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1 Introduction

During the last decade the Internet has become an important industry, for example
measured in the number of people using services such as email and web-browsing.
Although we can learn a lot about this new industry by applying standard results
from economics, there are some idiosyncratic characteristics in the Internet industry
that call for a closer examination. For example, Internet users need access to both
local and global networks in order to get complete connection. The local network
is typically dominated by a domestic telecommunication company, while the global
network - called the Internet backbone - is dominated by a limited number of US
companies. While the providers of local access have historically been both price
and quality regulated in its home country, the providers of global access have so far
not been regulated. The purpose of this paper is to examine the interplay between
the firms in the global and the local network concerning price and quality setting.
We show that such an interplay has important implications for the domestic public
policy towards a dominant firm in the local network.

Since the Internet is rather new, the are few studies in the literature of this
particular industry. Inspired by Mackie-Mason and Varian (1994, 1995a, 1995b),
several studies have analyzed the congestion problem in the Internet and price set-
ting to end users without market power. Neither access pricing nor the quality of
interconnection between networks are important topics in those studies. More in
line with our focus, though, are Cremer et al. (1999), Milgrom et al. (1999) and
Economides (1998a, 1998b). The two former study the Internet backbone market,
while Economides focuses on an upstream monopolist’s incentives to foreclose rival
downstream firms through quality degradation. An important distinction between
our study and theirs, is that we are concerned about the interplay between the local
and global access network.

In our model a dominant firm provides access to the global network, while the
incumbent telecommunication firm provides local access in a particular country. The
end-users are served by two Internet service providers, and one of them is owned

by the domestic telecommunication firm in charge of the local access network. In



the first version of our model we assume that the second end-user provider is an
independent firm. We show that in such a case the integrated local telecommunica-
tion firm would find it profitable to set a high local access price to the independent
end-user provider and thereby to monopolize the end-user market (foreclosure). If
the global access provider’s price setting is exogenously determined, we find that a
regulator maximizing domestic welfare should set the local access price equal to long
run marginal costs. In such a way it triggers competition in the end-user market.
This reproduces the well known cost-oriented price regulation paradigm, and serves
as a benchmark for our analysis.?

If we let the global access price be endogenous, results change dramatically. A
cost-oriented regulation, as described above, would now be detrimental to domestic
welfare. The same is true if the regulator cannot credibly commit itself to a certain
access price, and ends up by setting price equal to marginal costs. Such a low local
access price would imply that the provider of global access could gain a larger share
of the market’s profit potential by setting a high access price. Hence, a reduction
in the local access price is partly replaced by an increase in the global access price
and thereby a profit shift out of the country. If the regulator could commit itself to
a public policy, often denoted ex ante regulation, the best it could do would be to
not intervene. By doing so, it prevents any profit shift out of the country.

Next, we consider the case where the provider of global access has acquired the
independent end-user provider. Now the end-user providers are in a symmetric
position, since each of them controls an essential input both of them need. No
surprise, then, we find that foreclosure will not take place in equilibrium. More
surprisingly, we find that if the regulator could behave credibly it would set an
access price below the one it would prefer if the provider of global access had not
acquired the end-user. Hence, an end-user provider owned by the foreign global

access provider should be given more favourable terms than an independent and

2Laffont and Tirole (2000) conclude that one of the main economic principles is that efficient
access prices should be cost and usage based (see chapter 3.2.6). However, they also note that
in some cases access prices should be above long-run marginal costs and in others below long-run

marginal costs (see, for example, chapter 5 in their book).



locally owned end-user provider. The reason is that the global access provider’s
response to a lower local access price is now distinctly different, because its main
response to a lower access price is now to act more aggressively in the end-user
market. Thereby consumer surplus increases.

We extend the model further by examining how any possible quality degradation
may affect the domestic public policy. The provider of global access is allowed to
reduce the quality when serving the locally-owned end-user provider, the rival to its
own end-user provider. If there is no regulation of access prices, we find that the
global access provider decides not to practice quality degradation. The reason is
that any quality degradation would harm the global access provider’s potential for
profit extraction from the end-user provider who is integrated with the provider of
local access.

However, there might be a price cap on the global access price, for example
due to international coordination of public policy. If such a price cap is sufficiently
restrictive, the global access provider’s profits from serving the locally-owned end-
user provider are limited. Then the global access provider finds it profitable to
foreclose it by practicing quality degradation. The domestic regulator, though,
would rather have both end-user providers active in the market to ensure rivalry
in the output market. The regulator’s best choice may then be to set a higher local
access price than the provider of local access itself would have done. By doing so
it encourages the global access provider not to practice foreclosure. However, for a
sufficiently low global access price it is not possible for the regulator to prevent the
global access provider from practicing foreclosure.

Finally, note that there is a potential conflict between international and domestic
public policy. First, a restrictive price cap on global access would, as noted above,
result in foreclosure even if the local access price is regulated. This is detrimental
to domestic welfare, and each domestic country would have been better off without
any regulation of the global access price. Second, a price cap on the global access
price may result in a less restrictive price cap on the local access price, and may even
in some cases result in a higher end-user price. Such a response from the domestic

regulator would shift profits from the providers of global access to the providers of



local access.

2 The Internet

For our purpose, Internet connectivity sold to end-users in Europe can be seen
as a composite good that consists of one domestic input (local access into homes)
and one global input (access to the Internet backbone in the US). These inputs
are supplied by Local Access Providers (LAPs) and Internet Backbone Providers
(IBPs), respectively. Internet connectivity is sold to the end-users from an Internet
Service Provider (ISP), and a regional ISP needs to buy local access to consumers
from the LAP and global Internet access from an IBP.?

The market structure is dominated by a few firms in both the local and the
global access network. Regarding local access, the ”last mile into homes”, the local
telephone lines and the cable-tv lines are the alternatives for private users (Clark,
1999). Obviously, local access has to be offered locally. This is in contrast to the
other potential bottlenecks that are offered globally. The high up-front investments
of new wireline facilities, and the ability to increase the capacity of existing local
telephony and cable-tv network, indicate that there will be no rush to enter this
market and install additional wires to homes.? Independent of the technological
evolution, it is realistic to believe that the telecommunication incumbent who is
controlling the copper pair into homes will still have considerable market power
in the input market for local access.” Due to the dominant position, the LAPs
are typically subject to regulation of price and quality for local access as an input

component. In the EU, for instance, the evolution of the regulatory regime has led

3Between the bottleneck components local access and core backbone access there is a chain
of intermediates. We do not consider these intermedites segments, since their potential for using

market power seems to be limited.
4The telephone incumbents offer a copper pair into the home (using dial-up modem, ISDN or

ADSL) and the cable-tv providers use cable modems over hybrid fiber coax cables.
®For a discussion of the alternatives for local access in the future see Clark (1999) and Laffont and

Tirole (2000). Note, though, that the market for larger users is quite different. Some universities,

for instance, have found it profitable to invest into new direct lines dedicated to Internet connection.



to commitment to a restrictive practice, often denoted ex ante regulation, towards
the LAPs.

In contrast, there has so far been no regulation of the global access input supplied
by the IBPs. A few US firms provide connection to the global backbone to regional
ISPs all over the world.® It should be noted that global access is much more essential
for Internet connectivity than for conventional telephone services. While only a
relatively small portion of world wide telephone calls go to or from the US, the
majority of the Internet traffic has to go through the US. For the location of Internet
facilities we thus have a clear asymmetry between the US and the rest of the world.

Even if no IBP separately is in position to use market power, a group of co-
operating IBPs may be in position to use market power (Cremer et al, 1999, Milgrom
et al, 1999). In addition to give access to information located on servers in the US,
the input from the IBPs also secures access to the core routing structure and access
to all Internet addresses in the world (Milgrom et al, 1999). A limited number of core
IBPs co-operate in the creation of a consistent routing structure. The full routing
tables are a part of the input sold to regional ISPs, and they define the addresses
that can be reached. When the IBPs co-operate in coordination their core routers,
it would be a temptation to use it as a collusive device (Varian, 1999). The control
over the core routers (with full routing tables) distincts the IBPs from other ISPs
that are controlling regional backbones.

Recently, we have witnessed a more active role played by the core IBPs. While
they still have cost-free interconnection among themselves, they now charge smaller
regional ISPs for access to their global infrastructure and core routing services. In
other words, the smaller regional ISPs have become customers (or resellers) of the

core IBPs facilities and services.” We have also observed that IBPs have integrated

6 Access to the top-level of global infrastructure is controlled by US firms such as MCI World-
Com, Sprint, GTE, and AT&T. The only non-American firm operating a top-level backbone is
Cable &Wireless, who bought MCI’s backbone operation before the MCI-WorldCom merger. See

Cremer et al. (1999) for an overview.
"An example of this is UUNET (a MCI WorldCom subsidiary), who ended the cost-free inter-

connection regime in 1997 and started to charge smaller ISPs for access to their backbone. See

Mackie-Mason and Varian (1997) and Werbach (1997) for a summary of the internet’s history.



vertically into the retail market for Internet connectivity (the ISP segment) in Eu-
rope.

Most Internet users have previously demanded services such as e-mail and web-
browsing. These services are not particularly sensitive to delays. The quality re-
quirements have changed, however, not least due to an increasing demand for in-
teractive video that requires real time communication. The market thus becomes
more sensitive to the quality of interconnection and, hence, quality degradation can
be an important strategic weapon. Integrated firms such as MCI WorldCom may
therefore gain an advantage by offering premium services to the customers of their

own subsidiaries.®

3 Some preliminaries

Let us consider the stylized market contexts illustrated in Figures 1a and 1b. The
ISPs buy local access and global access as inputs from the LAP and the IBP, re-
spectively. Throughout the paper we assume that (i) one IBP provides global access
and one LAP provides local access, (ii) ISP A and ISP B compete in the market for
Internet connectivity sold to end-users a la Cournot, and (iii) the LAP is vertically
integrated and operates ISP A as its subsidiary.

In section 4 we assume that the non-integrated IBP sells global access as an input
to both ISP A and ISP B. This market structure is denoted VS (vertical separation),
and it is illustrated by Figure la. In section 5 we assume that the IBP vertically
integrates into the retail market and operates ISP B as its subsidiary, see Figure 1b.
This market structure is denoted VI (vertical integration). In section 6 we apply
the same structure as in section 5, but we allow the IBP to engage in non-price

discrimination (quality reduction) towards ISP A.

8This fact has received a great deal of attention, see for example Shapiro and Varian (1998) for

a discussion of the MCI WorldCom case.
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Figure 1: The market structure.

Demand side

Let consumer demand for Internet services be given by

p=a—B(qa+qs), (1)

where p is the price, and ¢4 and gp denote the quantities from ISP A and ISP B,

respectively. The consumer surplus may consequently be written as
CS = (a—p)(qa+as5)/2. (2)
Supply side
The profits for the downstream firms (the ISPs) are
= (p—w —wy)q. (i=A,B) (3)

where w; and w, are the prices charged by the LAP and the IBP, respectively.
Upstream profits for the LAP and the IBP are given by

rap = (w — ¢)(qa + ¢B) (4)
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and
Tigp = (Wg — ¢¢)(qa + qB), (5)
where ¢; and ¢, are the respective long run marginal costs.
Since the LAP is vertically integrated, it is useful to express its aggregate profit
level as

7T£AP:7TLAP+7TA. (6)

If the IBP is vertically integrated, the market structure denoted VI, we have

Tipp = TIBP + TB. (7)

Domestic welfare
Domestic welfare is measured as the sum of consumer surplus and domestic
profits (7p);
W =CS +7p. (8)

In the case where ISP B is a domestic independent firm we have 7p = 7} ,p+7p,

while 7p = 7} ,p if ISP B is owned by the foreign IBP.

A benchmark

As a benchmark, let us consider the model illustrated in Figure la (VS). For the
moment, we will assume that the IBP charges an exogenously given price wg,. If it
is normalized to zero, it can be interpreted as the old regime where the IBPs did
not charge the regional ISPs for global access (see Chapter 2).

Rewriting equation (6) we can express the profit level of the integrated LAP as

7T£AP =(p— Wy — a)qa + (w; — ¢)qp. 9)

We assume that the LAP first chooses w;, and that ISP A and ISP B subsequently
compete in quantities. Solving the game by backward induction, we start with the

quantity setting by the ISPs. Using equations (1), (3) and (9) we have

Onlap/0qa = (o—2Bqa — Bgp — wy — ¢;) =0 and
Orp/0qp = (o—20qp — Bga —wy —w;) = 0.

8



From the first order conditions we find equilibrium quantities
G = (a+w —2c —w,) / (36), (10)

qp = (@ + = 2w —w,) [ (30), (11)

At stage 1 the LAP determines the price w; that it will charge from ISP B.
Differentiating (9) with respect to w; we find that

wp = (ot —w,) /2 (12)

From equations (11) and (12) it is thus clear that the LAP chooses an access price
w; such that ¢ = 0 (and 75 = 0), and is thereby able to act as a monopolist in the
downstream market. Hence, it exploits its control over the local access to deter the
rival downstream firm from being active.

The fact that the LAP becomes a monopolist may obviously have negative welfare
effects, and indicates that there is a role for public policy. National welfare equals
W =CS + 7l ,p+ 75, cf. equation (8), and the government maximizes W with

respect to w; subject to the constraints
WéZPEO’W*B207 wlzcl. (13)

The first two constraints state that each domestic firm should have a non-negative
profit, and the last inequality says that the LAP must have a non-negative price-cost
margin on its sale to ISP B.?

Differentiating W with respect to w; we find that w; = 2¢; + w; — o when
dW/dw, = 0. However, then w; — ¢; = —(ov — ¢, — w,) < 0. This is a violation of the
constraint that w; > ¢;, and the LAP must be allowed to charge a higher price for

local access.'” Since dW/dw, < 0 when w; > 2¢; + w, — o it follows that w; should

9Note that we do not consider a policy where the government possibly subsidizes any of the
firms in order to achieve a first-best outcome. A no-subsidy assumption seems appropriate since
the regulation policy in the EU typically allows firms to set prices such that their long-run marginal

costs are covered.
The domestic marginal costs are equal to ¢; + w,. If it shall ever be profitable to operate in

this market we must require that p(0) = o > ¢; + wy, or o — ¢ — wy > 0.



be chosen as small as possible, given that (13) is satisfied. We thus have found that
the regulator sets the local access price equal to long run marginal costs.

By setting access price to the local network equal to long run marginal costs,
the regulator prevents the LAP from achieving a monopoly position. It is straight
forward to show that the welfare level is now higher than the one without regulation.

Our results so far can be summarized in the following lemma:

Lemma 1: Let us assume a VS market structure and that w, is evogenous. If no
requlation, then the LAP sets the local access price so high that ISP B is foreclosed.
If requlation, a regqulator that maximizes domestic welfare sets w; = ¢;, and both

ISPs are active.

In the benchmark w, has been exogenous, which is consistent with the fact that
wy has been equal to zero until recently. Lately, however, the IBPs have begun
to charge the ISPs for connectivity to the backbone, and presumably this pricing
behaviour will become more widespread along with the increased commercialization
of the Internet [see, e.g., Frieden (1999) and Cremer et al. (1999)]. In the following

sections we analyze the effect of an endogenously determined price from the IBP.

4 Vertical separation

In this section we will still assume that the IBP is vertically separated from the ISPs,
as illustrated by Figure 1a. The benchmark presented in the previous section is thus
extended to the case where the IBP maximizes profits given by (5) with respect to

Wy.

Equilibrium

Prices and quantities are determined in a non-cooperative two-stage game. At
stage one the LAP and the foreign IBP simultaneously set the access prices w; and
wy, respectively, while there is Cournot competition in quantities between ISP A
and ISP B at stage 2. The latter assumption implies that ¢% and g}, are still given
by equations (10) and (11).

10



To find the equilibrium value of w,, we insert ¢% and ¢}; into (5) and differentiate

with respect to w,. Taking w; as given, we have
wy(wy) = 2a +2¢, —w; — ) /4. (14)
In a similar way, we find that
wi(wy) = (a4 ¢ —w,) /2. (15)
In the appendix we prove the following Proposition:

Proposition 1: Let us assume a VS market structure and no requlation. Then

the LAP sets w; such that qj = 0.

The LAP thus uses its control over the essential domestic input (access to the
local network) to practice foreclosure against the competing downstream firm, ISP
B. Thereby the LAP is able to retain its monopoly power over the consumers. Note
that this result is identical to the result found when the global access price was
exogenous (see Lemma 1). Tt thus illustrates that strategic behaviour by the global

access provider does not change the LAP’s strategy of monopolization.

Domestic public policy

It is natural to let the government regulate w;, that is, the access to the local
network in that particular country. In principle, the government can act as a first
mover. It sets w; before IBP sets w,. However, such a commitment to ex ante
regulation may not be credible. If it is not a credible commitment, then we can
model public policy as if w; and w, were set simultaneously. In the following we

analyze both cases, and we start with the latter.

No credible commitment

Now we have a two-stage game, where the regulator and the IBP choose w; and
w, at stage one and the integrated LAP and ISP B choose quantities at stage two.
We then have the following results (see the Appendix):

11



Proposition 2: Let us assume a VS market structure and that the requlator and
the IBP set w; and w, simultaneously.
(i) The regulator then sets w; = ¢;, and

(i) the welfare level is lower with than without regqulation.

Since the regulator and the IBP act simultaneously, the regulator is not able to
influence the IBP’s choice of w,. For any given choice of wy, the regulator’s best
choice is to set access price equal to marginal costs and thereby eliminate the dead
weight loss following from a local access price above marginal costs. The regulated
price of local access is thus equal to long-run marginal costs, as is the case when wy,
is exogenous (see Lemma 1).

It can be shown that consumers are better off and domestic producers worse off
following regulation. Since part (ii) in Proposition 2 states that regulation is detri-
mental to domestic welfare, then the reduction in domestic profits is only partially
passed on to the domestic consumers. The reason is that part of the initial domestic
profit is shifted to the IBP. The IBP anticipates that the regulator sets access price
equal to marginal costs, and its best choice is then to set a higher access price to the
backbone than what is the case without regulation. Put differently, regulation low-
ers domestic profits and permits the IBP to extract more profits from the domestic
market.

Proposition 2 can also be interpreted as if the government has decided to imple-
ment a cost-oriented pricing policy and due to this has decided to set price equal
to marginal costs. Of course, Proposition 2 is also valid for such a case. A cost-
oriented regulation of the provider of local access can be detrimental to domestic

welfare because it shifts profits to the foreign provider of global access.
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Credible commitment
Let us now take for granted that the government succeeds with ex ante regulation.

Then we have the following game:

- Stage 1: The regulator determines the price wy
- Stage 2: The IBP determines the price w,
- Stage 3: The LAP and ISP B set the quantities ¢, and ¢

We have the following result (see the Appendix):

Proposition 3: Let us assume a VS market structure and that the regulator can

set w; in a credible way. It would then choose not to requlate w;.

Thus, if the regulator can credibly commit itself, it prefers not to regulate at
alll The result in Proposition 3 follows from our result reported in Proposition 2. A
binding price cap on w; would imply that the IBP raises its access price w,, thereby
shifting profits from the domestic producers to the foreign producer. To avoid such a
profit shift, the regulator is better off by not intervening in the market and thus by al-
lowing the domestic producers to capture a large portion of the total profit in the do-

mestic market.

5 Vertical integration

Let us now focus on the market structure illustrated in Figure 1b. We assume that
both the LAP and the IBP have integrated vertically into the ISP segment, and
that ISP B is a subsidiary of the IBP (while ISP A is still owned by the LAP).

If the IBP is vertically integrated, we may write its profit level as [c.f. equation

(7)]

7TfBP = (p—wi — ¢g)qB + (wy — ¢g)qa. (16)
The profit level of the integrated LAP is still given by (9), and Cournot compe-

tition generates the following equilibrium quantities:
¢y = (a+w — 26+ ¢ — 2wy) /(30), (17)

13



and

gy = (e +wy —2¢, + ¢ —2w;) /(30). (18)

Equilibrium

In the first stage of this game the integrated LAP and the integrated IBP set
the prices w; and w,. Inserting for (17) and (18) into (9) and (16), we find that
drl 4 p/dw, = 0 and drly,/dw, = 0 imply that

wi(wy) = [5(a + ) — wy — 4c,] /10 (19)

and

wy(w;) = [5(a + ¢g) — wy — 4¢] /10. (20)

Then we have the following result (see the Appendix):

Proposition 4: Let us assume a VI market structure and no regqulation. Then

w, and w, are set such that q; > 0, where 1 = A, B.

We see that in this case we have a solution where both ISP A and ISP B offer
positive quantities. This is in contrast to the result stated in Lemma 2, where only
the LAP was assumed to be vertically integrated and it foreclosed the ISP B. To
understand the distinction between these two outcomes, note that now both ISP’s
have access to an essential facility and in that respect they are symmetric. From the
LAP’s point of view, the ISP B is now a low cost producer. It faces a low marginal
cost, since ¢, < w,. The LAP then finds it beneficial to serve the low cost producer

rather than foreclose it.

Domestic public policy

If regulation is not a credible commitment, it follows from the previous analysis
that the regulator would end up with a regulated local access price equal to marginal
costs in this case as well. More interestingly, though, is the case where regulation is
a credible commitment. In that case the regulator sets w; at stage 1, the integrated

IBP sets w, at stage 2 and g4 and ¢p are set at stage 3.

14



Proposition 5: Let us assume a VI market structure and that the requlator can

set wy in a credible way. Then it sets w; < w;, and domestic welfare increases.

At first glance, this may come as a surprise. A low local access price is beneficial
for the IBP, the foreign owner of the ISP B, and may thus shift profits out of the
country. However, the IBP’s response to lower local access price is now distinctly
different from what was the case with vertical separation. First, the detrimental
effect on the IBP’s access price, wg, is now more limited. The reason is that this
access price is now only affecting the ISP A’s sale, while under vertical separation it
affected both ISPs’ sales.!! Second, the integrated IBP now responds to lower local
access price by acting more aggressively in the output market. This is beneficial for
the consumers, and explains why the regulator decides to set a lower local access

price than what the domestic LAP would have set.

6 Quality reduction

Above we have seen that it may not be optimal for the regulator to use cost-based
prices on local access, because that may lead to higher prices on global access and
increased profit shifting. This raises the question of whether there is a need for a
global price regulation.

So far we have assumed that the bottleneck owners’ only choice variable is price.
However, a price regulation of the access price may induce foreclosure through non-
price discrimination (see Laffont and Tirole, 2000). In particular, if the integrated
IBP meets a price cap on w, it may engage in non-price discrimination by reducing
the quality of the input sold to the local incumbent’s subsidiary ISP A. As shown
in Economides (1998a, 1998b), it can be profitable to do so, and thereby put its
rival in a disadvantageous position. An LAP who meets a price cap on local access,

may also have incentives to practise foreclosure through non-price discrimination.!?

UIn particular, equation (20) shows that in the present case w, increases by only 1/10 units
when w; falls by one unit, while w, increased by 1/4 units for each unit reduction of w; when the

IBP and ISP B were separate firms [c.f. equation (14)].
L2For further discussions and examples, see Laffont and Tirole (2000) and Economides (1998b).
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Since the prevailing regulation regime in Europe typically has an ambition to reg-
ulate both price and quality on local access, we will, however, not consider this
possibility. On the other hand, it seems difficult to implement quality requirements
on the backbone providers. For example, it is almost impossible for an international
regulatory authority to decide whether an integrated firm such as MCI Worldcom of-
fers new functionality based on technological advantage to its own retail subsidiaries
or practices quality degradation on input sold to the rivals.!?

In line with Economides (1998a, 1998b), we let f > 0 be a ”quality reduction
parameter” which is such that one unit increase in f reduces the consumers’ will-
ingness to pay by one unit. In that case ISP A faces a parallel downward shift in
its demand curve.

By including the quality reduction parameter we can write the profit level of the

LAP as
Toap =P —wy—ca— fga+ (w — c)gp. (21)

Without any loss of insight we will assume that no costs are incurred for the
integrated IBP when it reduces the quality of the input to ISP A. Therefore 7f,,
is still given by (16), and with Cournot competition in quantities at the last stage

of the game we have
¢ = (a+w +cy—2¢—2w, —2f) /(30), (22)

and

qp = (a+ g +w,+ f— 2w, — 2¢,) /(30). (23)

Differentiating (16) with respect to f we find

drhop/df = 551+ a+ ¢y = 2w, + wi), 4

which means that d*migp/df? > 0 for any given values of w; and w,. Setting
drlpp/df = 0 thus gives us a minimum value of 7f5,, and therefore we must look

at extreme values of f to find the IBP’s best choice.

13The Microsoft case gives an illustration of the problems in such a context, see, e.g., Economides
(1998b)
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There are two extreme values of f. It cannot be negative, so there is a lower

bound at f® = 0. The upper bound is given by
= (a+w +cy —2¢ —2w,) /2, (25)

because then g4 = 0 from equation (22). There is no reason to set f > f**, because
ISP A is deterred from entering the market already at f = f*. Moreover, note that
if wy, is unregulated, the IBP does not need the non-price foreclosure instrument f;
it can always use w, as a substitute.

Equilibrium

From the above, it follows that the IBP either sets f = 0 and then imposes
no quality reduction at all or sets f = f“ and deters ISP A from entering the
market. In the former case, we have the vertical integration equilibrium reported in
the previous section. In the latter case, the LAP maximizes 7l ,,, = (w; —¢;)qp with
respect to w; at stage 1 and the integrated IBP maximizes 7izp = (p — w; — ¢4)¢p
with respect to ¢p at stage 2. By comparing these two outcomes, we find that
the IBP chooses to impose quality reduction if and only if the access price to the
backbone is set below some critical value wy. Letting wj denote the access price that
the IBP would have chosen in an unregulated market, we thus have the following

result (see the Appendix):

Proposition 6: Let us assume a VI market structure, that there is no requlation,
and the IBP has the option to reduce quality when serving ISP A. Then the IBP will
choose

(i) mot to impose quality reduction if wj < w, < wy,

(i) to impose quality reduction if w, < wg and thereby foreclose ISP A.

Note that for endogenously determined w, our result is in contrast to the result
found in Economides (1998a, 1998b). He found that quality reduction would always
be used to foreclose its downstream rivals. In his model, there is only one provider
of an essential facility. Obviously, then, the provider of the essential facility can
benefit from putting its downstream rival at a disadvantage by reducing the quality

of its input. In our setting, though, quality reduction will not exclude the rival from
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being partly active in the market, since the rival provides the integrated IBP with
local access. Then the integrated IBP is better off by providing the rival with high
quality input and extracting profits from the rival through its access price w, than
by foreclosing the LAP’s subsidiary ISP A if w, > wy.

As indicated, one important reason why foreclosure through quality reduction
would not be profitable is that it would prevent the IBP from extracting profits from
the integrated LAP. If so, it could be of interest to examine how any regulation of
wy, for example as a result of international public policy, may affect the IBP’s choice
of quality reduction. As shown in part (ii) of the Proposition, the IBP will prefer
foreclosure if wy is sufficiently low. A low global access price implies that the IBP
earns only a limited price-cost margin on its deliveries to ISP A, and therefore the
IBP is better off by foreclosing ISP A. Note that exclusion of ISP A is not a goal per
se, but only a means to transfer market power from the regulated global bottleneck

to the retail segment.

Domestic public policy

In line with the previous sections, we assume that the regulator can credibly
commit itself to a certain local access price. Then we have that the regulator sets
w; at stage 1, the IBP sets f at stage 2, and ISP B (and ISP A if no foreclosure)

sets quantities at stage 3.

Proposition 7: Let us assume a VI market structure, the IBP has the option to
reduce quality when serving ISP A, and the requlator can set w; in a credible way.
Then

(i) if w, < wé, the requlator sets w; < w} and there is foreclosure,

(i) if wf] <wy < wg, the regulator sets w; > w; and there is no foreclosure, and

(i) if wg < wy < wy, the requlator sets w; < w; and there is no foreclosure.

Due to the IBP’s ability to practice foreclosure the public policy becomes rela-
tively complex. On the one hand, the regulator prefers a low access price w; in order
to increase consumer surplus. On the other hand, a low value of w; implies that the

IBP earns a large price-cost margin on its own sales. This tends to make it more
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profitable for the IBP to practice foreclosure, and thereby to dampen the rivalry
in the end-user market. In Figure 2 we have illustrated our results with a numeri-
cal example. The dotted lines show how the regulator’s choice of wj is affected by
the global access price w,, while the solid lines show how the choice of the LAP is

affected.
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Figure 2: Regulator’s or the LAP’s choice of w; (with o =1, ¢; = ¢, = 0).

By setting a high local access price the regulator makes the alternative to fore-
closure less attractive for the IBP. If w, is sufficiently low, the IBP earns such a
small profit on its sale to the ISP A that it is not possible for the regulator to pre-
vent the IBP from engaging in foreclosure. However, for an intermediate value of
w,y the regulator sets such a high local access price that the IBP decides to switch
from foreclosure to no foreclosure. In fact, for some values of w, the regulator sets
a higher local access price than the one the LAP would have chosen. Finally, if w,
is high the IBP would have chosen no foreclosure anyway. Then the regulator sets
a lower access price than the LAP would have done, as was the case in the previous
section where foreclosure was not an option.

It may seem as a surprise that for intermediate values of w, the regulator sets

a higher local access price than the LAP would set, since a high local access price
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would, all else equal, result in a high price in the output market. However, the
welfare gain from a high access price is that it prevents foreclosure of ISP A and
thereby ensures rivalry between the ISPs in the output market.

International versus domestic public policy

An exogenously determined w, can, as argued above, be interpreted as a price
cap enforced due to international coordination of public policy. A natural question,
then, is how international and domestic public policy interact. Let w; denote the

regulator’s choice of local access price. We have the following result:

Proposition 8: Let us assume a VI market structure, the IBP has the option
to reduce quality when serving ISP A, and the domestic regulator can set w; in a
credible way.

(i) A price cap on w, would reduce domestic welfare if w, < wé, and otherwise
increase domestic welfare.

(i) Owy /0wy = 0 if wy < w),and dwy /0w, < 0 if wy > w).

(i) Op/Owy = 0 if wy < wh, Ap/dwy < 0 if wl, < wy < wy, and Ip/Ow, > 0 if
wy > wy.

A restriction on the global access price would limit the IBP’s ability to extract
profits from the market in question, and thus be beneficial for the domestic country.
We see that this is true if w, > wé. However, an even more restrictive price cap
than that on global access would result in foreclosure and thereby higher price in
the output market. In such a case the domestic country would be worse off than
what would have been the case if there was no price cap on global access. Hence, an
international regulation of global access price increases domestic welfare only if the
global access price is not set below a certain threshold level. See Figure 3, where we
use a numerical example to illustrate how the global access price affects prices and

domestic welfare.
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Figure 3: Welfare and end-user price (with « =1, ¢; = Cqg = 0).

Finally, note the potential conflict between international and domestic public
policy. First, for high values of w, a more restrictive price cap on global access
results in a less restrictive price cap on local access, but end-user price falls. To
understand this, note that a lower global access price shifts profits from the global
access providers to the domestic country. The regulator maximizing domestic welfare
finds it profitable to let both domestic consumers and domestic producers benefit
from the profit shift. It partly offsets the reduction in w, by increasing w;. Second,
and even more detrimental to the interest of the global access provider, for inter-
mediate levels of w, a more restrictive global access price increases both the local
access price and the end-user price. The reason is that the domestic regulator now
responds to a reduction in w, by increasing w; substantially, thereby preventing the
IBP from practicing foreclosure. This suggests that more restrictive international
regulation may be partly offset, and in some cases even more than offset, by less

restrictive domestic regulation.
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7 Some concluding remarks

Domestic telecommunication firms have historically had a very dominant position
in many countries. No surprise, then, that many of these firms have been facing a
restrictive regulatory regime in their home country. In particular, some countries
have enforced a cost-oriented price regulation. In this article we have shown that
such a public policy might be misguided in a situation where inputs are provided
by both local and foreign firms, which is the case in, for example, the market for
Internet. A restrictive policy towards domestic firms may result in a larger profit
potential for foreign firms and thereby a profit shift out of the country. The reverse
may also be true, where a more restrictive international regulation may trigger a less
restrictive domestic public policy and thereby a profit shift to the domestic country.

Since our model is very stylized, there is need for more research to better under-
stand the mechanisms we have drawn attention to. First, it would be of interest to
examine the rivalry between the firms. For example, how would (1) rivalry on the
global access network and (2) price rather then quantity competition in the end-user
market affect the domestic public policy? Second, how would public policy affect
both LAPs’ and IBPs’ decisions to integrate vertically? Third, the potential con-
flict between international and domestic public policy is a topic deserving a more

detailed investigation.

8 References

Clark, D., 1999, ”Implications of Local Loop Technology for Future Industry Struc-
ture”, in S. E. Gillett and I. Vogelsang (eds), Competition, Regulation, and Conver-
gence, LEA, London.

Cremer, J., P. Rey and J. Tirole, 1999, ” Connectivity in the Commercial Inter-
net”, Technical Report, IDEI, Toulouse.

Economides, N., 1998a, ” The incentive for non-price discrimination by an input
monopolist”, International Journal of Industrial Organization, 16, 271-284.

FEconomides, N., 1998b, ”Raising Rivals’ Costs in Complementary Goods Mar-

22



kets: LECs Entering into Long Distance and Microsoft Bundling Internet Ex-
plorer”, Discussion Paper EC 98-03, Stern School of Business, N.Y.U, available
at www.raven.stern.nyu.edu/networks/.

Frieden, R., 1999, ”Last days of the free ride? The Consequences of settlement-
based interconnection for the Internet”, info, 1, 225-238.

Laffont, J.-J. and J. Tirole, 2000, Competition in Telecommunication, The MIT
Press, Cambridge, Massachusetts.

Mackie-Mason, J. and H. Varian, 1994, "FAQs about the Internet”, Journal of
Economics Perspectives, 8, 75-96.

MacKie-Mason, J. and H. Varian, 1995a, ”Pricing Congestible Network Re-
sources”, IEEE Journal of Selected Areas in Communication, available at

www.sims.berkeley.edu/ ~hal/.

MacKie-Mason, J. and H. Varian, 1995b, ”Pricing the Internet”, in B. Kahin
and J. Keller (eds), Public Access to the Internet, Englewood Cliffs, N.J. Pretence
Hall, available at www.sims.berkeley.edu/ ~hal/.

Mackie-Mason, J. and H. Varian, 1997, ” Economic FAQs About the Internet”, in
J. Bailey, and L. McKnight (eds), Internet Economics, MIT Press, Massachusetts.

Milgrom, P., B. Mitchell, and P. Srinagesh, 1999, ”Competitive Effects of In-
ternet Peering Politics”, Presented at the 27th Annual Telecommunications Policy
Research Conference, Washington DC, September 1999.

Shapiro, C. and H. Varian, 1998, Information Rules: A Strategic Guide to the
Network Economy, Harvard Business School Press, Boston, Massachusetts.

Werbach, K., 1997, ”Digital Tornado: the Internet and Telecommunications
Policy”, OPP WP 29/99, FCC.

Varian, H. 1999. ”Market Structure in the Network Age.” Available from

www.sims.berkeley.edu/hal/.

23



9 Appendix

Proof of Proposition 1
We can use equations (14) and (15) to find that wj = (2a+ 5¢; — 2¢,) /7 and

wy = [3(a — ¢;) + 4cg] /7. Inserting this into equations (10) and (11) it follows that

¢ =Q"=2(a— ¢ —¢,)/(70) and ¢ = 0. Q.E.D.

Proof of Proposition 2

(i) The quantities ¢’ and g}; are given by equations (10) and (11). Differentiating
national welfare W from equation (8) with respect to w; implies that w; = 2¢;+w,—a
when dW/dw; = 0. But this value of w; is a violation of the constraint that w; > ¢,
c.f. equation (13). The regulator will therefore set w;, = ¢.

(ii) Inserting w;, = ¢ into equation (14) we have that w; = (a+c¢, —¢) /2.
From equations (10) and (11) it thus follows that ¢ = ¢ = (o — ¢ —¢4) /(65)
and Q" = (a — ¢, — ¢4) /(30). Inserting for the equilibrium values of w;, w; and Q*
from the proof of Proposition 1 into the welfare function (8) we find that with no

regulation welfare is the following:
6

* = @(a — ¢ —¢y)? (26)
In a similar way, we find that with regulation welfare is the following:
6
WH© = m(a —c —c,) (27)

It is thus evident from equations (26) and (27) that W* > W59, Q.E.D.

Proof of Proposition 3
The equilibrium quantities ¢’ and ¢}; are still given by (10) and (11). At the
second stage of this game the IBP takes w; as given, and maximizes m;gp with
respect to w,. This generates the same reaction function w,(w;) as in equation (14).
Inserting this into the welfare function, equation (8), and differentiating with respect
to w; we find that
wf = (a+ e — )2 (28)

when dW/dw, = 0. By comparing equations (15) and (28), and noting that w, >

cg, we see that the regulator prefers a higher price than the domestic monopolist.
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However, w; > wj is not feasible since it would imply that ISP B sells a negative

quantity. Hence, the regulator decides not to regulate w;. Q.E.D.

Proof of Proposition 4

We can use equations (19) and (20) to find that w; = [45(cv — ¢;) + 54¢;] /99 and
wy = [45(a — ¢1) + 54c,] /99, respectively. Inserting into (17) and (18) we thus find
Q* =4(a— ¢ —¢y)/ (1105) and ¢}y = ¢5 = 0.5Q* if ¢, = ¢,. Q.E.D.

Proof of Proposition 5

The reaction function wy(w;) and the equilibrium quantities ¢} and ¢j; are given
from equations (20), (17) and (18), respectively. The regulator maximizes W =
CS+nt p [cf. equation (8)] with respect to w;. Solving this maximization problem

we find that

w} = [35(a — ¢4) + 64¢;] /99. (29)

This price chosen by the regulator is smaller than the one preferred by the LAP
(provided that a — ¢; — ¢, > 0, which is the only interesting case). Q.E.D.

Proof of Proposition 6
Let us first examine the case where w, is endogenous, such that w, = wj. If no
foreclosure, we have the equilibrium values reported in the proof of Proposition 4.
Inserting those into the IBP’s profit function we have that
_ 14
-0 2
7Tfchp = w(a —a—cg)”.

If foreclosure, g4 = 0 and wy is non-existing since there are no deliveries from IBP

to ISP A. Then it can be shown that w} = (a«—c,+¢)/2 and ¢p = (v —cy—c1)/(45).

(30)

Inserting the equilibrium values into the IBP’s profit function, we have that

1
0
Tiop = @(a —a—c)”. (31)
Then it can easily be checked that ©/5% > 7J7% which implies that quality

reduction is not profitable for the IBP.
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Let us now assume that w, is exogenous, i.e., w, < wy. If foreclosure, w, plays

no role. Hence, 7% is as stated above. If no foreclosure, the IBP’s profit for a

given w, is now as follows:

Tinp = (Wy — ¢5)(25(a — 1) + 25 — 2Twy) /(500) (32)
Now it can be shown that m/5% > /-9 if ws < wy < wp. Furthermore, it can

be shown that wé > w;‘. Then we have that w}c;% > ngg if

wy < |50(c — ¢7) + 58¢, — 5V/46(a — ¢; — ¢4) | /108 = (33)

Foreclosure is then profitable for the IBP if w, < wg. Q.E.D.

Proof of Proposition 7
Suppose that the IBP practices foreclosure (f > 0). For a given level of w;, the
IBP’s profit is as follows:

1 2

wlpp(w) = (o~ wi—c,)” (34)

If no foreclosure, for exogenous w, and w; the IBP’s profit is as follows:

_ 1
=0 = o3 [(c + Bwg + 2¢; — Teg — 4wp)a — (Sw, — 4oy + 5eg —w)wy + Y] (35)

where Y = (¢, — dwi)e; + (cq + 2¢1)c, + (4w, — 5cg)w;. Now it can be shown that

= >0

0 e 0 1
Tigp > Tipp if wy < wg < w

> and that w; > wy. Then the relevant value of wy,

where the IBP is indifferent between foreclosure and no foreclosure for a given level

of wy, is the following:

wy = [Ba + ¢g) + 2, — Twy] /10 = wi(wy). (36)

Solving with respect to w;, we have that the IBP is indifferent if the regulator sets

the following local access price:

w, = [5(a + ¢4) + 2¢;, — 10w,] /7 = wi(w,). (37)
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However, for sufficiently high w; the IBP decides not to serve its own subsidiary ISP
B in the no foreclosure situation (no foreclosure of ISP A). From (18) we find that

q < 0if

w; > (a0 +wy — 2, + 1) /2 = wp(wy). (38)

Hence, if foreclosure is not possible at w; = w, then it is not possible at all. By

comparison, we find that wf(w,) < w(w,) if:

wy > (a — ¢ +8¢) /9 = wlh. (39)

For w, < wé, it is thus not possible by setting a high w; to force the IBP not to
foreclosure.

Let us now consider the case where w}, < w, < w¢(w;). We know from Proposition
6 that in such a case the IBP would prefer foreclosure. Given foreclosure, the
regulator maximizes welfare by setting wf = (o — ¢, + 2¢;) /3. The welfare is in this

case equal to:

W0 — %(a —a—c,). (40)

Alternatively, the regulator could set w; so that the IBP prefers no foreclosure
rather than foreclosure. If no foreclosure, we have the welfare specified in (8). If we
now plug in equilibrium quantities from (17) and (18), as well as the critical value of

the local access price to ensure no foreclosure, wy(w,), we have the following welfare:

_ 1
Wwi=0 = 583 [31a” — 620, — 120, + 316} + 12cwy — 5lw) + X|  (41)

where X = —50ac, — 32¢2 4 50¢y¢; 4+ 114c,w,. Then we have that W/=0 > W/>0 if:

[22(a — ¢) — 5lw, + 29¢y|[2(a — ¢;) + 3w, — bey] > 0, (42)

and it can be shown that W7=0 > W/>0 if .
wy < [22(a — a) +29¢,] /51 = wy, (43)
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where wy denotes the value of w, for which the regulator is indifferent between
foreclosure and no foreclosure. Let us compare this critical value with the value
where the IBP is indifferent between foreclosure and no foreclosure, given that the
regulator sets the optimal w; for the case of no foreclosure. We plug the regulator’s
choice of w; in the case of no foreclosure into w§(w;). It can be shown that in such

a case it is unprofitable for the IBP to engage in foreclosure if

wy > (a — ¢+ 2¢4) /3 = wy. (44)

By comparison, we have that wy > wp. It implies that when w, is close to wy, the
regulator would prefer to set a local access price such that the IBP’s best choice is
no foreclosure. Then we have shown that the regulator sets w; so that no foreclosure
occurs for w}, < wy < wg.

Let us now consider the case when wy is close to wy. In this case it can be shown
that if the regulator sets its optimal access price in the case of no foreclosure, the IBP
would choose no foreclosure. Could the regulator then prefer to set w; so low that
the IBP chooses foreclosure? We check for w, = w;. We plug in for the equilibrium
values of ¢4 and ¢g, the regulator’s choice of w; and the IBP’s choice of w,. We find
that the welfare is the following if no foreclosure:

37

Wwi=0 = @(a — ¢ —¢y)? (45)

Alternatively, the regulator could set w; so that the IBP prefers foreclosure rather
than no foreclosure. If foreclosure, we have the welfare specified in (8) for a given
w;. In this case the critical value of the local access price to ensure no foreclosure,

wy, is equal to ¢;. Then we have the following welfare if foreclosure:

1
Wi>0 = g(a — ¢ —cy)? (46)

Now it can easily be shown that W/=% > W />0 This implies that the regulator will
not prefer foreclosure if no regulation of wy, and it follows straightforward that it

would neither prefer foreclosure for lower w,.
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Finally, let us check how w, affects the regulator’s choice of w;. First, let us find
the value of w, where the regulator would set w; identical to the one chosen by the
LAP. wy(w,) denotes the price the regulator has to set to make the IBP indifferent
between foreclosure and no foreclosure, while w;(w,) shown in (19) is the LAP’s

choice of access price given no foreclosure. We have that wf(w,) = w;(w,) if

wy = [(or — )5 + 26¢,] /31 = wl! (47)

However, the LAP’s local access price may increase following a shift from no
foreclosure to foreclosure. Comparing (19), the LAP’s price for a given w, and no
foreclosure, with the LAP’s price if foreclosure (w; = (o« — ¢; — ¢4)/2), we have that

the LAP sets a higher price if foreclosure than if no foreclosure if:

wy > 10¢; + ¢y = wy (48)

It can be shown that w)! < w?. If w)' > w7, then the LAP’s price would increase
as a result of a shift from no foreclosure to foreclosure. If so, we have to compare
wy(wy) with LAP’s price if foreclosure. We have that those two prices are identical

when:

wy = (3o + 1ley + 17¢,) /20 = w)?. (49)

Then we have the following definition of the critical value where the regulator and

the LAP would set identical price:

hl .
N w if wy < 10¢; + ¢4
w, = ‘2 ) - (50)
wy otherwise

It can easily be checked that wy < w; if w, > w} and that wy < w} if w) < w, < wl.
If wy, < w), the IBP practices foreclosure and the LAP would set wf = (a—c,—¢;)/2
and the regulator would set wf = (o — ¢, + 2¢;)/3. Then we have that w; > wy if

a — cg — ¢ > 0, the only interesting case. Q.E.D.

29



Proof of Proposition 8

From Proposition 7 we know that W = -~ (a—¢;—¢,)? when w, < w Jfw, = w?

g’

L (a — ¢ — ¢,)?, which is higher that

ﬁ(

then for w; = wy it can be shown that W = 198ﬂ

the welfare when w, < w .
If wy < w , then the IBP chooses foreclosure and the regulator’s choice of w; is

unaffected by w,. If wg < wy < wy, then we have that

ow;(wy) /0w, = —10/7. (51)

If wy < wy < wy, then it can be shown that the regulator’s choice of w; for a

given wy is the following:

w; (wy) = [135a — The, + 178¢; — 60wy,] /313, (52)

and it follows straight forward that:

O’ (w,)/Ow, = —60,/313. (53)

Finally, let us check how w, affects end-user price. If w, < w , then w, has no
effect on end-user price. If w) < w, < w, then we plug wf into (17) and (18) into

(1) and find that

Op/ow, = —1/7. (54)

If wg < w, < wy, then we plug wy from the proof of Proposition 5 into (17) and
(18) and (17) and (18) into (1) and find that

Op/Ow, =1/3. (55)

Q.E.D.
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