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Abstract

This paper analyzes some of the problems that arise when pricing access 1o
network and the size of the network are considered as variables simultaneously
determined by the network operator. The resolution of the model shows several
possible outcomes in this setting. However none of them is satisfactory from the
point of view of competition in the final service market nor in terms of the
development of the network. In the case of an efficient monopolist, the capacity
choice gives a relatively large network size, but the impact of entry is quite limited
as prices for the final services remain high. On the other hand, less efficient
mcumbents, will restrain the growth of the network and competition will not be very
active either. More importantly, the access price will be quite high and this will
discourage entry and the development of markets for new services. Our findings

provide some theoretical background for the existing empirical evidence.



1. Introduction.

There is a generalized consensus nowadays that the provision of telecommunica-
tions services should take place under competitive conditions. Throughout the
world, liberalization processes have ended up with the traditional monopolies
Public Telecom Operators (PTOs) which have been providing telecommunica-
tions services for decades.

‘The liberalization of telecommunications has sparked a good deal of theoreti-
cal work to study competition conditions in markets of final services when there
is a common network provided by one network operator and other suppliers of
services have to interconnect and use the same network in order to provide the
final service. The most significant body of that literature considers the problem of
pricing access to the network for competitors or the leasing of lines by the network
operator. In the case of liberalized infrastructures, the problem arises when differ-
ent operators have to interconnect their networks, offering interoperable networks
to other companies user them to provide final services.

That strand of the literature has produced interesting pieces of work with
practical implications for the industry such as Baumol and Sidak (1994), Lafont
and Tirole (1995) among others.

However, most of this work has not taken into account the impact of access
pricing -and other problems that appear when one firm supplies an intermediate
input to its competitors downstream-, on the development of the network. The
large majority of these theoretical models are essentially static and do not look
into the implications of access pricing or interconnection of networks on some dy-

namic issies such as investment and the rate of growth of the network capacity



available for competition in the provision of final services. These dynamic issues
are very impaortant as determinants of competition in the supply of telecommuni-
cation services. Entry will largely depend on the capacity available and its price.
Other questions such as the level of investments carried ont by network oper-
ators to maintain the networks operational or the quality of the infrastructure
made available to competing service providers are also important determinants of
competition conditions in practice.

Furthemore, decisions on pricing access to networks are not independent from
the decisions to carry out the necessary investments to increase the capacity avail-
able fo competing service providers. Firms’ decisions on how to price access to
the networks and on network capacity are interdependent. When firms fix access
prices, they are indirectly determining the degree of entry by downstream com-
petitors, and therefore, the capacity demanded. On the other hand, when they
decide the capacity made available to other service providers, they are determin-
ing the maximum outpuf level of final services downstream and therefore, the
prices of those services, indirectly, that are linked how much will competitors be
willing to pay for access to the network.

From the point of view of competition, the issue of capacity availability is as
important as the problem of access prices or the existence of non-discriminatory
access. If network operators are not ready to carry out the necessary investments
to make sufficient capacity available to other service providers, in quantitative
terms, there will not be effective competition in the market place.

This paper analyzes some of the problems that arise when pricing access to
networks and the size of the network are considered as variables simultaneously

determined by the network operator. The recent literature on access pricing



relies on the idea that incumbent network operator will use access price as a
strategic variable to influence competition conditions in the downstream market
for final telecommunications services. High access tariffs could deter entry by
new competitors. Cross subsidies could help to keep them at bay by lowering the
prices of services open to competition to deter entry.

However, this presumed behaviour of traditional operators and network owners
is based on the assumption that capacity for new entrants is not a strategic variable
for the operator. Little is known about how the optimal strategies open to network
operators when they decide at the same time about access prices and the total
capacity made available to competitors for instance. In that setting, an alternative
strategy to keep potential entrants from becoming effective competitors might be
limitly the size of the network to leave them no room to compete. Moreover, we
do not know much about the behaviour of the entrants, which is also essential
to learn about the performance of the industry. Will they accomodate to the
conditions established by the incumbent? Or, will they undereut the incumbent
in order to gain market share?

All these questions are extremely important to learn what can be expected
in terms of performance in the markets for liberalized services and to better re-
regulate those markets. But that is not all. If the behaviour of the network owner
and the operator leads to a poor performance in terms of entry and competitive
prices in the market for telecommunications services and in terms of the rate of
growth of the network -and therefore, the development of the information society-,
one could also question the economic rationality of the monopolistic condition of
the network operator. If the existence of a single network owner and operator

hinders the overall performance of the sector, one would have to question the



persistence of a natural monopoly in the telecommunications infrastructure. The
social advantages of having just one network would have to be compared with and
might offset the social cost derived from the poor market performance resulting
from the strategic behaviour of the network owner. If the net effect is negative
in terms of social welfare, this might justify the existence of network duplication,
which would foster entry and the development of the information society. In that
case, the case for natural monopoly in telecommunications infrastructure would be
questionable and the liberalization of network infrastrueture would be justifiable
on economic grounds,

In the following sections we explore these issues. Firstly, we look at the em-
pirical evidence from the European Union and OECD countries. Given that the
deregulation of telecommunications services has gone ahead of the liberalization
of telecommunications infrastructure we can see how access prices and network
expansion have evolved when the network operator has faced competition in the
markets for services. Secondly, we set up a game theoretical model that sheds
light into the strategic choices open to network operators who have to face com-
petition downstream and decide on access prices and capacity constraints at the
same time.

In our model a firm enters a network industry where the incumbent can choose
both the access price for the services provided to the new entrant and the capacity
of the network. The price of a final service downstream is supplied in competition
with a new entrant,

"The incumbent network monopolist acts as a leader, accommodating for the
entry of the new competitor in order to maximize his own profits if he cannot

avoid entry. For simplicity, it is assumed that the network owner and the entrant



produces just one single final service.

The outcome of this setting is not a trivial question. Given that the monopolist
has two choice variables, a priori, it is not evident whether he will raise the access
price, limit the capacity available to the entrant, or both. Furthermore, the
question becomes more interesting if we consider a key element underlined in the
OECD study: the relative efficiency of the incumbent and the entrant.

This paper uses the Bertrand-Edgeworth model of price competition to ex-
amine the role of access-pricing decisions in deciding capacity precommitments
that in turn are used to influence competition in the final service market.We al-
low firms to have different unit costs of production up to capacity. This enables
us to examine the role of differential efficiency in determining the nature of pre-
commitment, and to characterize the equilibrinm for arbitrary costs of capacity
and fixed set-up costs. The distinction between the cost of capacity and the cost
of production up to capacity is erucial to the understanding of a wide range of
economic phenomena.’

The resolution of the model shows several possible outcomes in this setting,
However, none of them is satisfactory from the point of view of competition in the
final service market nor in terms of the development of the network. In the case
of an efficient monopolist, the capacity choice gives a relatively large network size,
but the impact of entry is quite limited as prices for the final services remain high.

In fact, this type of solution implies a high capacity for the incumbent monopolist

'The closest literature to our work is the one dealing with entry deterrence, from the limit
pricing model of Bain (1956), Sylos Labini {1969), and Modigliani (1958), to the more re-
cent analysis of Kreps and Scheinkman (1983), Davidson and Deneckere (1986), Deneckere and
Kovenock (1989b) and Allen et al. {1995). Our paper shares with the four last analysis the

assumption regarding competition in the post-entry game.



and a much smaller capacity for the entrant. Neither firm will operate close to full
capacity and the incumbent may provide a stochastic price umbrella under which
the entrant can price. This outcome resembles the ”Jude” solution of Gelman
and Salop (1983). To implement this solution the monopolist may cross-subsidize
by charging an internal price for the usage of capacity below marginal cost.

On the other hand, if the incumbent is a less efficient firm, it will restrain
the growth of the network and competition will not be very active either. More
importantly, the access price will be quite high and this will discourage entry and
the development of markets for new services. This solution allows the monopo-
list to remain as provider of final services despite entry and competition in that
market. However, this will be a relatively passive type of competition and prices
will yemain relatively high. With this strategy even a very inefficient monopolist
remains active in the final service market. In that case, its capacity and output
will be quite small, but the entrant will not be able to price him out of the market.

The next section looks at the empirical evidence for the European Union and
OECD countries. It indicates that monopoly PTO’s maintain high prices and
limited availability of network capacity. In the remaining of the paper we present
a theoretical model that tries to explain the empirical findings. Some conclusions

follow.

2. The recent experience after the deregulation of telecom-

munications services.

'The Buropean experience in the process of liberalization is quite illustrative of

the response by the traditional monopolistic PTOs to the new competitive envi-



ronment the provision in services when infrastructures remain under the control
of a simple operator.

After the progressive liberalization of different telecommunications services, it
was considered that competition in the newly liberalized markets could be ensured
by the joint application of standard competition rules and the so-called ” Open
Network Provision” directives. The Open Network Provision directives of the EC
were introduced in 1992, before the review of the liberalization of telecommuni-
cations. Those directives did not question the monopolistic provision of infras-
tructures. They established that the network operator should facilitate access to
competing service providers under non-discriminatory conditions. For instance,
directive 92/44 /EEC requires that leased lines be offered on a cost-oriented basis.
The "natural monopoly” arguments for the minimization of the social costs for the
provision o telecommunications infrastructure were not challenged at that time.
It was assumed that the opening of services to competition could be ensured by
the application of the ONP directives and an effective enfforcement of Directive
90/388/EC for the application of competition to the telecommunications markets.

From a legal and economic perspective, this was considered an optimal solu-
tion. On one hand, a single network to be shared by all service providers would
ensure a minimum social cost and avoid ” wasteful duplications of infrastructure”.
On the other hand, competition rules could asure that prices of final services to
consumers would be kept down. ONP directives and the application of article 86
of the Treaty would take care of market conditions in the intermediate market
for leased lines. Basically, it was considered that as long as there were no dis-
criminatory access conditions and access prices were not abusive, overall market

performance would be satisfactory.



With some local differences, the logic of this market arrangements was based
on the anglosaxon legal doctrine of "essential facilities” and its economic coun-
terpart, Third Party Access. A development of Antitrust practice, the essential
facilities doctrine has been at the origin of a common approach in the regula-
tion of different public utilities such as gas, telecommunications, electricity and
railways, where free and non-discriminatory access to networks was essential to
ensure competition,

However, the logic of TPA and ONP underestimates, in onr opinion, the poten-
tial impact of the strategic behaviour of the network operator. Recent empirical
evidence from the EU and the OECD tends to support our point of view.

In the Green Paper for the liberalization of telecommunications infrastructure,
the Commision published data about the conditions prevailing in the markets for
telecommunications leased lines in European countries. Table 1 below reproduces
data from the first part of the Green Book showing how rental prices for leased
lines diverged considerably between BEurope and the USA in a ten to one pro-
portion. Within the EU, prices of leased lines were significantly higher in those
countries with liberalized infrastructure like the UK and those maintaining a

monopoly in that industry segment.
[Insert  table 1 here]

But the performance of monopolized networks did not differ just in terms of
access prices. OUne of the main argument presented by the Commision for the lib-
eralization of infrastructure was the lack of availability of the basic infrastructure
over which liberalized services are operated to third parties. High prices and lim-

ited availability of network capacity were considered responsible for the delays in



”the widespread development of high speed corporate networks in Europe, remote
accessing of databases by both business and residential users and the development
of innovative services (such as telebanking, distance learning,etc..)”.

These views had already been expressed in the report on ”Europe and the
global Information Society”. A high level group chaired by Commissioner Bange-
mann recommended to ”accelerate the on-going process of libaralization of the
telecoms sector by opening-up to competition infrastructure and services still in
the monopoly ares; removing non-commercial political burdens and budgetary
constraints on ftelecommunications operators, and setting clear timetables and
deadlines for the implementation of practical measures to achieve those goals”.

Further empirical evidence about the unsatisfactory performance of monop-
olized telecommunications infrastructure markets has been recently provided by
the OECD. Taking the market for the provision of Internet services, the QECD
working party on telecommunications and information services policies has been
able to provide evidence on the market performance in OECD countries. This
interesting study shows that the average price for leased line access to the In-
ternet in countries with monopoly telecommunications infrastructure provision is
44% more expensive than in countries with competitive provision of infrastruc-
ture. These conditions in the intermediate service market are reflected in the
prices for final services. On average, Internet Access Provider’s prices for dial-up
services are nearly three times less expensive in countries with telecommunica-
tions infrastructure competition than those with monopoly markets. For a basket
of 30 hours per month of dialup Internet access (i.e. public switched telecom-
munication networks plus Internet Provider charges) seven of the eight countries

with infrastructure competition are below the OECD average while 12 of the 17
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countries without infrastructure competition are above the OECD average.

[[nsert  table 2 here]

The OECD study gives also interesting information related to another aspect
of the performance of the market for access to networks. They indicate that
there is a danger that monopoly PTOs, by maintaining high underlying charges
for capacity, could restrict the growth of dial-up and leased line Internet access
services until they are ready to enter the market or because they view some new

Internet services as threats to traditional sources of revenue.

3. The theoretical model.

Consider two firms, an incumbent monopolist (firm 1), which produces two goods
z and y, and an entrant (firm 2), which produces good y. Firms compete in prices
p: (i = 1,2), in the market for (the homogeneous) good y, and face capacity
constraints ky and ko vespectively.

Each firm may prodice up to capacity &; at the unit cost of ¢;. Thus, if firm
i's sales at the price-setting stage are ¢; < ks, its variable cost of production is
equal to

i(q:) = e for ¢; < ks, 1=1,2
Output greater than a firm’s capacity is assume to be infinitely costly.

In order to get closed form solutions for the equilibrium in the price-setting

subgames, we assume that aggregate market demand is linear.
Let ) = d(P) = Maxz(l ~ p,0)

or
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p=Plg + @) = Maz(l — ¢ — g2,0)

Because capacity constraint limit the amount of output that can be supplied,
firms may have to ration customers at the prices they select. Following Kreps
and Scheinkman (1983), we assume that demand is rationed efficiently: if P, <
P;, then firm i sells min(k;,d(F;)) and firm j faces a residual demand equal to
max(0,d(F;) — k;). When firms set identical prices, we assume that all demand
first flows to the low-cost firm and that the high-cost firm serves any residual
demand. To break ties when ¢; = ¢y we arbitrarely let firm 1 sell its capacity
first.

Capacity levels are not exogenous, but firms choose them before price compe-~
tition. To build up any capacity level, the entrant has to incur in both a lump-sum
fixed set-up cost, that can be avoided only if zero capacity is installed, and a con-
stant per unit cost of capacity. The capacity cost for the incumbent monopolist
are, however, different.

'The incumbent produces two goods ( 2,y ). To produce z it needs to incur
the fixed set-up costs Fy. However, once Fy has been spent, to produce Yy, only

needs the variable cost r1. Let py(k1) be the cost of capacity k, for firm 1, then

.
‘7'1/{11 if k’l >0

pr(k) = S

We assume that the fixed set-up costs needed for the entrant to build up
any capacity per good y are so big that it is not profitable for him to install any

capacity, so that if he wants to produce good y he has to buy the capacity’ services
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from the monopolist and to pay an access price for it2, Hence, the incumbent is
the only firm which may build up the industry capacity and may sell part of it to
the entrant at some access price (Fy, ry) , where 7y is the variable cost.

We also assume that the incumbent is constrained by the Regulatory Agency,
so that it cannot refuse to sell capacity to the entrant. Since the incumbent has to
decide the industry capacity in advance, we assume that the choice of capacities
is sequential, and hence, the entrant is a capacity follower. In this context, the
problem of the incumbent is to choose both an access price and an industry
capacity, such that it can get its most preferred outcome in the price game.

We model our problem as a three stage game:

1. In the first stage, the incumbent chooses both a price for the entrant
capacity, a pair (Fy,7y), and a capacity kf, knowing that the entrant is a capacity
follower. Notice that to choose ki and to sell &} to firm 2, is similar to choose a
k* ==k} + k3(k7) for the industry.

2. In the second stage, the entrant, having observed the incumbent capacity
level and knowing the access price, chooses k3.

3. Finally, in the third stage, both firms compete in prices.

We assume that the monopolist is able to build up any k* = kj + k3(k?}).

We will characterize, next, the equilibria in the market competition. In the
analysis that follows we rule out strategies in which firms price below their unit

cost of production®

2Think of connection to the monopolist’s network infrastructure.

Finishing our work we got to know of the work of Allen et al. (1995} that deals with

sequential capacity cholce and entry deterrence. We have unified our notation with theirs.
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4. The Price-Setting Subgames (third stage)

The equilibria (in prices) for the final product market is characterized by three
regions of capacity with qualitatively distinct simultaneous-move equilibrium.
Recall that Q) = d(P) = Max(1 — p,0) or
p= Pl + @) = Max(l — ¢ ~ ¢5,0)
and that ¢; < k;, i = 1,2, and demand is rationed efficiently.
If F; < Py, i sells min{k;, d(F;)) and the residual demand of § is max(0, d(P;)—

Profits are then, given the constant marginal cost ¢; , 4 = 1, 2.

Li(B) = (P — ¢;) min(k;, d(P)) if P, < P,

(P Dilhe, by) = § TP = (B — &) min(ks, max(0,d(P,) — Iik;) if P = P,

Hi(Py) = (B ~ ¢;) min(k;, max(0, d(F;) — k) if B > B

where I} =1if ¢; > ¢j,or ¢y = ¢y, 1 =2
=0ifc;<¢j,0or ey =0y,0 =1
Let P(q) = max{0,1 - q} be the inverse demand function and let
Qi(ks) = Arg max {[p(q + k;) — cilg}
=max{0, }(1 — k; — )}
be the best-response function corresponding to the cost function ¢;q.

We derive next the Nash equilibria in the price-setting subgame?®.

4For a more complete treatment see Deneckere and Kovenock (1989a,b), and Allen et al.
(1995), which show that, except in cases where the high-cost firm makes zero profits, equilibrium

strategies are uniquely determined.

14



To describe equilibrium profits note that, for some ranges of costs and quan-
bities, equilibrium exists in pure strategies, while in other regions, equilibrium
requires non-degenerate mixed strategies.

It is easy to prove the following results.

Lemma 1. In a pure strategy equilibrium, Py = Py = (1 — ky — ky). Firms sell
up to capacity and,

Lemma 2. In a pure strategy equlibrium, firm i never charges less than P =
(1 — Qilk;) — k;) in the capacity constrained price-game. That is, there is no
point charging a (low) price that leads to the firms to produce beyond the optimal

reaction to the other firm’s capacity (if it can do so).

From lemmata 1 and 2 we conclude that a pure-strategy equilibrium exists
only if, for all 4, k; < Q5(k;).
Profits are then: ITf(ky, ky| 1, c9) = (1 =k~ ke — )by, i = 1,2

Let us call A, the region of pure-strategy equilibrium
(Insert Figure 1)

Above either reaction curve, the enly possible equilibrium is a "mixed-strategy”
one.

A mixed strategy for firm i is a cumulative distribution of prices F;(P) for
P e [Bz:ﬁz]

We state without proof the following result.

Lemma 3. In the mixed strategy region (k; > Q¢ (k;), for at least some firm i),

each firm can always guarantee to itself its minimax profits, and if the firm is
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not capacity constrained it can always guarantee to itself its ”Stackelberg follower

profit”:

*

I = QF (k) [P ks + QF (k5)) — ei] = QF (k) (1 — ky — QF (k) — 4]

Let us call B, the region of mixed-strategy equilibrium.

Let

H? () = Min [Li%l‘ik] {Marz: {lfw%ii:L e kj,ci} - ci}

be the minimax profit of 4, and let

P, =min{P: L;(P) = H}

The interpretation of the above analysis is as follows: Suppose first that the
firrns have the same production costs. First, if both firms have enough capacity to
serve the entire market, then the (common) equilibrium price (in pure strategies)
is equal to the (common) marginal cost and we obtain the standard Bertrand
result (region C). Second, consider the region below both irms’ Cournot reaction
functions. Over this region (region A) quantity competition and price competition
coincide since each firm can sell at full capacity, and the equilibrium price (in pure
strategies) is such that it clears up the industry capacity, i.e.. Py(k;) = Po(ksy) =
P(ky + k3). Finally, we have region B, of the Edgeworth-cycle, where no pure-
strategy equlibrium in price exists. Our assumptions on demand nevertheless
guarantee the existence of a unique mixed strategy equilibrium in which firms
randomize over s common interval. The upper endpoint of this interval must be
PH the monopoly price of the residual demand curve of the large firm, say 4. To
see this, note that one of the firms must be undercut with certainty at the upper
endpoint of the support, so that it has to be one of the P/'s. If ky = ky, then

P = P and we are done. So suppose that ky > ky, and let P; = min{F; :
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Li(P;) = 0} = H,(PF)}, t.e. P, is the unique price at which firm i is indifferent
between being the low-priced firm and being the high-priced firm at P, earning
the best profit knowing that it will be undercut. Observe that no firm would
ever price below its P, since setting F¥ would yield profits of at least H, and
H} = Li(E;) > Ly(P) for P < P;. Also, Py < P, for ky > ks, so that by pricing at
£ the small firm can guarantee itself a profit of L, (P1) > La(Ps) = Hj. Hence
it must be that the large firm is undercut with certainty at the upperbound. The
lower endpoint of the support is found by equating firm 1's profits across the
support. Since firm 1’s equilibrium profits are equal to H}, this yields a lower end
point of .8

When differences in unit costs of production np to capacity are incorporated
we obtain the same three regions of capacity as above, Note however, that region
C (the Bertrand region) will lie in either the north-east region of the quadrant (if
€1 > €2), or in the south-east of it (if ¢y > ¢1), and that in this region the high cost
firm is driven out of the market. When capacities lie in the region below the two
Cowrnot best response functions (region A), the simultaneous-move game yield a

pure strategy equilibria with P = P, = P(ky+kj). In the remaining region (region

®As noted by Deneckere and Kavenock (1992}, firms would have charge only two prices in
equilibrium in a leader-follower setting, instead of a simultaneous-move one: F; or P Suppose
ki > kg. If firm 1 is a leader it sets P and firm 2 matches that price (and sells its capacity).
If firm 2 is a leader, it sets 2; and firm 1 follows with P, In region B, we have that PE > p,
and so firm 2 sets a strictly lower price as a leader than as a follower. The model then predicts
that when 1, the large firm, is a leader it provides a price-umbrella for the small firm, allowing
it to undercut (or match) and sell all of its capacity. The small firm, on the other hand, acts
aggresively as a leader, by setting a low enough price to discourage undereutting or matching

by the larger firm.
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B), the simultaneons move yields a unique equilibrium in non-degenerate mixed
strategies. However, there exists a continuous function K; == 0{K;) partitioning
region B into areas where Py > Py and Py > Py, with common boundary P; =
Fo. Also these areas can be subdivided into subareas where at most one firm is
capacity constrained.

Under our assumptions it can be proved that B can be partitioned first into
2 connected subregions in which P, > P, and P, > P, with comman boundary,
ki >0, ky > 0, for which P, = P, and it is denoted by 0y(k;) (if ¢; < ¢y, or by
Oi(ke) if 1 > 9 )°

Next, if k1 2> d(cy) = 1—¢, then by the definition of Py, P, = ¢y, and Py =P,

implies that since &y > d(cy), then

so that

2=

- 21 - ) = )]

ky = (e, e0) = 1 —¢; — 2[(1 = ea)cp — ¢y)]? (straight line)
Capacity pairs (ky, k) with

f{.'1 2 d((.’g)

are in region B

ko < (,0((.31 ; (,32)
Capacity pairs (k;, ko) with

ky > d(es)

are in the clasical Bertrand region = region C

ko 2> (eq, ¢5)

SFor a more technical treatment see Allen et al. (1995}).
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Here equilibrium requires that the low-cost firm prices the high-cost firm out
of the market.
Finally, the curves k; = U;(k;) are the loci of points (ky, k) for which firm ¢
is exactly capacity constrained when it charges P, i.e., d(P,) = k..
Using these curves, we may further subdivide region B into four different
regions:
Region Bi:
ky > d(L,) (2 does not have capacity constrained)
ky < d{Py) (1 is capacity constrained)
and P, > P, hence
115 = (By — c2)d(Ly) = Hy(Ey) = H3"
I = Ly (L) = (£y ~ 1)k
Region B,:
ky < d(L2)
b < d(2,)
both firms are capacity constrained
and Py > P, hence
I = (£ — e2)ky
IO} = (£ — 1)k
Region Bs:
ky < d(Ly)
ky < d(Py)
and £, > P,, hence
I = (£ — ca)ks
3 = (B — ek
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Region By:

ka < d(£,)

ki > d(P;)

(Firm 1 is not capacity constrained)

and P, > P,, hence

I3 = (£25 — o)k = Lo(£y)

I} = () — e1)d(Py) = Hi(2y) = Hy"

We may summarize the behavior outside the pure strategy region A as follows:
when £y > P,, firm 1 prices passively by providing a stochastic price umbrella
for firm 2. When ¢ = ¢y, the inequality P; > P, holds if and only if ky > kg s0
that large firms price passively and small firms price aggresively. When ¢; > ¢,
the region where ) > P, strictly includes the region where k; > ky;when ¢; < ¢,
the opposite is true. Thus, high costs induce more passive pricing behavior.

The Nash equilibrium profits are as follows:

* In region A :

I = (1 — Ky = ko — ¢k, 1=21,2

* In region By:

I = ky {[1—*;2} — Mk (2(1 — e2) — k)2 — cl} and

s = [(14:1%21]2

2
* In region By:

, 2
I = 8 [ iy — ), 0= 1,2
* In region By:

H*mﬁ[mr%—ki(cl“cz): 1=1,2

* k1 2
* In region By:
. 1—ka—e1)]2
5 - k)

2
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0 = ko {[B52] — 4ka(2(1 — &) = k)] ~ c2

* In region C:

ITf = max{0, [min(max (%, 1 — k), ¢;) — ¢]}-

[1 — min(max(X%,1 - k;),¢;)], =12 j#i.
Graphically it would be

Insert Figures 2, 3 and 4

5. Second stage of the game:

Capacity-Best Response function of the entrant.

In the second stage of the game, the entrant, having observed the capacity
choice of the incumbent and knowing the access price for capacity, he chooses to
buy that level of capacity that maximizes its profits in the market competition.
Hence, we derive next the follower’s best response. Observe that the meaning of
this best response is different from the standard quantity best-response function
in the Cournot and Stackelberg models. In quantity-setting models a quantity
placed on the market is a commitment to drive price down to the level that clears
all quantity from the market. However, in our model of sequential choice followed
by simultaneous price-setting, capacity is not a commitment to drive price down
to the capacity clearing level.

This means that, for instance, when firms’ costs are not too different and for
capacities outside the region of pure strategies (region A), the larger firm acts
relatively passively in pricing. Thus, the follower has an incentive to set a ca-
pacity above the quantity best-response function when the leader’s capacity is

sufficiently large. Also, very efficient firms (compared to rivals) will act more ag-
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gressively in setting capacity than they would in quantity-setting models. Hence,
efficient followers need not take their rival’s capacity as a commitment to sell,
and instead they may decide to increase their own capacity to accommodate all
the demand at their rival’s unit cost of production. The potential for this type of
aggressive response has an important effect on the behavior of a leader with high
unit production costs.

From the equilibrium profits of the price-setting subgames we calculate the
optimal capacity choices of the follower.

Let

R(k1) = R{ky;re) = arg max o (ks, ko | 01, 02,79, Fy)

= arg max {Iy (k1 ko | 1, 09) — palks)},

be the follower’s capacity best-response function, where py (kg) = roky -+ Fy,
and

Ro(k1) = R(ky;ry) = arg max y(ky, by | €1, 02,79,0)

= arg max Tk, by | 1, 00) — roky}

Note that:

Ro(ky) if by < k™
R(kq) ==
Gifky > k™

where

k™ (e, ca, e, Fo) = max{ky My(ky, R2(ky) | e1,00,79,0) > Fy}

We derive, without proof the best-vesponse R?(k1) of the entrant. This best
response will depend on the access price ry. We will show next, that for high
enough access prices, the entrant will never select, for any kq, a "big” capacity

level, independently of firms’ efficiencies. However, for low enough access prices,
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the entrant’s relative efficiency is important. Thus, if the follower is a quite

efficient firm it could act very aggressively and select big capacity levels.

Lemma 4. Suppose that

1—2¢ :
re > mm;z_—i—ﬁ , then R°(ky) = Q% (k1) where

! 1
;2(k]) = ma}{{O, 5(1 - flﬁ] — g — 7'2)}

Graphically,
Insert Figure 5

Hence if ry > 122219 then R°(ky) is in region A.

‘The access price is so high that it is never optimal for firm 2 to select a capacity
ky such that (ky, k) lies outside of region A, even if this firm is cost advantaged.
Since all (ky, k) in region A lead to price-setfing equilibria in which prices clear
all the capacity from the market, R°(k;) coincides with Q% (k) .

Next, for lower access prices, i.e. if ry < U_—_%%zml’ then, (J5*(ky) lies in A, B
and By. In particular, note that when k) = QF(0) = 152, QR(QF) > 0, i.e., it
Hes in B,

R°(ky) coincides with QF (ki) for by < kY, k{'(c, 7o) where k{ = 1=2eatair
(the Cournot equilibrium), and for ky > k§(c,79), R°(k;) lies enterely above
Q72 (k1} , in By and By.

Note that in region By, II} is independent of ky, so that let us define as
Jo(Cy, c9,19) = arg max {II5(B4)}, so that J, provides firm 2 with the highest
profit attainable in B,.

Now, we look for the ky that separates 2’s optimal response to be in By or in

B4:
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Define k7 (cy, ¢p, 1) = inf{k; :{kzz(kmhi%em} Ho(k1, ka) < 1g(By, o)}

Then, for ky < k7, firm 2’s optimal response lies in By and for ki > k' firm
2’s optimal response is in By.

Finally, 2 could go to the Bertrand region (region C), by pricing P, = ¢1, and
getting Iy = (1~ ¢1)- (61 —ep — o) = d{c1){c1 — ¢y —1g). If €5 > ¢; it is impossible,

but for ey < ¢1, it could be the case.

Define g(c1,m3) = 1 — min{eg : Ta(k7, Jy, 1, ) > d(e1)(¢q — 3 — 19}, then

Lemma 5. Suppose ry < Q‘—z‘im, and ¢y > ¢y — g(c1,¢2). Then the capacity
best response function is given by

QP (k) if 0<ky <kP(er,m)

—ep)={(1=27)%~12k) (1 —c9 —r % : ¥
{2(1 1)-{(1-ey) 312’»1(1 ey -1a)] } Ifkgl(ch'f'z) <k <k’

R (k1)

{ Joley, co, 1) if k> k

Note that the middle branch of R°(k;) lies in region By. If ¢, < ¢y + 79,
£?(k1) has a negative slope over this range, while if ¢; > ¢5 + 79, it has a positive
slope. Either way, R°(k;) jumps down when ky = k'{c;, ¢y, 7). At ky = k7, firm
2’s maximun profits from responding with a capacity that leaves firm 1 capacity
constrained at [; equals its profits from setting ko = Jp, a capacity sufficiently

small that firm 1 is not capacity constrained at P,. For ky > k7 firm 2 responds

optimally by selecting its judo capacity J,.
(Insert Figure 6 and7)

Next, suppose that c; < ¢y — g(c1,73). In other words the follower has a big

cost, advantage and 7y is low enough. In this case the follower's best response
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may include to go to the Bertrand region, i.e. to throw the incumbent out of the
market.

Define k%(c1,¢9,72) = inf{ks : d(ei){c1 — cp — 73) > max a(ky, ko) ks -
(k1,ks) € AU B3 U By}

Then,

Lemma 6. Suppose 7y < 5-]—"—252?"&1, and ¢y < ¢ — g(eq,rq), then
CQ;Z(A,}) if llu] & [O,mln(k](‘(Cl,?g),kB)]

! {2(1”“)"'(1_6’)231%(”*62””)'%} if ky € (min(k{ (cq,r9), k), kF)
Ro(ky)

dlcy) it ky > k"

Note that k” may be greater than or less k¢ (ey, 7)) : that is the jump in R°(ky)
may occul in region A or region Bg.

Graphically

(Insert Figure 8 and 9)

As noted earlier, a fixed set-up cost alters the capacity best-response function
of the entrant only when it causes his profits to be non-positive. The follower opts
for staying out of the market whenever the leader’s capacity exceeds some critical
capacity level £, whose value depends on which of the conditions of Propositions
1-3 hold. In the Appendix we show the corresponding results when fixed set-up

cost are included.
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6. Equilibria for the full game.

In the first stage the leader chooses both its capacity k1, knowing that the entrant
1s capacity follower, and the access price that the entrant has to pay for the
capacity that he buys. Alternatively we may consider that the leader chooses the
total capacity of the industry, k* = ky+ R(k), and sells out R(ky) to the follower.

Hence, the leader has to choose a triple (ky, ry, F3) such that he maximixizes

i (ke, R(ky) | 1, c0,7,m) =

== I (ky, R{k1); 01, 00) — rilkn + R(ky)) + moBR(ky ) + .

Notice that if »9 and F, are chosen such that the entrant is left with zero
profits, the above expression is equivalent to

M;?:v {15 (ky, B(k1); 1, 00) + I (ky, R(ky); ¢r, 00) — vy (g, B{kq))}

Since R(k;) depends on 7, , the optimal action of the incumbent will be k} =
k1(r1,79, ¢1,c2). Notice that kf, or k* = ki + R(k?), may belong to the region
of pure strategies, region A, or to the region of non-degenarate mixed strategies,
depending on the relative values of the parameters 7, ¢y, and ¢y and on the choice
variable 7.

Entry is accommodated if k1 is such that the optimal response of the follower is
to choose R(ky) > 0. Entry is blockaded if ky = Q7(0) is such that &£(Q}(0)) == 0.
Entry is deterred if &y > Q7(0) so that R(k;) = 0.

Given that I and 7y are also chosen by the leader and such that entry deter-
rence and blockaded entry are not permitted, we focus on the entry accommoda-
tion issue.

Making abstraction of Fy, or assuming first that Fj is small enough, we obtain

the leader best ky as a function of r5 , ¢; and ¢,.
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Proposition 1. If r, > ﬂi?m, then k} = ki where k{ is the Stackelberg

leader capacity.

Clearly, if o > Mfg,‘w««i‘i , then R°(ky) is in the region of pure strategies,
region A, so that the best that the incumbent can do is to pick up the Stackelberg
leader capacity.

Next, consider the case where 7y < 1};20_;15_2 . In this situation the leader’s
best choice depends on the relationship between ¢1, ¢y and 7.

Suppose first that the incumbent is cost advantaged, i.e. ¢; < ¢y + 74, or not
too cost disadvantaged, ¢; > ¢y + 7. In this case R°(ky)} is as in Lemma 5, and
the best choice of the leader is either in region A of pure strategies or in region
B4 where it is not capacity constrained.

In the region of pure strategies k7 = k¥ (c,r) (the Cournot capacity for costs
¢ = {ec1,¢2}, and v = {ry,r}) , meanwhile in region By, k¥ = k’. The choice
between one or the another depends on the value of ¢;. For instance, if ¢; is very
small Jy is also very small and the best choice for firm 1is &/, As ¢y increases, J,
increases as well, and from some ¢; on the best choice of 1, changes to k(e r),

the Cournot outcome. Thus,

Proposition 2. If ry < W, and ¢y > ¢1 — g{cr,19), ki goes from k' to

kS (e,r9) as ¢; goes from zero to higher but not big values.

For instance, if ¢; = 0, the middle branch of R°(ky), in Lemma 5 is flat since
in region By, firm 2’s profits are now %H;(klg), and firm 1 is indifferent between
ki’ (c,r) and any other value in the middle branch of R°(k;). In this case k} = k,

for ¢y = 0.
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As ¢y increases, Jp increases so that firm 1 will eventually prefer k§(c,7) to
k7.
However as ¢ keeps on increasing R°(k;) will shift to that of Lemma 6, i.e.

¢1 > ¢z and firm 1 is now cost disadvantaged.

{Insert Figure 10)

In this situation, the best choice of the leader is between kS (c,r) and kP. If
¢1 is not too big, k% > kY > (¢,7), so that kF = k¥ (¢, 7).

However, if ¢ is sufficiently big, then k} = k% (the jurp in R°(k) is before
k¢ {c,r) ), and the outcome is that of reverse Judo, where the leader is very cost
disadvantaged and it chooses an small capacity in order that firm 2 does not price

it out of the market. Hence,

ors 1-2Zep-ke
Proposition 3. If ry < mecz'”’—'c—‘)-, and ¢y < ¢ — g(cy,73), then kI goes from

k' {e,r) to kP as ¢y increases.
Graphically the above results can be summarized as follows:
(Insert Figures 11 and 12)

Hence, depending on the values of the access price 7y (that the incumbent
sets up simultaneously) and the cost parameters ¢; and ¢y, the model obtains a
wide range of qualitatively distinct equilibrium outcomes for capacity levels. The
relationship between the access price ry the equilibrium capacities and prices in
the product market is the following:

1. For low access price. i.e. ry < Mﬁ;ﬁl, the nature of equilibrium depends

on unit production cost asymmetries.
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a) If ry is low and the incumbent has a moderate costs disadvantage or if ry
is intermediate (but 7y < 122241} 5nd the firm’s unit costs are not too different,
the entry accomodation yields k{'(ci, ¢,71,72) as the leader’s capacity, i.e. the
Cournot outcome. The follower responds with k§ (¢1, ca, 71, 72) and firms set prices
to clear all capacity from the market. i.e. price is driven down to a level that
clears all capacity (in the region of pure strategies), P = P(k{ + k5). Hence we
obtain the equilibrium values:

1—2¢y + ¢y =20 + 19

3
1—2c0 +0y — 219+ 7
R:E(m,m,?‘l,?'z) = el ,; 2t l,wz'i’;h,
lD] == 1’:)‘2 = f‘l)(ktg: -|' kg) == 1 - kf e ,Ic.f,wh,cre
Ltey+egt+ri+m
3

k]c(cl,c%?'l:?'?) =

1—k =k =

b) When 7y is low and the incumbent has the lower cost of production or if it
18 not too cost disadvantaged, " Judo-like” behaviour arises. In judo equilibrium,
the incumbent sets a large capacity and the entrant a small capacity, so that a
non-degenerate mixed strategy arises at the price-setting game.

This solution captires the image of a small firm using its rival’s large size to its
own advantage , and relates directly to Gelman and Salop (1986) model of "judo
economics”. Their model deals with the incentive of a cost-disadvantaged entrant
to keep its scale of operation small, the cost-advantaged incumbent is assumed to
have enough capacity to serve the entire market. The entrant first decides upon
a scale of operation, and a price to charge. The incumbent then follows with its
choice of price. Thus, the entrant is a price-leader. Gelman and Salop show that
it is optimal to choose a capacity-price pair which will deter the incumbent from

undercutting or matching and which gives the entrant positive profits.

29



In our model, the solution is on the region of price-setting mixed strategies
with ky > kg, and hence Py >Py, that implies that firm 2 can undercut or match

firm 1's price. Thus the equilibrium price (in mixed strategies) for firma 1 is:
P> Pley+k)=1-% —J

where P is the price at which firm 1 is indifferent between being the low-
priced firm or being the high-priced firm, and capacities are such that at k; =
k7, firm 2's maximum profit from responding with a capacity that leaves firm
1 capacity constrained at £y equals its profit from setting ky = J{ey,¢,7), a
capacity sufficiently small that firm 1 is not capacity constrained at ;. Hence
firm 2 selects its judo capacity for k; > k7 and firm 1 sets higher prices on average
than the entrant and both reduce output below capacity.

Note that by choosing P =arg max H (P) (the monopoly price for the residual
demand) firm 1 can always gl.zararit]ee for itself its Hy(P) profits. If firm 1 were
to choose as a leader it would price up P, and firm 2 wonld also choose P as
a follower.

Hence where £ > Py, firm 1 provides an stochastic price-umbrella i.e. it prices
passively.

Observe that if ky = J is not too big, then Py is close to the monopoly of the
market demand. Thus, under the judo solution, industry price is expected to be
higher than under Cournot and market capacity lower.

¢} Finally, if firm 1 is very cost-disadvantaged, i.e. ¢; > ¢3 by a big amount,
the solution is that of "reverse judo”, where the leader chooses an small capacity
in order that firm 2, the very efficient entrant, does not price it out of the market.

Hence the incumbent reduces capacity below the Stackelberg level to avoid aggre-
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sive answer by the entrant. This one sets a capacity along its best response and
production takes place at full capacity with prices in region A (pure strategies).
In particular, P, = P = P(k,iB + ko)== 1 - !cf; — ky, where k% is now the reverse
judo solution for firm 1, but in region A, since as a leader it can avoid to jump to
the region where Py > P,.

2. For high access price, i.e. when ry > l“—g”zziﬂ, the solution leads to Stack-
elberg behaviour. The leader reduces capacity down to the Stackelberg outcome

and prices clear up the full capacity

Py o= Py= P, + k) =1 — ki), — kS, where
1—2¢1 + 9 — 1y

EY =
1L 5
. 1 2¢) — 3¢y + 77 — 2
kiésp = o ;‘H N w,and
PS e L4 2¢y 4y + 1y + 20y
4

Note that if the incumbent is not very efficient P¥ > PY (Cournot) and
kY, + ki = k% < kY = k{ + kY, fe. industry capacity is smaller than the
Cournot solution.

Once we have analyzed the incumbent’s capacity choice let us turn back to
the access price choice.

The leader charges the entrant a variable price ry and a lump-sum cost F.
From the leader’s maximization problem it is clear that ry = ro(rye1,c2) and
explicit solutions depend on the relationship among them. However, some quali-
tative features of the solution can be highlighted.

a) The case of the relatively efficient network monopolist.
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If firm 1 is quite efficient or not too cost disadvantaged it will choose an access
price not too high, i.e. anry < h%;iﬂ, in order to implement the ”judo solution”.

By this pricing, prices in the product market are high enough and the incum-
bent behaves as ”almost” a monopolist. In fact, it is a monopolist in the residual
demand, which is quite big since the judo capacity of firm 2, J, is quite small.
Notice that the more efficient the incumbent is, the smaller is J, and hence the
higher its monopoly power. Also, the less efficient the lower has to be 7y to price
up the judo outcome.

Since the incumbent pays a variable unit cost of r| per unit of capacity, it
could be the case that ry > 3—2—3'2&—'—‘1 In this situation the incumbent may cross-
subsidy its pricing below marginal cost. If ry < 1—2——“21131, and the incumbent is
not cost-disadvantaged it can price at marginal cost.

Industry capacity will be high but competition will not be important here.
Prices in the final service market will be high. In fact, the leader will provide
with an stochastic price umbrella for the entrant, who can undercut the leader.

b) The case of the relatively inefficient network monopolist.

However, if firm 1 is quite disadvantaged in cost, the judo solution may not
maximize its profit. This is so because .J (the judo capacity of firm 2) increases
with ¢; and hence ki decreases, so that to be a monopolist on the residnal demand
pays less than being a Cournot competitor.

Under this situation the best that the incumbent can do is to choose a high ac-
cess price ( 7y > 122244 £ reduce industry capacity to the Stackelberg outcome
and to price in the product market higher than under Cournotian competition.
With this strategy, the monopolist remains active in the final service market even

if it is a highly ineflicient firm. In that case, its capacity and output will be quite

32



small, but the entrant will not be able to price him out of the market.

¢) The case of the relatively symmetric firms.

If firms are cost symmetric, ¢; = ¢y = ¢, it can proved that profits for the
incumbent are higher under a high access price ry , and hence, under the Stack-
elberg solution”. The same solution is the outcome for production costs not too
different from each other.

If the capacity cost of the incumbent, 1, is not too big, this solution implies a
big reduction of industry capacity and hence high prices in the final service market.
Also the entrant is paying a high access price to produce the final services.

Stackelberg versus liberalized Cournot capacities.

If we compare total industry capacity and market prices for the final service

under the Stackelberg and under a liberalized Cournot solution where the access

1t can be checked that firm 1 differences in profits under Stackelberg and Cournot when
production costs are the same, are:

0§ - 11f = Sog2d o Ly — 1) (3 - ¢~ 2f)

+9(r§ - rEW1 — e 41y - P - r§)) > 0,
where 1§’ < 3¢, and 7§ > 152,
With 52 (11§ - 1§} > 0.

—y — ) 'S A P e RV e [
Also lot K% = K + Kfp = 3200088 and K€ = KO 4 g§ = 22emiord e

K% < KCifry < 6rf —4r§ — (1 - ¢)

Now, for different production costs:

1§ - nf = dfadmenl 4 105 )

(T—ca+75) — 5(r§ — 1) (5 — &1 — deg 4 5rF)

where 7§ > ll?ff’—“l, r§ < l—%ﬂ»—ﬂ

Observe that the function I'l'f — Hf , 18 increasing in 7y, in ¢ and decreasing in ¢;.
Also, K¢ == 3_&:5%:15?_{ and K% = m;%‘—_—zf;—, with

KS <K ifry < 0r§ —d4r§ — (1 - 2¢; 4 ¢2)
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price rp = 7y, we find the following features, Let K and K€ be the industry
capacities under Stackelberg and liberalized Cournot respectively, then:

If firms are equally efficient, then industry capacity is smaller under Stackel-
berg than under liberalized Cournot, and hence the final service market is higher
under the former solution. Also, access prices are higher under Stackelberg.®

If firm 1 is more efficient than firm 2, or if firm 1 is quite inefficient, the
Stackelberg solution always implies a lower industry capacity than the one under
liberalized Cournot. Finally, for a moderate cost disadvantaged monopolist, the
industry capacity comparison depends on 7. If it is not too big the previous
outcome will be repeated.

Hence, our theoretical findings match most of the empirical evidence from the

European Union and the OECD countries.

7. Final Comments

In this paper we have tried to raise a guestion mark about the economic case
for the consideration of telecommunication infrastructure as a natural monopoly.
The early work putting forward ideas for the deregulation of utilities like Demsetz
(1968) did not question the natural monopoly status of the networks.

Empirical evidence about the unsatisfactory performance of monopolized telecom-
munication infrastructure markets has been recently provided by the European

Union and OECD countries,

¥ e Bompy =¥ . -
Blfey =y = ¢, K€ = 2(1 — ¢~ ) and XS = 32300m=23  oieh o8 > Lie,
1 2 ’ 3 1 4 ’ 2 =7y

' 3on et ey D . PIT, P
Ifey # e, K§ = —%:3*:"3?2:—2# and ° = LEEL%M’ with 7§ > ngﬁzuﬂ, and K% < K§,

ifr < %15 - é(l —2¢y -k eg) where ry < 1—2¢p4-coifep > ey, and 1y < 3:%"—”2 if e1 < ¢g.
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QOur theoretical model, where the strategy space of the incumbent monopolist
includes both access prices and capacity choices provides a theoretical setting that
permits to draw some interesting insights about the choices open to the incum-
bent monopolist. In particular, there are several theoretically possible outcomes
in this setting. However, none of them is satisfactory from the point of view of
competition in the final service market nor in terms of the development of the
network. In the case of an efficient monopolist, the capacity choice gives a rel-
atively large network size, but the impact of entry is quite limited as prices for
the final services remain high. On the other hand, for less efficient incumbents,
they will restrain the growth of the network and competition will not be very
active either. More importantly, the access price will be quite high and this will
discourage entry and the development of markets for new services. Our findings
provide some theoretical background for the above empirical evidence.

However, it is far early to draw conclusions based on sound economic reasons.
Evidence and theory seem to point out that we are working in a world of "second-
best solution” and it is quite difficult to carry out clear-cut comparisons in terms
of social welfare in that context. The duplication of networks does have an impact
in terms of social costs. It implies the extra allocations of resources from other
sectors. But, infrastructure competition seems to have beneficial effects in terms
of competition and individnal market performance. Therefore, there is a clear
trade-off in terms of costs and performance for the economy as a whole with a net

effect very difficult to evaluate.
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APPENDIX.
Under the conditions of Lemma 4 we have
Proposition 4. Suppose ry > Q—_ﬁ%ﬂl, then

Ro(ky) if by < k™

R(ky) =
(k) 0ifk) > k™
where k™ =1 — ¢y — 19 — 2/ 15
Observe that in this case R(ky) = QL' (k,), where

%(1-—-;6-;**(.32—’1"2) Ifnl;1 <1 —eg~1r9— 215

r k —
Qz( 1) 0 otherwise

In other words, the outcome of our game coincides with the Stackelberg out-

come.
ey 1--2e9-1¢
Proposition 5. Suppose ry < mei.;miﬂl, cg 2 ¢ — gler,re), then

Re(ky) if ky < k™

R(k) =
() 0 ifky > k™

where k™ is

o] if Hg(k?'], JQ | (;;,(_‘2,?‘2,0) >

Y(er, €2, 72, o) if Ty (K7, Jy | €1,¢9,79,0) < F <
ko= (k% (e, 7a) | ¢1,¢9,79,0)

{ 1 Cog — T’y — 2\/ F'g if F‘g Z Hg(kc(c,?‘g) I 61,02,7'2,0) J
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Note that for ky > k7(cy,co,7), R°{k1) is constant at the level Jy{cy, cy,7y)
and R°(kq) lies in By, where Sub-game equilibrium profits are independent of &;.
Hence , if Fy < II(k”7, J,) then R(k;) coincides with the expression for R(k;)
given in Lemma 5. When Ily(k7, Jy) < Fy < II(k’) the jump point lies on the
second branch of R°(ki} in Proposition 2. Finally, when Fy > I1,(k%(c,7)) the
jump point occurs to the left of k{'(c,7) so that R(k;) is equal to QF (k).

The remaining two proposition parallel Lemma, 6.

Proposition 6. Suppose ry < 9;2325—*54), cy < ¢ — g{ey,7y), and
d(C1)(Cl — Cy — 7'2) < Hg(}ﬁc(c, 7'2) | ()1,(32,7"2,0). Then
Ro(ky) ifky < k™

R(ky) =
) 0 ifky > k™

where

v if d(Cl)(C‘l - iy - ’1'2) > B

(e, e, 70, ) if d(eg)(e1 — ca —19) < Fy <
kT e Hg(!‘\’}c((:, 7‘2) | (11,62,?‘2,0)

1 —eco— 19— 24 1?2 if Fg 2 Hg(k}c((ﬁ, ?‘2))

When Fy < d(cy)(eq — ca — 73), R(kq) coincides with R°(k;). Fixed costs are
the small enough that for k; > k® the follower prefers to price the leader out
of the market. When d(c;)(er — ¢z — r2) < Fy < IL(k%(c,m2) | ¢1,¢9,72,0), the
jump point occurs on the upward-sloping branch of R°(k;) given by the middle
expression of Lemma 6. Finally, when Fy > II,(k“(c,ry)), R(ky) = QF (ky).
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In the next Proposition, k% < k{'(c,ry).
Proposition 7. Suppose that 7y < in, ey < ¢y — g(eq,my), and
d(c1)(er — ¢y —ro) 2 Ta(k¥(e,rq) | ¢1, c2,79,0),then
Re(ky) if by < k™

Rlk;) =
(1) 0ifky > k™

where
00 if dep)ey — g —1y) > Fy

k?n f—
1-— Co = T'g — 2\/ ]*12 if ng 2 d((.'l)((fl - Cy — ?‘2)
Note that here, R°(ky) jumps directly from region A to region C. If Iy <
d(c1){cy — ¢2 — ), there is no change in the follower’s capacity best response. If

this inequality is reversed, R(ky) = Q4 (k).
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High Capacity Leased Circuit Prices in ECU (at 1.1.94)'

EU half circuits Rental to nearest EU Rental furthest EU
B 21.793 29.380
DK 17.658 19.865
D 27.889 33.422
GR 26.115 33.174
E 30.192 30.821
F 24.185 31.815
IRL 4.027* 30.312
1 27.685 33.769
L 16.739 27.170
NL 18.700 24.933
p 21.117 31.777
UK(BT) 10.041° 40.778
UK(MCL) 8.817 23.958
EU 20.461 29.901
EU Total circuit price’ 40,922 59.802
US 4.601° 6.236

Source: Coopers & Lybrand, 1994

‘Rental charges are in ecu for a 2 Mbit/s line on I-year contracts. Some TOs offer discounts for longer
term contracts. High volume discount schemes offered by some TOs have not been taken into
consideration.

Note: these tariffs are subject to change and therefore for further details refer to national regulatory
authonities.

*1rish circuits to the UK are distance-dependent. The charge is made up of a fixed cross channel charge
and a mainlink which is distance-dependent. A link for Dublin has been taken in this instance.

*BT’s charges to Ireland are distance-dependent and the cost is for a link from London to Nefyn, the UK
charging point, with an approximate distance of 340 km.

*Sum of two average circuit halves.

*Figures represent AT&Ts charges for a 1.5 Mbit/s {T1) from New York to Washington (320 km) and
from New York to Chicago (1.100 km).
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RANKING INTERNET ACCESS PROVIDER CHARGES (DIAL-UP), August 1995

QOCDE Countries 20 hours per 30 hours per Average Possible
(Infrastructure competition month ' USSPPP | month ', USSPPP extra charge
exist in shaded countries) based usage
Australia (November 1995)° 10.45 16.54 13.49

UK 14.67 14.67 14.67

NZ 15.26 15.26 15.26 YES
Finland 18.85 18.85 18.85

US 20.64 20.64 20.64

Netherlands 21.13 21.13 21.13

Canada 15.96 27.96 21.96

Iceland 24.35 24.35 24.35

Sweden 25.10 25.10 25.10

Australia (November 1995)° 2941 2941 29.41

Spain (November 1995)° 35.10 35.10 35.10

Norway 35.69 53.07 44.38

Switzerland 46.95 55.95 51.45

Portugal 42.25 67.25 54,75

Austria 59.32 5632 59.32

Australia (August 1995)° 51.74 77.21 64.48

Japan (November 1995)° 53.04 86.19 69.61

France 61.37 91.39 76.38

Greece 77.39 77.39 77.39 YES
Mexico 80.41 20.41 30.41

Denmark 67.48 99.64 83.56

Turkey 72.97 117.97 05.47

Italy 79.08 117.82 98.45

Belgiim 108.36 108.36 108.36

Japan {August 1995)* 109.57 109.57 109.57

Germany 108.06 162.09 135.08

Ireland 153.49 153.49 153.49

Luxembourg 154.65 154.65 154 65

Spain’ 218.96 34501 281.99

OECD 67.35 83.94 75.65

Infrastructure Competition 33.97 38.66 36.32

No Infrastructure 83.05 105.25 94.15

Competition

Source: OECD

"ncludes 20 or 30 calls of one hour duration and connection (or set up charge) spread over 36 months,
*Netspace price for non~commercial users in November 1993

YAcay price in November 1995 and in August 1995

‘InfoWeb price for November 1995 and Tokyo Internet for August 1993,
s Abaforum price for November 1995 and Eunet price for August 1995

OCDE average excludes Australian and Spanish data for November 1995.
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