumbent and his competitors have the same technical requirements for the intermediate
good; i.e. there is no need to create new infrastructure or facilities to connect the competitors with
the existing network. We will refer to this situation as the “common network case” (following
Laffont and Tirole).

Within a model in which we ignore vertical issues it can be shown, as in Vagliasindi (1994),
that cream skimming is not always the most profitable strategy for the entrant, except for particular
cases. This is no longer true for the common network case. In fact, when the incumbent remains the
monopolist of an intermediate good consumed both internally and by any potential competitors
cream skimming turns out to be the only strategy of competition allowed by the incumbent.

There are several policy options that need to be analysed in a vertical setting, the most
important of which are related to vertical structure and vertical conduct. Referring to the first
question a network industry may be vertically integrated or vertically separated. If the incumbent
starts off as a vertically integrated firm then a policy of vertical separation involves divestiture.
Whether a network industry should be vertically integrated or vertically separated depends on the
extent of vertical economies and on the cost of regulation.’

We will therefore also consider vertically separated structures in which the network is owned
by an upstream monopolist. We will show that under complete information and in the absence of
regulation, the upstream monopolist (if allowed to price discriminate) is able to expropriate all the
downstream industry’s profits. It is worth noticing how in this simplified setting vertical separation
does not introduce major changes in the model proposed in the case of a vertically integrated
industry, so that the same results still hold.

When perfect discrimination (i.e. first degree price discrimination) between downstream
producers is forbidden (but non-linear pricing is allowed) we are dealing with an incomplete

cream skimming model. Hence, it may be interesting to introduce the possibility of price
discrimination. As this pricing strategy is a more general one, always superior to the linear pricing
strategy, it is not clear why a firm (and in particular the incumbent) and the regulatory authority
should reject it a priori.

* An intermediate approach may be to allow the incumbent to own the network but to oblige him to
keep separate accounts for his network (setting the transfer price paid by his retail organisation equal
to the access charge imposed on any potential entrant). This approach allows to combine the benefits
of economies of scope with the ban on discrimination by the network.
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information setting; however, as long as it is possible to resell access rights, or the access charge can
be expressed as a function of the different consumption bundles that characterise each type of
customers, nothing changes with respect to the complete information setting.

The previous considerations (true even with an endogenous entry scale) lead us to the
conclusion that, under particular circumstances, changes in the vertical structure of a network
industry do not matter a great deal. Even in this setting, as under vertical integration, cream
skimming turns out to be the only profitable strategy of competition and the upstream incumbent
obliges the competitor to act as a surplus taker (keeping the monopoly pricing strategy, as long as he
faces a fixed scale of entry).

However, when the access charge cannot be a function of the customers' bundles, the standard
result of ‘no distortion at the top’ no longer holds. In fact, in this case, the constraint imposed on the
quantity produced generates a new trade off between rent extraction and profit maximisation for the
downstream incumbent, so that a tariff distortion at the top arises.

The structure of this paper is as follows. We will first discuss the structure of the approach
chosen to model access pricing and vertical issues, specifying the main assumptions of the proposed
games (section 2). The following sections (3 and 4) provide the solution of the game in the absence
of regulation and for the case in which the entrant is as efficient as the incumbent. In section 5 we
will show how in this setting, even with perfect regulation (in a full information framework) and
without product differentiation, the Baumol-Willig rule will not always represent the optimal access
pricing policy. We will then discuss the structure of the approach chosen to model vertical separation
(section 6) showing how when perfect discrimination between downstream producers is forbidden
(and only non-linear pricing is allowed) and/or as long as it is possible to resell access rights the same
results still apply. A final section (7) summarises the main results achieved by our analysis.

2 Modelling approaches to non-linear access pricing

It should be obvious that in general, there are several possible schemes, and correspondingly
several games, that can be used to model access pricing and vertical issues. In what follows we
examine a sequential model assuming that the interconnection costs are functions of output capacity
and of the number of customers to be served, referred as the vertical game, whose structure is
summarised below. *

Vertical Game

(0) the authority sets up the regulatory system;

(1) the incumbent fixes the access pricing strategy F(K,;, K, Q%) in each market, where Ky denotes
the number of customers served by the entrant in market t {t = H, L} and Q° represents the total
output produced by the entrant;

(2) the entrant decides her scale of entry in terms of the number of customers {K¢} to be served;

4 Naturally, we may have different versions of this game, depending on the nature of the network
cost function and the pricing strategy chosen by the entrant. We believe that this approach might be
particularly appropriate to describe telecommunication industries (where the crucial variable of
competition is the number of people to be served) and in particular the case of "British Telecom” and
"Mercury", especially if we focus on competition for large users.
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(3) the incumbent chooses his pricing rule {Ty, q¢}, where Ty = T(qy) is a fully non-linear tariff (q; is
the quantity purchased by a customer of type t);
(4) the entrant chooses the strategy of competition and her non-linear tariff {T¢, q&}.

In the following we will consider only two final goods markets. The total output in the final
goods’ sector can be decomposed in Q°, the output of a monopolised good (e.g. local telephone
calls), and Q which is the output of a non-monopolised good (e.g. long-distance calls), hereafter
denoted also as good 1.

On the consumers' side, for simplicity's sake, we restrict the analysis to two types of
customers: high and low-demand customers (t = H, L).

(i) each type is present in the same number (denoted by N);

(ii) as in Laffont and Tirole, for simplicity’s sake, we will assume that the monopolised good is sold
by the incumbent at the linear price p°. We can in fact for instance suppose that both the customers
of type L and H make the same phone calls, as they receive the same utility v(q°) from consuming a
unit of the monopolised good. For the non-monopolised good the gross surplus function of type t is
assumed to be a function of the relative output per unit of customer (q,) and a taste parameter (6,)
which captures the willingness to pay for the bundle q;. To simplify notation consider the following
simple functional form, such that for the same quantity, the high-demand utility becomes a fixed
multiple (8) of the low-demand's one, with 6 > 1:

[1] uy =0 u(qy)
[2] u =u(qp)
with u'(g)>0 and u"(gy)<0.

On the industry's side both the incumbent and the entrant are allowed to make use of fully
non-linear tariff:

T =T(qp j=ie
where T is the amount paid to the firm by the customer of type t.

(iii) In the absence of entry the incumbent acts as a monopolist in good 1 and is characterised by the
following variable cost and revenue functions in that market:

CQ)=c*Q
R(Q) = [Ty + Ty] N

where c* is the incumbent's constant marginal cost and Q' = N (q;, + qi) denotes his total output. We
are assuming that the incumbent's fixed costs are already sunk.

(iv) the competitor has a fixed limited scale of entry in terms of number of customers to be served:
K=K +Ky<N

Loosely speaking, she can't preempt either of the two markets. For simplicity's sake, we will keep
this assumption in all the stages of the game. We assume that she must pay an access charge F fixed
by the incumbent (which can be considered as a cost of entry) which may depend in general both on



the scale of entry K and on the total output Q*:
F(K;, Ky Q)20

Finally, she has a linear variable cost function;
CVe=m Q°

where m denotes the value of her marginal cost.

Notice how the competitor will enter the non monopolised good market if the usual participation
constraint is satisfied:

[IR°] IT(Q°) = Ky (T, - mq°p) + K (T - mq*) - F(Ky, Ky, Q) 20

We do not need to specify an incentive compatibility constraint, as we are dealing with a single
competitor with complete information.

(v) the production cost of the two final goods also depends on the network subcost function NC. In
general the latter may depend on the number of customers to be served (2N) and on the total
quantity of commodities (Q° + Q, where Q= Q' + Q°) which flows through the network:

NC(2N, Q"+ Q)=NC(2N) + ¢ Q° +c'Q

To simplify matters in what follows we will assume, without loss of generality, ¢! equal to zero.
In the presence of entry the incumbent is characterised by the following cost and revenue functions:

CQ)=c*Q'=c* (N q. + Ny q)
R(Q) =N T, + Ny Ty

where Ni=N-K; denote the residual number of customers of type t served by the incumbent, c* is the
incumbent's constant marginal cost and Q' = N, q; + Nyqy denotes the total output. Notice how we
are assuming that the incumbent's fixed cost depends on the total number of customers 2N. In the
next sections we will solve the general game, starting from the simple case of an equally efficient
competitor (i.e. m = ¢*),

3 The incumbent's problem in the presence of an equally efficient competitor

Let us start from the analysis of stage 3, tackling the incumbent's optimisation problem in the
absence of entry (i.e. when N = N} = Ny). In this case the incumbent acts as a monopolist; that is,
he maximises his profit function IT(Q!) with respect to the tariff system {T;, qr» Ty and g} subject
to the individual rationality and incentive compatibility constraints:

[Problem 1] max I1(Q) = p°Q°+ R(QY) - NC(2N, Q° + Q) - C(QH subject to:
[MME] p°’<v'(q)

[MR; ] u(q) -T,. 20

[IRy] Bu(gy) -Ty 20

[C. ] u(qy) - T, 2 u(gy) - Ty
[IC4] Ou(gy) - Ty=0u(q) - T,

The first constraint [MME] simply states the (monopolised) market equilibrium on the
consumers’ side, imposing the price of the monopolised good to be equal to the marginal utility
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enjoyed by its consumption. The two following constraints [IR,] [IR,] are the usual participation
constraints (with reservation prices equal to zero) for the two types of customers, whereas [IC; ] and
[ICyl specify the incentive compatibility constraints. The upward binding incentive constraint [IC; ]
prevents the low-demand type from consuming the high-demand bundle (g;;), while the downward
binding incentive constraint [ICy] prevents the high-demand consumer from mimicking the low-
demand customer. As proved for instance by Laffont and Tirole (1993, p. 57-8) the upward binding
constraint [IC; ] and the participation constraint [IR;] are automatically satisfied by the solution of
the problem when [IR, ] and [ICy] are binding. Hence, no surplus is allowed to the L type, whereas
the H type enjoys a positive net surplus [given by (6 - 1) u(gy)].

Making use of consumers' optimality conditions for the non monopolised good, ie. p; = ¢
u'(qy) we can then write the first order conditions as: *

[q°] ¢’ =v(@+v'@) ¢
[yl pp=01u'(gy) =c*
[q] P = (g =c*/(2-6)

The first equation simply states the equality between the marginal cost and the marginal
revenue for the monopolised good. The following ones imply that there is no distortion at the top
and the monopoly distortion at the bottom. In particular, we obtain the optimal relationship
between the two marginal prices p; and py (and between q; and qyy):

[3] Pu=02-9)p.
[4] Bu'(gy =(2-6)u'(q)

The determination of the optimal revenue function in the absence of vertically related markets
(NC=F=0) involves the solution of the following problem:

[Problem 2] max IT(Q) =T, N; + Ty Ny - ¢*(q; N +qy Ny)  subject to:
[IR, ] T, =u(q)
[1Cy] Ty=0u(qy - (8- 1) u(gy)

The optimal relationship between the two marginal prices is very easily obtained from the
previous one, making use of the optimality conditions which hold for the consumers, i.e. pe = 6;
ul(qt): 6

* Once we substitute all the functional forms of the revenue and cost functions, as previously defined,
[Problem 1] becomes:
max [1(Q) = 2Np°q’ + N(T; +Tg) - NC(2N) - ¢’ 2Nq°) - ¢*Q! subject to:
[MME] p’=v'(q")
(R ] T, =u(q)
ICy] Ty =0u(gy) - (6 - 1) u(q)
This problem can be easily solved only with respect to q°, q; and qy, once we substitute the
three binding constraints into the objective function:

max [1(Q) = 2Nv'(q°) "+N (2-6) u(q; )+N6u(qy,) - NC(2N) - c’(2Nq°) - c*N(g; +qy)-

¢ [Problem 2] can be solved only with respect to q; and qy, once we substitute the two binding
constraint [IR; ] and [IC,] into the objective function:
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[a] Py=0u'(qy) =[1- (8- 1) Ny/N 1 u'(qy) =[1- (8- 1) Ni/N; ] p=c*

Notice how, in the absence of vertically related markets q; and T, are decreasing functions of
the ratio Ny/N; where as Ty = 8 u(qy) - (8 - 1) u(qy) is an increasing function of the ratio Ny/N; .
However, introducing vertical markets, the non-linear tariffs are independent of the scale of entry,
that is of the ratio Ny/N;, as is evident from equation [3]. Also the simplified optimal monopoly
relationship between the two marginal prices holds independently of the value of the ratio Ny/N;.

In order to clarify the exposition of the model, let us focus, as we have already mentioned, on
the case of an equally efficient competitor (i.e. m is equal to c*) and solve the game in the absence of
regulation, that is ignoring stage (0). In particular, we will tackle the question on how the
incumbent’s profits vary, depending on the competitor’s entry decision. In this case, if the competitor
acts as a tariff taker [i.e. she takes as given the tariffs T, determined by the incumbent in stage (3)]
she will maximise her gross profits (abstracting from the access charges). That is, as will be shown
later, a surplus taker competitor and a tariff taker competitor will end up proposing the same tariffs.
Hence, for simplicity’s sake we will consider only the case of a tariff taker competitor and
demonstrate the following proposition.

Proposition 1

When an equally efficient competitor may enter the market of good 1 it is optimal for the
incumbent to set the per customer access charge equal to the monopoly variable profits; that is, Ty -
c*qy and to maintain the previous monopoly pricing strategy, independently of the scale of entry K.
In other words, the incumbent is indifferent between facing a duopoly or a monopoly situation in the
market of good 1.

In what follows we will provide just a sketch of the proof of Proposition 1, as what matters at
this stage is to develop the crucial reasoning relevant in the solution of the game.

Since in the absence of regulation the incumbent can fix at his discretion the level of the access
charge, his profit can never be reduced in the presence of entry (as he can always deter entry by
setting a very high access price). Furthermore, as the incumbent knows the competitor’s marginal
cost he can extract all the entrant’s profit, simply by setting the per customer access charge equal to
the entrant’s per capita gross profits; that is, T - c*q°;. Notice how we are considering a simplified
framework (i.e. in the absence of inframarginal effects, or alternatively assuming a small scale of
entry) the entrant will cream skim, since her variable profits in this case are strictly greater than the
ones she had serving low-demand customers. A lower access charge would not be levied, since in
this case the incumbent would be worse off, getting lower profits. Therefore, assuming the presence
of a tariff taker competitor, stage (3) is automatically solved, given the incumbent’s choice of 1

In particular, if the per customer access charge is set equal to the gross profits of a tariff taker
competitor, the incumbent will expropriate all the entrant’s profits. In this case, we can write the
access pricing condition [AP]:

[AP] F(Ky) / Ky = Ty - C*qy

max II(Q) = [Ny - N(6 - D] u(qy) + Ny 6 u(qy) - c*(qy, Ny + q Np).
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In order to deal with stage (3) we may write down the incumbent’s maximisation problem, in
presence of entry, subject to the access pricing condition:
[Problem 3] max IT(Q) =
2Np°q°+N; T; +NLT+F(Kyp) - NC(2N, Q° + Q) - c°2Nq°) - c*(N_q; +Nyap)

subject to:
[MME] P’=v'(q")
R, ] Ty, =u(qy)
ICx] Ty =0u(gy - (6 - 1) u(qy)
[AP] F(Kp) =Ky (Ty - c*qy)

It is easy to show how substituting the constraint [AP] the problem becomes exactly the same
as the one examined in the monopoly case. This ailows us to solve stage (3) as we get the values of
q’, q;. and qy. Given the [AP] condition, clearly the entrant is indifferent about entry for py=c*=m,
only if she serves the H type; otherwise, she will always incur in losses. Thus, we can assume that she
enters and goes for the H type.

Clearly, the proposed solution is not necessarily the unique solution of the game; however, this
is the only economically relevant solution, since it allows the incumbent to get the same results as if
he was the only player. Notice how, in practice, the incumbent has a sort of control on the scale of
entry, since by setting the appropriate access charge to the entrant (extracting all her profits) he can
oblige the entrant to take the action he wanted to; that is in this case to go only for the high-demand
type (setting K= Ky). The previous reasoning isolates the relevant points that will allow us to solve
the general game.

4 A graphical exposition

It may be of some interest to give a representation of our game in the case of quadratic utility
Junction u(q)=q - (¢)%/2. In fig. 1 the linear marginal utility functions u'(q) and 8 u'(q) are shown, as
well as the optimal discriminatory marginal prices py=0G=c*, p; =OF>c*.

¥ p
AP bu@
C Y@ H=0p,
E P,
G I D C*=py
\ _
0

q, q, B ¢

It is immediate to derive graphically the quantities allocated per unit of customer (obtained in
correspondence of the intersection between the curves representing the marginal utility and marginal
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price for each type) and to verify that qy is greater than q;. The tariffs T; and Ty (i.e. the gross
revenue per unit of customer) are given by the integral from O to q; and from O to gy of the area
which lies below the L type and the H type marginal utility function u'(q;) and 6 u'(qy). In the linear
case Ty and Ty are respectively given by COq; E and Hq; q;D. The net revenues per customers’ type
are derived by subtracting the variable costs and are given by CGIE and CGIE + HID. The H type
enjoys a positive net surplus which amounts to (0 - 1) T; (the area ACEH).

Let us first consider a competitor with the same marginal cost of the incumbent (m=c*). If the
non-linear monopoly tariffs T; and Ty are maintained unchanged by the incumbent, the best the
entrant can do, for any scale of entry, is to go for the H type and to get a gross profit per customer
given by CGIE + HID (always greater than CGIE). Hence, if the competitor enters she will certainly
decide to do cream skimming, setting p*y=m=c*,

Furthermore, she will enter only if her implicit participation constraint is satisfied; that is, the
per customer access charge she must pay to the incumbent is lower than her gross profits per unit of
customer (CGIE + HID).

To complete the argument, we just need to show that the optimal pricing for the incumbent is
indeed to choose the monopoly tariffs T; and Ty, for any scale of entry. This seems obvious if we
realise that, given an equally efficient competitor, the incumbent who expropriates all her gross profit
is exactly in the same position as a monopolist.

In fact, if he increases q; by a marginal amount he will gain p; -c* (that is, segment EI) from his
N low type customers, but he will lose (6-1) p, (that is, segment HE) from his Ny high type
customers, and similarly from the K=Ky per customer access charge paid by the entrant. Hence, in
practice his net marginal losses are N(6-1) p;, as if entry had not occurred. Basically, we have an
internal optimum when marginal losses equate marginal gains; that is, N(6-1) p;=N (p,-c*) which
gives p;=c*/(2-8), that is independently of the scale of entry. Thus, the monopoly pricing T; and T,
derived analytically in the previous section, still represents the optimal pricing strategy for the
incumbent for any scale of entry, which is exactly what we needed to show. As before, in practice,
the incumbent has a sort of control of the scale of entry, since by extracting all her profits by means
of the access charge he can oblige the entrant to set K= K.

Let us tackle the general game introducing a surplus taker competitor, for simplicity’s sake but
without any loss of generality, in order to show the general solution and how the incumbent’s profit
will vary, depending on the competitor’s type. To achieve this aim we can simply add in the previous
fig. 1 a line parallel to py in correspondence of m (which is less or equal to c*).

With a more efficient competitor (with m less than c¢*) the incumbent can increase the per
customer access charge asking the entrant exactly her gross profits per unit of high-demand
customer (CLME+HMN). This is in fact, on the basis of the previous reasoning, the new optimal per
customer access charge, for any scale of entry (given the monopoly price py=c*>m). In fact, as
before, the competitor will enter only for non negative profits and will decide to do cream skimming,
setting py=m<c*.

As before, the incumbent will maintain his optimal non-linear tariffs T; and Ty, for any scale of
entry, because the first order condition relative to gy does not depend on the value of Ny and the
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additional K; per customer profit (GLND) is fixed and does not affect the optimal level of q;. This
happens because, given py the additional access profit (GLND) remains untouched for any given
level of p, greater than py, so that the incumbent remains in the position of a monopolist, with an
additional profit which depends only on the scale of entry K= Kj;. A higher access charge would not
be levied, since in that case entry would not occur and the incumbent would just get his monopoly
profits, losing any additional access profit. On the other hand a lower access charge would not be
levied either. In fact, if the incumbent increases q; by a marginal amount he will gain p,-c* (that is,
segment EI) from his N low type customers, but he will lose (8 - 1) p; (that is, segment HE) from his
Ny high type customers, and similarly from the K=K, per customer access charge paid by the
entrant. Hence, as before, his marginal losses are N(0 - 1) p;, as if entry had not occurred and the
monopoly pricing T; and Ty still represents the optimal pricing strategy for the incumbent for any
scale of entry, which is exactly what we needed to show.

To complete the reasoning, we just need to consider the case of a less efficient competitor and
of a positive network marginal subcost associated with the delivery of good 1 (that is, considering
the case in which ¢’ is greater than zero).

It can be shown that entry is not optimal for a less efficient competitor. If we assume c* less
than m, clearly the per customer access charge the entrant can afford to pay is less than the gross
profits the incumbent can obtain by making use of the monopoly tariffs T; and Ty, for any scale of
entry. It is obvious that knowing this outcome, the incumbent will set the per customer access charge
greater than the competitor’s gross profits, so that no entry would occur.

A positive level of ¢' creates no major problems. In fact, with a single competitor we can just
limit to analyse two part tariffs, setting:

F(Ky, Q) =c' Ky @'y + HKy)

where H(Ky,) plays the same role of F(Kyy) in the previous analysis. In practice, the presence of an
additional variable access cost just shifts the previous marginal costs curves upward from c* to c*+c*
for the incumbent and from m to m+c' for the entrant. However, once this has been taken into
account, we can apply the previous reasoning simply by setting py=c*+c' and m'=m+c'. No other
changes affect fig. 1.

The previous results referred to the entrant’s and the incumbent’s pricing strategies are useful
to solve the general game and to prove the following general statement.

Proposition 2

In the general model, without regulation, there is no competition for the L type in the market
of good 1 (the non monopolised commodity). It is optimal for the incumbent to allow the entry of a
cream skimming competitor, only if she is at least as efficient as the incumbent (c* > m), and to set a

7 It might be interesting, before concluding the graphical analysis to notice how the fact that a more
efficient competitor sets a marginal price less than p;; implies a surplus loss for the monopolist and
the collectivity. In fact, if the marginal units q°y - gy were sold as inframarginal units to other H
customers, or to L customers, they would produce (in this linear case) a surplus which is exactly the
double of the previous one. In practice, very loosely instead of having a triangle we would have a
rectangle; more precisely Pareto optimality implies equal marginal rates of substitution).
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per customer access charge equal to the monopoly variable profits; that is, T°g-c*qy (for ¢'=0). In
this way he can maintain the previous monopoly pricing independently of the scale of entry K (<N).
When a more efficient competitor enters the market the incumbent prefers to have a duopoly rather
than a monopoly in the market of good 1. He also finds it optimal to oblige the competitor to behave
as a surplus taker. However, it would even be preferable for the incumbent (and for the maximisation
of social welfare) that the competitor sells all the produced good 1 to the incumbent (without any

losses) at the marginal cost, so that the latter is able to resell it to the consumers at the monopoly
tariffs.

As before, we will just sketch of the proof of Proposition 2. Since we know that the incumbent
fixes the access charge in order to maximise his profits, on the basis of the previous analysis we can
ignore the presence of a less efficient competitor. In fact, allowing entry the incumbent will always
get a lower per customer gross profit. Namely by asking the entrant a per customer access charge
equal to her variable per customer profit he would be worse off, incurring in losses with respect to
the monopoly profits, being T; -c*q; > T*-mq°; (for c*<m). On the other hand, for a more efficient
competitor, the per customer gross profit advantage [that is, (T°-mq°’)-(Ti-c*qy)] assumes the
highest value if we have cream skimming competition. In practice, (T%-mq,)-(Ty-c*qy) is greater
than (T% -mq°® )-(T, -c*q;) for c* greater than m. Consequently, it is clear that, as the entrant has a
fixed scale of entry, we can set K= Ky (i.e. Ky is now given being no longer a control variable). The
competitor’s optimisation problem can therefore be stated as:

[Problem 4] max [1(Q°) =Ky (T°, - mq®y) - F(Ky) subject to:
(C%q] Ty=0u(@y-0O-1) T,

where T; is the incumbent’s optimal tariff determined in stage (3).
Solving the previous problem, we get the following first order conditions:

[q°x] Pr=0u(@y=m

Knowing m, the incumbent will set the per customer access charge equal to the entrant’s per
capita gross profits; that is T°;-mq°y. Furthermore, as the incumbent expropriates all the entrant’s
profits, it will be in his interest to oblige the competitor (by appropriately setting the access charge

tariff) to behave as a surplus taker. From the previous reasoning we can write the access pricing
condition [AP] as:

[AP] F(Ky) =Ky (T - mqy) = Ky [0 u(q'y) - (6 -1) u(g;) - m ']
which is needed in order to solve the incumbent’s maximisation problem.

[Problem 5] max I1(Q’) = 2Np°q’+N T, +N T +F(Kyp)-NC(2N)-c°(2Nq")-c* (N, q; +Nyyqyp)

subject to:
[MME] P’=v(q"
(R, ] Ty =u(q)
[ICx] Ty=0u(qy - (0-1) u(g)
[AP] F(Ky) =Ky [0 u(@’y) - (6 -1) u(qy) - m q%]

Solving [Problem 5] with respect to q°, q; and g we obtain the very same first order
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conditions of the monopoly case and in particular: p; = c* / (2-8) = py;/ (2-6). This can easily be
checked by substituting the four binding constraints into the objective function. Thus, solving the
incumbent’s problems we get the optimal values of q°, q; and qy. Given the previous result, the
competitor is indifferent to enter or not, knowing that the best outcome is to break even, serving the
H type. Thus, we can assume that she enters and does cream skimming. On the other hand, the
incumbent cannot do better than to oblige the competitor to maximise her gross profits (behaving as
a surplus taker) setting the per customer access charge equal to the entrant’s per capita gross profits.

One may feel that the previous model has two major drawbacks. On one side, the scale of entry
is exogenously given and the entry decision is limited to a binary choice. On the other side, the cost
function of the entrant may seem “ad hoc”, as in practice she has a fixed marginal cost m, till she
serves a number of customers less than K and an infinite marginal cost from there onwards. These
drawbacks are solved in proposition 3 and 4 modifying assumption (iv), as specified in the appendix.
Proposition 3

If we leave unchanged all the other assumptions and allow the potential competitor to choose
any finite number of customers as her scale of entry -that is, 0<k<K(<N)- in stage (2) the solution of
the game will not change.

Proposition 4

Under assumptions (i), (ii), (iii), (iv)’ and (v) allowing any finite discrete number of customers
as scale of entry there is only cream skimming competition in the market of good 1 (the non
monopolised commodity). It is optimal for the incumbent to allow entry, to set a per customer access
charge equal to the monopoly variable profit and to maintain the previous monopoly pricing. The
incumbent also finds it optimal to oblige the competitor to behave as a surplus taker. However, it
would be preferable for the incumbent (and for the maximisation of social welfare) that the
competitor sells all the produced good 1 to the incumbent (reaching only break-even profits), so that
the latter is able to resell it to the consumers, applying the monopoly tariffs.

Finally, it may seem undesirable that the purchasing solution (that is, the one in which the
incumbent buys all the output of the entrant to resell it to the customers) should be preferable to
allowing entry and direct selling for the competitor. As this will in reality just complicate the model,
without enriching it with further essential economic content we will briefly examine these problems
in the appendix.

5 The Baumol-Willig rule

From the point of view of society, in a first best setting without price discrimination and
redistributional concerns, the regulator should set the access pricing equal to the marginal cost of
providing access. In fact, it is always possible to cover eventual budget deficits with lump sum
transfers.

Unfortunately, such first best outcomes are not normally available, due, for instance, to the
presence of a binding budget constraint and the impossibility to finance subsidies through lump sum
taxes, as Baumol (1983) implies. Therefore, one should explicitly consider optimal departures from
marginal cost pricing, analysing how both the powers that the public regulatory authority can use and



16

the possibility to allow transfers to the firm (a possibility that may be endogenised in the model,
explicitly allowing for regulatory capture, as done by Laffont and Tirole) influence the final results.

Baumol (1983), considering a particular case, proposes a solution, known as the Baumol-
Willig rule or the efficient component pricing rule, that can be used in order to attain some (Pareto)
improvements. According to it, within non perfectly contestable industries access charges should be
set equal to the marginal cost of access plus a term which reflects the opportunity cost of entry.®

Let us consider the original example where a vertically integrated incumbent operates a rail
service connecting R, S and T. An entrant offers a perfect substitute on the competitive route
connecting R and S and has access to the incumbent’s track ST.”

Baumol just deals with the efficiency issue (implicit in consumers' choice) of not distorting "the
relative competitive advantages" considering how, ceteris paribus, a non-discriminatory access price
cap should be set by an outside regulator to enforce the "principle of parity" of implicit prices, given
the inefficiency of a private bargaining process.

Even if Baumol does not believe that firms will adopt a Ramsey pricing policy voluntarily we
may consider, as in Cave (1994), the case where the incumbent’s retail price p for the service over
RST is equal to average costs.

Let the incumbent’s per unit incremental costs of providing track-space over ST and of
providing track-space over RS and train space on RT be respectively ic, and ic, The entrant’s
average incremental costs of track-space over RS and train space on RT is ic,. In this case the
equitable access charge F* that the incumbent should charge is:

F* =p-ic;=ic, + (p - ic, - icy)

The optimal charge is set equal to the marginal cost of access (ic,) plus the opportunity cost of
access (p - ic, - ic;), i.e. the profits foregone by the incumbent by not serving the traffic. As the
incumbent enjoys a fully compensatory pricing, this rule just increases the industry's efficiency, as in
the case of a vertical merger. In fact, F* is "economically compensatory”, being the implicit access
charge a merged monopolist would choose (for providing track-space over ST) when he faces with
the question of which production process should be used for the segment RS. Furthermore it
minimises the costs of production, as clearly the merged firm would always minimise costs. Thus, the
rule just increases the industry's efficiency, as in the case of vertical merger.'

® Furthermore, he shows that when dealing with linear pricing in a market characterised by vertical
issues the collusive result is normally preferable to the competitive one [leading to a Cournot-like
equilibrium, see e.g. Waterson (1984) chapter 5] as prices are closer to marginal costs. It may be
useful to realise that both of these results exploit the very same efficiency enhancing properties,
implicit in a potential vertical merger.

? In the first case, where there is no integrated firm operating the entire service, Baumol does not
search for the optimal pricing for each segment or the entire track but simply considers "what price
setting process will best serve the interests of consumers". In this case, where both firms maximise
profits, collusion would best serve the consumers' interests compared to Cournot competition.
Clearly, the same type of setting (with independent Cournot-like profit maximisation model) should
hold in the second case (i.e. when transfers are allowed), as Baumol does not even spend one more
word in order to further specify matters.

 In sum this rule just "offers Pareto optimal criteria for pricing efficiency” related to the
“intermediate input” (the track-space from S to T); the very same one that the merged monopolist
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However, as the train space will be offered at its marginal cost only in perfectly contestable
markets (cf. n. 5 p. 355) nothing ensures us that p-ic; just covers costs the incumbent effectively
incurs (apart from the broader sense of opportunity costs).

Hence, when the network is earning excessive returns, or is operated inefficiently, the
application of the Baumol-Willig rule may lead to a situation in which the incumbent may earn super-
normal profits or impose the costs of his inefficiency to competitors. However, for regulatory
purposes, it may be useful to eliminate super-normal profits and inefficiency costs from the access
charge, as it was done above by theassumption that the incumbent’s price is equal to average costs.
In any case, later, Baumol and Sidak (1994) eliminate these potential problems, assuming that
efficient regulation has already solved them.

Cave (1994) points out that, with perfectly competitive entrants, social welfare may be
enhanced by lowering p (the incumbent’s retail price) and contemporaneously increasing F (the fixed
access charge). This consideration leads him to conclude that the rule "is applicable only when the
incumbent’s retail prices are non-optimal". But this is not so even in the Baumol basic case. In
reality, Cave refers to Armstrong and Doyle (1994), a model with linear pricing and without
transfers. Their proposition 1 (closely related to Laffont and Tirole 1990a and 1994), simply states
the optimality to set access charge in excess of the marginal cost of providing access, on the basis of
a simplified Ramsey pricing formula: (p - F - ic;) / (p - F) = -k/n in which the elasticity of supply of
the entrant is ;. However, this proposition can be easily falsified in the plausible case in which the
elasticity of supply of the entrant (in their model my) is infinite because she has constant marginal
costs. That shows how the Baumol-Willig rule can be socially optimal in the original context.™!

We can now focus on the cream skimming model with non-linear pricing described earlier. Let
us consider the conditions under which the Baumol-Willig rule is optimal. In practice, the per
customer access charge f*y which allows an equally efficient competitor who serves the H type (in
the absence of fixed costs) to break even and to enter the market is equivalent to the parity charge
derived by Baumol (in his example for the track ST). At the same time, the per customer access
charge f°; which allows an equally efficient competitor who serves the L type (in the absence of fixed
costs) to break even and to enter the market would be equivalent to the parity charge (for track RS).
According to Baumol, in order to avoid inefficient entry, all potential competitors should pay one of
these two charges in order to enter the high or low demand market.

would follow. Probably, this criteria may not necessarily hold if the two firms specialise on different
types of customers having different demand elasticity. But this point is already implicitly recognised
by Baumol (cf. p. 352). Cave (1994), as well as Armstrong and Doyle (1994), notice that this rule
should incorporate components related to the variety of products (i.e. the demand for the services)
provided over the network. However, this perhaps minor generalisation is already implicit in the
definition of the marginal and the opportunity cost of access (the profits foregone by the incumbent)
and recognised in the explicit assumption that parity holds only when the intermediate good "will
face the same [final] demand conditions and incur the same marginal costs" (p. 352).

" 1t should also be noticed how there is no reason which justifies the asymmetry between the
incumbent and the entrant; in particular the elasticity of supply for the incumbent does not appear in
any point in the analysis.

2 Naturally, the competitor will always prefer to serve only high-demand customers, as our analysis
has demonstrated. Nevertheless, in general there may exist particular specifications of the cost
function for which the competitor will instead maximise her profits by serving the L type.
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These prices are clearly the optimal ones for the incumbent who faces an equally efficient
competitor and, given the presence of monopoly tariffs, they also represent the minimum fixed access
charge which avoids the entry of inefficient competitors.

However, they do not represent the socially optimal prices, even with the very simple ultra-
liberal social welfare function given by the unweighted sum of consumer surplus and profits a la
Loeb and Magat (1979), ignoring any excess burden considerations. Let us therefore consider
optimal access pricing and the direction in which we must move in order to achieve Pareto
improvements. In practice we can always reduce the access charge f%; and increase %, till we reach a
tariff corresponding to the equality of marginal prices and marginal costs of the incumbent; that is,
the couple TV and TV for which we have py = p; = c*. Differently from Cave, the retail price is
lowered, but contemporaneously the access charge is decreased t0o.

Under a full information setting whenever py = p;. = ¢* and ¢'=0, if the regulator sets the unit
access charges % and f*%; following the Baumol-Willig rule, he will leave the incumbent's profits
unchanged.

Yy =Ty - c*q"y Y =TV - e*q™,

These "parity" unit access charges are optimal with any type of competitors.* Hence, in the
Loeb and Magat’s setting, once the optimal regulated tariff (T"; and T%)) is reached, we may
impose the Baumol-Willig pricing rule, as it represents the socially optimal access pricing policy for
the whole society. However, in reality, it does not matter if the incumbent would instead set a higher
access charge and expropriate (partially or totally) the more efficient competitor's profits. In any
case, if we totally disregard redistributional concerns, the "parity principle" is fully applicable with

optimal incumbent's retail prices, differently from what stated by Cave, even if lump sum transfers
are available.

Alternatively, disregarding the issue of moral hazard -with no loss of insights, as shown by
Vagliasindi and Waterson (1995), we can acknowledge the fact that taxes change the behaviour of
economic agents creating unavoidable distortion costs, following for instance the cost of public
funds’ approach due to Laffont and Tirole, or imposing the presence of a binding break even budget
constraint and the impossibility to finance through subsidies. In the first case (allowing for costly
public transfers) we should have some distortion at the bottom, as in the monopoly case.!

If we consider now an equally efficient competitor (and c=0) the Baumol Willig rule turns out
again to be optimal. In fact, it will prescribe setting the unit access charge:

PV =Ty - c*qly Y =T - c*qy

However, because the public (or private regulated) firm’s profits are now given an additional

** Naturally, in this particular setting differently from what implicifly assumed by Baumol, lump sum
transfers could be needed if the firm will not break even when the regulator impose the optimal
tariffs T and T%_ which equate marginal prices to marginal costs.

4 However, as these regimes will coincide only when the shadow cost of public funds A goes to
infinite the Pareto improvements would also be achieved by reducing the access charge and
incre&sing £, till we reach the second best tariffs T*, and T, “corresponding to Py = [1+7~(2—61)/(1+
0)] p'L.
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weight A, since it is costly to get public revenue from taxes, the Baumol-Willig rule will no longer
represent the socially optimal access pricing rule, apart from the case of equally or less efficient
entrants. In fact, the incumbent is no longer able to (partially or totally) expropriate the most efficient
competitor’s profits, by setting a higher access charge. Hence, a departure from the Baumol-Willig
rule, increasing the access charge will be welfare improving and total expropriation will be optimal as
profits will be transferred from the competitor to the incumbent. Consequently, with full information
-while the second best tariff (corresponding to p*y; = [1+A(2-6)/(1+6)] p ) will hold- the socially
optimal access pricing policy turns out to be the one in which the incumbent sets the following unit
access charges:

Py = max{ Ty - mq’y; T - c*qty}
ff = max{T, - mqy; T - c*q* }

so that the incumbent profits are always maximised (when transfers are available).
We may rewrite the previous socially optimal unit access charges as follows, in order to show
the differences with the one prescribed by the Baumol-Willig rule.

'y = Py + max{(T* - T + (c*q*y - mq°y); 0}
', = + max{(T°, - T) + (c*q’y - mq); 0}

Here, the additional terms (T°, - T*) + (c*q*, - mq°) [with t = H, L] simply represent the
additional profits that, under full information, the incumbent public firm can make, taking full
advantage of the efficiency of the entrant when c¢* > m.

The case in which costly public transfers are available and the incumbent's budget is binding (in
absence of entry) and remains binding afterwards (in presence of entry) is not substantially different
from the previous one, apart from the fact that the value assumed by A is in this case endogenously
determined by the maximisation problem and does not reflect the marginal excess burden of public
funds (financed by an optimal tax system).

On the other hand, we may also follow the approach due to Baron and Myerson (1982) which
puts more weight on consumer’s rather than on producer’s surplus, obtaining similar results. As in
the ultra-liberal case, there is no distortion at the bottom; hence, Pareto efficiency will be achieved
when marginal prices equal marginal costs. However, now a lower weight ¢ (less than unity) is given
to the per customer profits of the entrant. Thus, social welfare will increase when the entrant’s
profits are transferred to the public firm (and to consumers through the public budget) and the
Baumol-Willig rule will no longer be a socially optimal access pricing policy in this framework.

Hence, under full information and following the optimal pricing py; = py = c* (with ¢'=0) the
Baumol-Willig rule, that prescribes setting the unit access charges:

% = T% - c*q%y Y =TH - c*q*,

which leave the incumbent's profits unchanged is optimal with equally (or less) efficient competitors.

Yet, analogously to the previous case, the socially optimal access pricing policy will set the unit
access charges as:

Py = % + max{(T% - T%) + (c*q*; - mqy); 0}
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=% + max{(T°_ - T%) + (c*q*,_ - mq,); 0}

However, if we consider a case in which lump sum transfers from or to the public (or private
regulated) incumbent are no longer allowed and the incumbent's budget constraint is not binding
(and/or the entrants profits are directly extracted by the policy maker through lump sum transfers)
the Baumol-Willig rule would be a socially optimal access pricing policy.

It should be noticed how in the previous analysis we have always assumed that there is no
product differentiation and that the public (or private regulated) firm is not operated inefficiently.
However, we have shown how, even within this context, the application of the Baumol-Willig rule
may lead to sub-optimal results following the Laffont and Tirole approach or even adopting the
Baron and Myerson social welfare function.

Nevertheless, the parity principle is fully applicable and the Baumol-Willig pricing rule may be
socially optimal when it is possible to avoid those particular redistributional concerns, which lead to
valuing the entrant's profits lower. This shows that assuming perfect regulation in a full information
framework without any product differentiation issue, the Baumol-Willig rule may be a useful
efficiency reference point (as explicitly claimed by Baumol), even if it does not always represent the
optimal access pricing policy.

6 Some remarks on vertical separation

To examine the problem of vertical separation we need to change assumption (v), focusing on
a specific example of vertical separation; that is, the separation between the production of good 0
and of the intermediate good from the production of good 1. Apart from that, we will maintain the
same assumptions and the basic rules of the game.

(v)’ With vertical separation instead of dealing with a single incumbent we have two new firms. The
tirst, the upstream monopolist, produces only Q° (good 0) and the intermediate good, sustaining the
related costs NC, which depend, as before, on the number of customers to be served (2N) and on the
total quantity of commodities (Q° + Q) which flows through the network. To simplify matters, we
keep on assuming ¢' equal to zero:

NC(22N, Q° + Q) =NC(2N) +¢° Q°

The upstream monopolist will also set an access charge tariffs F* >0 for the second firm, i.e. the
downstream incumbent (as well as for any potential downstream entrant F° >0). The latter, as the
incumbent in the vertical game, is characterised by the previous cost and revenue functions, defined
exactly as in (iii).

The downstream incumbent, like the competitor, will produce a positive amount of good 1 (Q' =
Niq,, + Nyqyp only if his participation constraint PC (with reservation net profits equal to zero, for
simplicity’s sake) is satisfied:

[PC] 7' =R(Q) - c*Q'- F =N T, + Ny Ty c*(Ny g + Ny qg) - FONL, Ny, Q)
6.1 Price discrimination and vertical separation

Allowing for price discrimination and complete information, in the absence of regulation, we
do not need to bother with any incentive compatibility constraints. In fact, in this case the upstream
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incumbent can expropriate the entire gross profits of the downstream incumbent and of the
downstream entrant &' (for j=i,e) simply by setting the two tariffs F = ©' in such a way that gross
profits ¥n = Zn (Q)+F (for j=i,e) are maximised when ¢! is equal to zero, so that the previous
production levels (in the absence of vertical separation) are reached. In practice, the upstream
monopolist will set the previous access price for the entrant, hypothecating from the downstream
incumbent a per customer tariff equal to Ny-c*qy for each high-demand customer and N, -c*q, to
give access to each low-demand customer. The perfectly discriminatory tariffs will be greater than
the gross profits if the downstream producer will not set tariffs and quantities equal to the marginal
price of the upstream monopolist. In this way, the downstream incumbent is prevented from
decreasing the marginal price of the L type increasing his own profits, but reducing the total profits.
The previous results may be summarised in the following proposition.

Proposition §

Under assumptions (i) (ii) (iii) (iv) and (v)’ allowing the upstream monopolist to make use of
any type of access price discrimination (between downstream producers) there is only cream
skimming competition for good 1 and the upstream monopolist is able to reach the same result as
without vertical separation. It is optimal for the upstream incumbent to set the per customer access
charge equal to the downstream firm’s profits and in particular to oblige the downstream incumbent
to maintain the previous monopoly pricing strategy, and the competitor to behave as a surplus taker.

In this way vertical separation does not introduce major changes in the model; the only
difference being the fact that it is now the upstream monopolist who gets the entire profits of the
three firms, as the downstream incumbent and the entrant just break even.

Allowing instead only for non-linear pricing, we will need to satisfy an incentive compatibility
constraint, as we should deal with the two competitors as if we were under an incomplete
information setting. In practice, regulation commonly is minimal, in that it simply forbids
discrimination between different downstream producers of good 1. In order to examine a more
interesting setting we will now consider the introduction of assumption (iv)’ (see appendix) allowing
for endogenous scale of entry of the downstream competitor.

Proposition 6

Under assumptions (i) (ii) (iii) (iv)’ and (v)’ allowing any finite number of customers as the
scale of entry but no discrimination between downstream producers by the upstream monopolist
there is only cream skimming competition for good 1. Furthermore, the upstream monopolist is able
to reach the same result as with complete price discrimination only if it is possible to re-sell access
rights, or the access charge is a function of the consumption bundles of the different customers. In
these cases, as before, the upstream incumbent will set the per customer access charge equal to the
downstream firm’s profits and will oblige the downstream incumbent to maintain the previous
monopoly pricing strategy, and the competitor to behave as a surplus taker. A sketch of the proof of
this proposition is in the appendix.

6.2 The downstream incumbent maximisation problem: a reflection.
It may be interesting to show that the downstream incumbent will not set the monopoly pricing
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when confronted with the following tariff function:

F(N', Ny, Q) = n* for N =N; N\;=N-K and Q=Nq® + (N-K )q",
= Jg° for Ni; =0; Ni,=K and C=K ¢,
= max (7 +&) elsewhere for j =1, e and £>0

Once he chooses the access charge F(N' , NI, Q)= 1™ (because otherwise he will incur losses)
he can do strictly better than break even by modifying his pricing away from monopoly pricing. In
order to deal with this case we may write the downstream incumbent’s maximisation problem in the

presence of entry with the additional quantity and participation constraint [Q™] and [PCY] derived
from the access pricing constraint:

[DL1] max m(Q) = NT; +(N-K )Ty, - p°- c*[Nq, +(N-K)q;]  subject to:
[IR, ] u(g) - T, =0

[Cyl B u(qy) - Ty=0u(qy) - Ty

[Q”] Q=Q=Ng +(N-Kyqy )

[PC] ' =R(Q) - c*Q- 1" = NT; + (N-K)Ty- c*[Nq, + (N-K )gg] - 7

It is easy to notice how, substituting [IR; ] and [IC,] into the objective function, assuming the
other constraints to be automatically satisfied, the problem [DIL.1] becomes exactly the same as the
incumbent’s problem in the absence of the access price issue. But clearly, the quantity produced in
this unconstrained case will be greater, as the marginal price of the L type is always lower, since
N,=N-K and N; =N.

In fact, solving the unconstrained maximisation problem we end up with:

[du]l Py=90u'(dy =[1-(0-1) NyN;Ju'(q;)=c*=p™ No distortion at the top
[ pL=uv(gd)=c*/[1-(®-1)Ny/N;]1<c/(2-8) Distortion at the bottom

Thus, we would be back to the equation [a], previously derived for the basic model, but with
the complication that the downstream incumbent’s choice is constrained by the fact that he cannot
produce a quantity greater than Q™ = Ng®_ +(N- K )q"y and he must serve a number of customers
equal to N, = (N-K) < N and N = N;. Clearly, as p' is strictly less than p™ we have ¢ strictly
greater than ¢”y consequently Q'=Nq\; +(N- K )qy strictly greater than Q™ so that the constraint is
binding. On the other hand, as the downstream incumbent can break even with the monopoly tariff,
his participation constraint [PC'] is automatically satisfied by the solution of the maximisation
problem. Having noted this, the general solution of the maximisation problem [DI.1] becomes
exactly the same as the revenue maximisation problem of the incumbent (for a given Q equal to Q)
in the absence of the access price issue. In fact, from [Q™], since the produced quantity is fixed, so
are all costs and the downstream incumbent maximises profits simply by maximising his revenue
subject to [Q™]:

[DL2] max R(Q) =N T, + (N-K)T; - p®  subject to:
[IR, ] u(g) - T, =0
[ICy] Ty =0 [u(gy - u(g)] - Ty,

[Q™ Q= Q"=Ng=, +(N-K)q"
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Hence, in the presence of vertical separation, equation [4] 8u'(qy)=(2-0)u'(q;) no longer holds
as is shown by the solution of the previous maximisation problem [DI.2]. In particular, from the first
order conditions that characterise an interior solution we obtain the usual optimal relationship
between the two marginal prices:

Pr=0u(@y=[1-®-1) NN 1p, =[1-(O-1) Ny/N;1u'(q})
and between ¢} and g}, with the fixed values N;; = (N-K )< N and N = N;.

Furthermore, the usual ‘no distortion at the top’ condition p'; = c* no longer holds. In fact, as
the production quantity is constrained, the relevant marginal cost for the downstream incumbent

includes a positive shadow price and is greater than c*. Consequently, while the bundle of the high-
demand customers q'y is decreased, the bundle of the low-demand customers ¢, is increased. Hence,
in this case the upstream monopolist can no longer impose the monopoly tariffs on the downstream
incumbent, so that the maximisation solution of the latter creates a tariff distortion which affects (in
the sense of reducing) the profits of the downstream entrant. In practice, the type of tariff previously
proposed collapses, as the surplus taker downstream entrant no longer necessarily breaks even under
the new tariffs fixed by the downstream incumbent.

This poses a major problem for the upstream monopolist, as there is a trade off not only
between rent extraction and efficiency, but also between rent extraction and profit maximisation.

9 Final remarks

The main conclusion that we can derive from this analysis is how pervasive the standard
monopoly result is. In particular, in the absence of access price regulation, we commonly find that
there is no distortion at the top and some distortion at the bottom of the pricing structure. In one
sense this can be seen intuitively as a corollary of the proposition well known (though not universally
true) in vertical integration, namely that a monopolist can take its profit only once. Therefore, the
corollary is that competition at one stage has no beneficial impact. What is interesting is that this
remains true quite broadly, in a model with non-linear access pricing.

An important factor differentiating our vertical game from a game played in the absence of
vertical issues is that there iS a unique strategy of competition for the entrant. In fact, when the
incumbent remains the monopolist of an intermediate good which is consumed both internally and by
any potential competitors, cream skimming turns out to be the only profitable strategy left to a
potential competitor. We have proved how when an equally efficient competitor enters the market of
good 1 it is optimal for the incumbent to set the per customer access charge equal to the monopoly
variable profits, maintaining the previous monopoly pricing strategy, independently of the scale of
entry K. When a more efficient competitor enters the market, however, the incumbent strictly prefers
to have a duopoly rather than a monopoly. He also finds it optimal to oblige the competitor to
behave as a surplus taker.

Another result which we have derived is that the purchasing solution (that is, the one in which
the incumbent buys all the output of the entrant to resell it to the customers) should be preferable to
allowing entry and direct selling for the competitor. In practice, we have shown how this solution
depends only on the indivisibility of the number of customers’ problem, so that it will always appear
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in one way or another. Also allowing the entrant to choose an endogenous scale of entry in reality
just complicates our model, without enriching it with essential economic contents. In fact, if we leave
unchanged all the other assumptions and allow the potential competitor to choose any finite number
of customers as her scale of entry -that is, 0<k<K(<N)- the solution of the game will not change.

Finally, we have shown how the same results derived for a vertically integrated industry still
hold under vertical separation when: a) perfect discrimination between downstream producers is not
forbidden; and/or b) it is possible to resell access rights.

We have provided a framework in which the problem of the direct interactions between access
pricing regulation (including the policies toward price discrimination) and competition could be
analysed. Our analysis has shown the standard approach (that is, modelling competition as simple
bypass) to be an unsatisfactory way of dealing with the problem of competition in a second degree
price discrimination model.

The general conclusion that we can derive is that competition will not obviate the need for
regulation even in a full information setting.'® In a vertical framework, even when there is no product
differentiation and the firm has been efficiently operated the application of a simple parity rule (such
as the Baumol-Willig rule) may lead to suboptimal results. It is then easy to realise that as long as a
competitor needs to use the incumbent’s facility differentially from the reverse process, their

interaction needs to incorporate some regulation (at least to keep it at a fair level), as argued by
Waterson (1994).

® This is true in the absence of access pricing where the general welfare implication is that
competition for low-demand customers or by inefficient entrants should not be allowed (a problem
that does not arise in the presence of vertical issues).
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APPENDIX
In what follows we will first show how it is possible to refine the model of assumptions (i)-(v)
in order to have a single optimal scale of entry chosen by the potential competitor at stage (2) of our
game. Clearly, this first drawback is more apparent than real. In fact, we can easily demonstrate the
following propositions.

Proposition 3

If we leave unchanged all the other assumptions and allow the potential competitor to choose
any finite number of customers as her scale of entry -that is, 0<k<K- in stage (2) the solution of the
game will not change.

Proof of Proposition 3

Entry is still not optimal for a less efficient competitor. In fact, for any possible scale of entry
(given c*<m) the per customer access charge that allows entry is less than the gross profits the
incumbent can obtain from the monopolist tariffs T, and Ty. Thus, the per customer access charge
will be greater than the competitor’s gross profits and consequently entry would not take place.

On the other hand, for a more efficient competitor the entrant has a per customer gross profit
advantage, which is given, and reaches its maximum value if she serves the H type. Hence, for the
incumbent it is optimal not only to have cream skimming, but also to oblige an efficient competitor to
maximise the scale of entry, setting k equal to K. This can be done decreasing (by a small amount €,

very close to zero) the per customer access charge associated with the maximum scale of entry.
Hence, as before we end up with k;=k=K.

Let us now tackle the two drawback jointly showing that if we consider an increasing marginal
cost for the competitor and allow her to choose any finite number of customers as her scale of entry -
that is, O<k<K- at stage (2) of the game, we may have a unique solution of the game, but the
purchasing solution due to the indivisibility of the number of customers will not disappear.

Let us change the initial assumption (iv) considering the specific case of a competitor that is
more efficient than the incumbent only if she keeps himself relatively small; that is, she doesn’t
preempt either of the two types’ markets for good 1.

(iv)’ the competitor can choose any scale of entry 0<k<K in terms of number of customers:

k=K +Ky<N K=1,2,...,N

She must pay an access charge F fixed by the incumbent dependent both on the scale of entry K and
on the total output Q*:

FK;, Ky Q920
Finally, she has an increasing production cost function:

Ck, Q) =m(k) Q°
where m(k) represents a continuously differentiable marginal cost function (with respect to the scale
of entry) that satisfies the following properties: (1) it is increasing with the scale of entry; (2) its
initial value is lower than the incumbent’s marginal cost; (3) it intersects the incumbent’s marginal

cost when the scale of eniry is less than the number of customer of any type.

The competitor will enter the non monopolised good market if the usual participation constraint is
satisfied:

[IR°] Q) =K (T°L - mq°)) + K (T - mq°y) - F(K;, Ky, Q) =0

With assumption (iv)’ we have thus removed the two drawbacks and we can now state the
following proposition, assuming, for simplicity’s sake but with no loss of generality ¢t equal to zero.
Proposition 4

Under assumptions (i), (ii), (iii), (iv)’ and (v) allowing any finite discrete number of customers
as scale of entry there is only cream skimming competition in the market of good 1 (the non
monopolised commodity). It is optimal for the incumbent to allow entry, to set a per customer access
charge equal to the monopoly variable and to maintain the previous monopoly pricing. The
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incumbent also finds it optimal to oblige the competitor to behave as a surplus taker. However, it
would be preferable for the incumbent (and for the maximisation of social welfare) that the
competitor sells all the produced good 1 to the incumbent (reaching only break-even profits), so that
the latter is able to resell it to the consumers, applying the monopoly tariffs.

Proof of Proposition 4

As before, we will only give a sketch of the proof of Proposition 4. Entry is optimal only when
the competitor is more efficient -that is, for low marginal costs m(k) less than c*- being possible for
the incumbent to set the per customer access charge greater than the gross profits he had obtained
from the monopoly tariffs T; and Ty Thus, for any possible scale of entry, it is also in the
incumbent’s interest that the entrant has the greatest per customer gross profit advantage and this
implies cream skimming competition and surplus taking behaviour.

Thus, the incumbent in order to maximise his profits subject to the entrant’s partecipation
constraint will ask her to pay exactly his gross profit and to set K in such a way to maximise her
gross profits K [T°y-m(K)q°y] minus the net surplus K[Ty-c*qy,] that he would have extracted from
the K customers in the absence of competition. In reality, for K as a discrete variable we should
require that the marginal gains connected to an unitary change of K starting from the optimal one K
be greater than the marginal losses.

The optimal internal solution for the entrant in the case in which the variable k could assume all
continuous values would be reached when the losses due to the fact that she is no longer serving an
additional H type customer equal the gains derived by the decrease in the marginal cost m(K) upon
the K residual customers; that is, K m(K )q°y- In practice, m(K) represents just the reduction in
the entrant’s marginal cost due to the decrease in one unit of customer m(K )-m(K -1), and is simply
multiplied for the quantity sold; that is, (K D qy=0Q"

. In any case, if (as it should be) the access charge F is equal to the entrant’s gross profits
K[T%4 - m(K) q°%] the access pricing condition (needed in order to solve the incumbent’s
maximisation problem) is practically the same as [AP] used in [Problem 5], once we set K and m
respectively equal to K and m(K ):

[AP" F(K)= K [T%-m(K) g%l = K6 u(g’y)-(6-1) u(q’) - m(K ) g%

Thus, the incumbent, solving the maximisation problem [Problem 5] will obtain the very same
monopoly first order conditions with respect to q° q; and qy, as derived in the previous analysis. As
before, the competitor will enter in stage 2 knowing she will break even by serving the H type only.
Thus, we can assume that she will enter and do cream skimming. In stage (1) of the game the
incumbent, as already argued, cannot do better than to oblige the competitor to maximise her gross
profits (behaving as a surplus taker) by setting the access charge tariff equal to the entrant’s gross
profits K [T, - m(K) q°yl- As before, the fact that the competitor’s marginal price p° is less than
the incumbent’s one py implies a surplus loss -which amounts to the integral of K [Ou’(q)-u'(qy)] for
q that goes from qy; to q°y- for the incumbent and the society. If the marginal units K (q°y - qy) Were
purchased by the incumbent at their marginal cost m(K ) and then sold as inframarginal units to the
high-demand customers (or even to the low-demand ones) there would be no longer any surplus loss.
We believe that no further comments are needed, as these refinements add more complications than
fundamental economic contents.

Proof of Proposition 6

Given our simplified assumptions about the cost function, we will simply verify that at the end
the downstream incumbent’s and the entrant’s incentive compatibility constraints are satisfied by the
solution of the game. Furthermore, in order to simplify matters and to allow for the comparison of
the two cases with or without vertical separation we will just build up the solution of the incumbent’s
problem obtained in the proof of proposition 4.

In fact, the best that the upstream incumbent can do (following proposition 5) is to set the
access charge tariff F° =F equal to the entrant’s gross profits K [T°H—m(K )q°y] and the per
customer tariff for the downstream incumbent equal to the incumbent’s gross profits T -c*q for each
type of customer. In fact, in this way the total profit of the industry is maximised and fully
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expropriated. This is possible in two special settings:

1) when it is possible for a downstream producer to resell access rights;

2) the general access charge tariff FONi, Ny, ¢, ;) depends in a separate way upon the
consumption bundles (¢}, ¢'y) of the two customers’ types and not just on the aggregate
consumption Q.

In what follows we will examine the two cases in a separate way. Let us start from the first
one. Here the upstream monopolist can exploit one of the downstream producers in order to impose
total price discrimination. In fact, denoting by 7' the downstream producer’s gross profits (as before)
he can simply set the following tariff function:

F(N, Ny, Q) =max Zn'  for N/, =N; Ni=N- K and Q=Ng; + (N-K )+ K @
=max (7' +¢€) elsewhere for j =1, e and £>0

Clearly, then no downstream producers can break even if he (or she) picks up separately his (or
her) own offer. The downstream incumbent can break even only if he buys the access for N; =N and
Nu=N-K customers and produces the monopoly bundles q; and qy, and finally the downstream
entrant breaks even only if she buys the access for N,=K and behaves as a surplus taker.

Let us turn now to case (2) where we have a general access charge tadiff F(n, ny, ¢, ¢y)
function of the consumption bundles in a separate way.

In this case the upstream monopolist will adopt the following tariff function:

F(N', Niy, ¢, ¢y = 7om for N} =N, NJH =N- K > P = g™, Gy =q7y
=Tx° fOINjL=O, N]H=K’ qu=qu
=max (7 + €) elsewhere, forj=1i,e ande>0

Clearly then each one of the two downstream producers can break even if he (or she) picks up
his (or her) own offer; while the incumbent can break even only if he buys the access for N; = N and
Ny =N - K customers and produces the monopoly bundles q™; and g™y , finally the downstream
entrant breaks even only if she buys the access for Ny = K customers and behaves as a surplus-
taker.
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