~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Matsushima, Noriaki: Mizuno, Keizo

Conference Paper
Competition for access provision: Infrastructure upgrades
with spillovers

25th European Regional Conference of the International Telecommunications Society (ITS):
"Disruptive Innovation in the ICT Industries: Challenges for European Policy and Business" ,
Brussels, Belgium, 22nd-25th June, 2014

Provided in Cooperation with:

International Telecommunications Society (ITS)

Suggested Citation: Matsushima, Noriaki; Mizuno, Keizo (2014) : Competition for access provision:
Infrastructure upgrades with spillovers, 25th European Regional Conference of the International
Telecommunications Society (ITS): "Disruptive Innovation in the ICT Industries: Challenges

for European Policy and Business" , Brussels, Belgium, 22nd-25th June, 2014, International
Telecommunications Society (ITS), Calgary

This Version is available at:
https://hdl.handle.net/10419/101419

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/101419
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Competition for Access Provision:

Infrastructure Upgrades with Spillovers

Noriaki Matsushima

Institute of Social and Economic Research, Osaka University

Keizo Mizuno*

School of Business Administration, Kwansei Gakuin University

March 2014

Abstract

We examine a game of competition with access provision in which service quality
is endogenously determined through infrastructure upgrades with spillovers. There
are two types of equilibria in the free competition regime. In particular, voluntary
access provision with an access charge higher than access cost occurs in equilibrium,
irrespective of the degree of spillover and the investment cost. However, foreclosure
also occurs in equilibrium when the degree of spillover is small and the investment
cost is low. We also show that, when voluntary access provision occurs in equilib-
rium, access regulation is socially desirable only if the degree of spillover is small
and the investment cost is high. On the contrary, access regulation is socially desir-
able in the broader range of investment cost under foreclosure than under voluntary

access provision.

Keywords: access provision, infrastructure upgrades, foreclosure.
JEL classification: 143, L51, L96.

*Corresponding author: Keizo Mizuno, School of Business Administration, Kwansei Gakuin Uni-
versity, 1-1-155 Uegahara, Nishinomiya, Hyogo 662-8501, Japan. Phone: +81-798-54-6181. E-mail:
kmizuno@kwansei.ac.jp



1 Introduction

Competition in the industries with two-tier structures are abound in real business world.
A typical example is found in telecommunications. In broadband markets, facility-based
firms, such as regional telephone companies or cable TV companies, have their own in-
frastructure to provide Internet services to customers, while service-based firms, such as
independent internet service providers, need to borrow an infrastructure to offer the ser-
vices to their customers. In the retail market (i.e., the Internet market), there exists
competition that includes not only facility-based firms but also service-based firms. In
mobile telephone markets, mobile virtual network operators (MVNO, service-based firms)
need to purchase wholesale mobile services from mobile network operators (MNO, facility-
based firms) to offer mobile services to their end-users. All the firms, including MVNOs
and MNOs, compete each other in the retail market.

The licensing of intellectual property gives another example of competition with two-
tier structures. In the licensing markets, firms that own their IP protected technologies
can be considered as vertically integrated firms (facility-based firms). They decide whether
to license their technologies to potential rival firms and if they license their technologies,
they compete with potential rivals (service-based firms) in the product markets.

There are some studies that examine two-tier competition with several vertically in-
tegrated firms (facility-based firms) and unintegrated downstream firms (service-based
firms). Ordover and Shaffer (2007) address the question of when access to inputs pro-
vided by vertically integrated firms are granted to unintegrated downstream firms. They
find that unintegrated firms are likely to obtain access when the inputs are not hor-
izontally product-differentiated (i.e., homogeneous). Hoffler and Schmidt (2008) asks
if granting access to unintegrated downstream firms always enhances social welfare or
not. They find that if final products supplied in a downstream market are horizontally
product-differentiated, resale (i.e., granting access to unintegrated downstream firms) can

be harmful to consumers. Brito and Pereira (2009) (2010) examine endogenous determi-



nation of horizontal product differentiation and show the possibility of high retail prices
and the realization of asymmetric product differentiation in the sense that both an en-
trant and an access provider prefer a closer substitute of products between them than
the substitute of products between the entrant and the other vertically integrated firm.
Bourreau et al (2011) find that competition between vertically integrated firms can induce
the input to be priced at its marginal cost.

This paper provides different characteristics of competition with two-tier structures.
Our paper sheds light on three aspects. First, in our model, vertically integrated firms
or facility-based firms have an opportunity to invest for the upgrades of inputs, called
"infrastructure upgrades". Second, through the infrastructure upgrades, the quality of
services supplied downstream is endogenously determined, which means that the rela-
tive magnitude of vertical product differentiation among services provided by all firms is
endogenously determined. Third, we introduce spillovers generated from infrastructure
upgrades, which benefits downstream firms or service-based firms. In sum, we examine
a game of competition with access provision in which service quality is endogenously
determined through infrastructure upgrades with spillovers.

Featuring these three aspects, the analysis of this paper firstly shows that there are
two types of equilibria in the free competition regime; the asymmetric access provision
equilibrium and the foreclosure equilibrium. In the asymmetric access provision equilib-
rium, competition between facility-based firms generates voluntary access provision with
the access price that is higher than access cost, irrespective of the degree of spillover and
the investment cost. However, the foreclosure equilibrium can also occur when the degree
of spillover is small and the investment cost is low. In the foreclosure equilibrium, each of
the facility-based firms has a high incentive to invest for infrastructure upgrades. How-
ever, there is a room for the facility-based firms to obtain a higher profit under foreclosure
than under the asymmetric access provision equilibrium without a high investment when

the degree of spillover is not small.



Since voluntary access provision occurs in equilibrium, one may wonder whether gov-
ernment intervention is necessarily required when there is competition in the wholesale
market. Thus, we investigate the effect of government intervention in competition with
two-tier structures. As an example of government intervention, we examine symmetric
access requlation. Symmetric access regulation means that all facility-based firms are
obliged to grant access to service-based firms with the access charge set by a regulator if
downstream firms require access to their infrastructure (or inputs). We show that, when
voluntary access provision occurs in equilibrium, access regulation is socially desirable
only if the degree of spillover is small and the investment cost is high. On the con-
trary, access regulation is socially desirable in the broader range of investment cost under
foreclosure than under voluntary access provision, because the negative effect of foreclo-
sure overcomes the positive effect of the improvement of service quality by infrastructure
upgrades under foreclosure.

These results are explained by the strategic use of access charge and spillovers from in-
frastructure upgrades. When the facility-based firms can use access charge as their strate-
gic tool, they can expect access profit by attracting service-based firms with spillovers from
infrastructure upgrades. Hence, they have a good incentive to invest in infrastructure.
Corresponding with this large investment, the access charge higher than access cost can be
set by the facility-based firms. Thus, the facility-based firms face competition for access
provision in the sense that they try to attract service-based firms to obtain access profit.

On the other hand, when access charge is set by a regulator, a facility-based firm’s
incentive to invest in infrastructure is weak, because the regulator would like to set ac-
cess charge as low as possible to induce severe competition downstream from a welfare
viewpoint. In that case, spillovers work negatively to facility-based firms as a "free rider
effect". Hence, in the access regulation regime, facility-based firms have low incentive to
invest in infrastructure. This small investment for infrastructure upgrades can deteriorate

social welfare in the access regulation regime.



The effect of spillovers generated from infrastructure upgrades in broadband markets
is examined by Foros (2004) and Kotakorpi (2006)." They show that access regulation
can be harmful for consumers through small investments, depending on the degree of
spillover. Although the logic behind their results is very similar to ours, they do not
examine the competitive effect between facility-based firms. Our paper extends their
analysis by including competition between facility-based firms, and shows that the free
rider effect generated from spillovers are overcome by competition for access provision
with large investments and high access charges.

The results derived above are reminiscent of R&D race. In fact, free competition
for access provision in our model is similar to preemption game in the R&D race with
licensing in the sense that the benefits generated from investment for upgrades in goods are
likely to be imitated by other players.? Hori and Mizuno (2006) and Vareda and Hoernig
(2010) apply R&D race game to investments for infrastructure upgrades in an open access
environment and investigate whether preemption effect works in that environment.> They
show that preemption effect emerges even when access seekers have an opportunity to
follow their leaders. As in this paper, access charges set by facility-based firms play a
critical role to motivate investments for infrastructure upgrades.

Section 2 presents the framework of the model. Section 3 derives the equilibrium
in the free competition regime. Section 4 gives the equilibrium in the access regulation
regime and compare it with the equilibrium in the free competition regime from a welfare

perspective.

!The effect of spillovers are also examined in R&D literature. See d’Aspremont and Jacquemin (1988)
and Suzumura (1992). They focus on the comparison of peformance between noncooperative R&D and
cooperative R&D.

2See Fudenberg and Tirole (1985) for preemption effect in the R&D race. Katz and Shapiro (1987)
show that licensing or imitation makes R&D innovation to be minor when compared to the case without
licensing or imitation.

3See Cambini and Jiang (2009) for a survey regarding access regularion and investment in broadband
markets.



2 The Model

We examine a simple game of competition with access provision. We call it a free com-
petition regime, because there is no government intervention in the game. There are two
vertically related sectors in a market: an upstream sector and a downstream sector. The
two sectors are required to supply services to consumers in a market. There are three
firms; firm 1, firm 2, and firm S. Each of firm 1 and firm 2, called facility-based firms,
has its own infrastructure upstream and a production facility downstream (i.e., they are
vertically integrated firms). On the other hand, firm S, called a service-based firm, is a
potential entrant that has only a production facility downstream. To serve consumers,
firm S needs to access the infrastructure owned by a facility-based firm k (k = 1 or 2) by
paying an access charge ay set by firm k.

One unit of input (i.e., the output produced upstream) produces one unit of output
downstream. The (constant) marginal access cost that a facility-based firm owes for
firm S’s access is the same as its marginal production cost upstream and, for analytical
simplicity, they are assumed to be zero. In addition, we assume that the production cost
downstream for each firm is zero.

Each of facility-based firms 1 and 2 has an opportunity for investment to upgrade
its own infrastructure. Investment to upgrade infrastructure has a demand-enhancing
effect because it improves the quality of services sold in the downstream sector. A typical
example would be an investment in broadband technology such as FTTH that upgrades
the speed or quality of information searches, which would thereby enhance consumer
demand.

Following Foros (2004), we employ a linear inverse demand system with vertically
differentiated services by supposing that heterogeneous consumers with unit demand for a

service are uniformly distributed.? The inverse demand function for service j (j = 1,2, S)

4See Foros (2004) for the derivation of this linear inverse demand system for a broadband Internet
market. The formulation is originally based on Katz and Shapiro (1985).



is given by

pj:Uj_Qa (.]:1727S)

where v; represents the quality of service j and Q = ¢1 + ¢2 + gs. Here, vjs (j =1,2,.5)

are given by, respectively,

V] = Q-+ 2Ty, Vg =+ T2, Vg = O+ ST

where « is a positive constant that represents consumers’ willingness-to-pay for a service
supplied using an old infrastructure, xj (k = 1,2) is the investment level of firm k, and s
is the degree of spillover from a facility-based firm k that firm S accesses. Note that the
quality of services sold in the downstream sector is endogenously determined by facility-
based firms’ investments for infrastructure upgrades upstream. For analytical simplicity,
we assume the same investment technology between firms 1 and 2, which is represented
by I(zy) = (yz1) /2 where (> 0) is an investment cost parameter of firms 1 and 2.

The degree of spillover s reflects the relative inferiority or superiority of firm S’s retail
production technology as compared to that of the facility-based firm that firm S accesses.
In the following analysis, we restrict our attention to the case in which firm S’s retail
production technology is inferior (or at best identical) to that of the facility-based firm;
s € [0, 1] (as will be shown in the analysis, however, the qualitative results derived for the
case in which s > 1 are the same as those for the case in which s = 1). This restriction is
justified by a facility-based firm’s better position to obtain the knowledge of an upgraded
infrastructure and swiftly adjust its retail production technology to the infrastructure.

To preserve analytical tractability, we make the following assumptions.
Assumptions (i) ax > 0 (k= 1,2), (ii) v > 3/2.

Assumption (i) is set for practical reasons.” In fact, it is rare for access charges to be

set below the marginal access cost in the real policy arena. Assumption (ii) guarantees

®This assumption also appears in Foros (2004).



an interior solution for facility-based firms’ profit-maximizing investment problems, as
ensured in the following analysis.

The timing of the game is as follows. In the first stage, the two facility-based firms,
firm 1 and firm 2, simultaneously invest for infrastructure upgrades. In the second stage,
observing the levels of investments x; and x5, firm 1 and firm 2 simultaneously set the
access charges a; and a, independently. In the third stage, firm S decides whether to
enter the market by accessing one of facility-based firms.® For analytical simplicity, we
assume that firm S’s entry sunk cost is zero. In the fourth stage, all active firms compete

downstream in a Cournot fashion.

3 Equilibria in the Free Competition Regime

3.1 Preliminary results: the equilibria in the third and fourth

stages

The profit function of a facility-based firm k that firm S accesses and that of a facility-

based firm [ that firm S does not access are represented by, respectively,
Tk = PrQe + arqs — I(xy), m =pg — I(x;), k,01=1,2, and k # L.
The profit function of firm S if it enters the market is represented by
Ts = (ps — ar)qs,

and mg = 0 if firm S does not enter the market.
When firm S enters the market in the third stage, a triopoly appears in the fourth

stage. Solving the maximization problems of the firms, we have the equilibrium quantities

6We assume that when the access conditions offered by firm 1 and firm 2 are indifferent from firm S’s
point of view, the probability of access to each of facility-based firms is 0.5.



as follows:

a+ap+ (3—8)z, — 1y

qr(ak; 2k, 21) = 1 : (1)
a2, 1) = a+ap — (1:s)xk+3xl, @)
g5 (g p, 21) = a — 3ag — (14— 3s)mk—ml7 3)
Qlag: op,11) = 3a—ak+(z+ s)xk—i-xl. (4)

where ¢i(.) (q(.)) is the equilibrium quantity of firm £ that firm S accesses (does not
access). Note that if the degree of spillover s is larger than 1/3, the investment of firm k
increases the quantity of firm S. From (1) to (4), the equilibrium profits in the subgame

of the fourth stage are given by

Tr(ar; T, 21) = (qr(ar; 2x, 21))° + angs(an; o, ©1) — I(2), (5)
mi(ak; Tr, 1) = (qu(ar; wkafﬂl)f — I(xy), (6)
ms(an; zx, 21) = (gs(an; oy, 1)) (7)

If firm S does not enter the market, a duopoly appears in the fourth stage. The

equilibrium quantities supplied by firms 1 and 2 are given by

a+2x1—x2 ~ CY+2.’E2—.T1

Efl(iUl,fL’z) = 3 ) Q2($1,$2) = 3 . (8)

From (8), the equilibrium profits in the subgame are given by
T1(21,9) = (@ (21, 2))" = I(31), Ta(w1,@2) = (Ga(m1, 72))" — I (m2).

In the third stage, firm S determines whether to enter the market by accessing the
infrastructure of firm k (k = 1 or 2) with the payment of ay. The necessary and sufficient

conditions for firm S to enter the market and to access firm k are given by gs(ag; xg, ;) > 0



and gs(ax; Tg, x1) > qs(a; 2k, ), which we can rewrite as follows:

IN

Qg

% %(a—(l—?)s)mk—ml), 9)

IN

ay — STy, a; — sx;. (10)

(9) means that the access charge set by firm & must be small so that firm S can obtain
a positive profit in the market. (10) implies that firm & needs to offer a more profitable
condition to firm S than firm [ does. Note that the profitability condition for firm S in-
cludes not only the access charge but also the spillover effect generated from infrastructure
upgrades.

Firm S does not enter the market when gg(a; xx, ;) < 0. That is,

(o —(1=3s)xp — 1), k,l=1,2, and k # L.

3.2 The equilibrium access charges

We examine the second stage in which two facility-based firms, firm 1 and firm 2, set their
own access charges a; and ay independently. The access charge set by each of the two
facility-based firms depends not only on the rival’s access charge but also on the levels of
the investment for infrastructure upgrades z; and x5 determined in the first stage.

The equilibrium access charges in the second stage are characterized as shown in the

following lemma.

Lemma 1 The equilibrium access charges ai and a} in the second stage of the game are

characterized as follows:

a, = a; =0 ifxp = xy,

ap = s(xpx—uz;) anda; =0 if x> xy, k,1=1,2, and k # L.

"In the expression of equilibrium here, a} = s(z —x;) (k, { =1, 2, and k # ) ignores the small
reduction of e. More precisely, the equilibrium access charge is written as af = s (2, — x;) — €.

9



Moreover, when s < 7/9, a—(7 —9s) x1—x3 < 0 and a— (7 — 9s) xo—x1 < 0, there are
also pairs of equilibrium access charges (a},a}) where aj > @ = 3 (o — (1 — 3s) 2, — m1)

(k,1 =1, 2, k #1) in addition to those mentioned above.
Proof. See Appendix. m

The result of Lemma 1 is very intuitive. When the investment levels are the same
between firm 1 and firm 2, each of them has an incentive to reduce its access charge to
attract firm S. As a result, access charge is equal to access cost in equilibrium, and each
of facility-based firms is accessed by firm S with probability 0.5. This result is similar to
the one in Bertrand price competition with homogeneous goods. When the investment of
one firm is larger than the other’s, that firm can set access charge to be higher than access
cost and is accessed by firm S with probability 1. Then, the firm with larger investment
can obtain a positive access profit.

We should note that when s < 7/9, there are two kinds of equilibrium access charge if
the total investments of two facility-based firms are large (i.e., if « — (7 —9s)x; — 22 < 0
and o — (7 —9s) z3 — 1 < 0). In particular, if a facility-based firm j sets a high access
charge (i.e., aj > @;) to foreclose firm S, the other facility-based firm i also has an incentive
to set a high access charge (i.e., aj > @;). These access pricing strategies are reasonable
as long as the total investments are large. In fact, this is the case especially when the
degree of spillover s is small. On the contrary, if a facility-based firm sets a low access
charge to attract firm S and obtain access profit, the other facility-based firm also has an
incentive to lower its access charge. As a result, competition for access provision occurs

even when the total investments are large.

3.3 Strategic investments and access provision

In the first stage, firms 1 and 2 invest for infrastructure upgrades. The following propo-

sition states the characterization of the equilibria in the free competition regime.

10



Proposition 1 In the free competition regime, there exist two types of equilibrium; an
asymmelric access provision equilibrium (AAPE) and a foreclosure equilibrium (FE) (or
a constrained foreclosure equilibrium (CFE)). Each of the equilibria is characterized as
follows:

(i) In AAPE, a;APE = 5 (m,’;AAPE — x;‘AAPE) and a;*PE =0 (k,1 = 1,2, and k # 1),
and the equilibrium investments are 2P = @ (s,7) /O (s,7) and 2;A4PF = W (s,7) /O (s,7)

where

O (s,y) = (87—(9—45))(87—(3—5)2)—3(25—1—1)(1—5)(3—5),
D(s,7) = 2(4(83+2s)y—(3—13)(6—3s—45%)),

U(s,7) = 2a(3—35)(4y—(6—13)).

Then, firm k is accessed by firm S with probability 1. This equilibrium occurs irrespective
of the degree of s and the investment cost.

(ii) In FE, 2;'F = 23F'F = (4a)) / (97 — 4) and firm S does not enter the market. This
equilibrium occurs only when v < 4 (1 — s).

(i) In CFE, z;°YE = 23¢FF = o/ (8 — 9s) and firm S does not enter the market.

This equilibrium occurs only when v > 4(1 —s) and 2 (s,v) < 0 where

Q(s,7) =7(7-95)" — (87— (3—5)*) (18(1 —5)> — 7).

Proof. See Appendix. m
[Insert Figures 1, 2, and 3]

According to Proposition 1, two types of equilibrium are possible in the free competi-

tion regime. The first type of equilibrium is the asymmetric access provision equilibrium

11



(AAPE), and the second type is the foreclosure equilibrium (FE) (or the constrained fore-
closure equilibrium (CFE)).

In the AAPE, one of the facility-based firms is accessed by firm S, and that firm can
achieve the access charge that is higher than access cost. Thus, the firm accessed by firm
S can obtain access profit. The basis for this positive access profit is the fact that the
right to determine access charge is delegated to the facility-based firms. Furthermore,
because of the opportunity to obtain access profit, each of the facility-based firms has a
high incentive to invest for the improvement of service quality or infrastructure upgrades.®
In particular, the firm that is accessed by firm S achieves more investment than the other
firm does as a result of access provision competition. Thus, there is a quality difference
between the two facility-based firms. Figure 1 allows us to ensure this characteristic of
the AAPE.

In Figure 1, firm 1’s (firm 2’s, respectively) reaction function is the solid parts of
2t (x9) and 232 (12) (23! (71) and 232 (z1), respectively). As shown in the figure, each
firm’s reaction function is discontinuous at z; (i = 1,2). This is because the opportunity
for each firm to be accessed by firm S and the access charge set in the second stage depends
on the relative magnitude of investment between firm 1 and firm 2. See firm 1’s reaction
function, for example. We note that z3! (x5) stands more left than z3}? (z3). This implies
that firm 1 has more incentive to invest when it is accessed by firm S than when it is not
accessed. This is the same for firm 2. When a facility-based firm can use access charge
as its strategic tool, it can expect access profit by attracting a service-based firm that
gains benefits of spillovers from infrastructure upgrades. Hence, it has a good incentive
to invest in infrastructure. Corresponding with this large investment, the access charge
higher than access cost can be set by the facility-based firm. From the result of the large
investment with spillovers, we can state that the facility-based firms face competition for

access provision in the sense that they try to attract a service-based firm to obtain access

8See Figure 6-1 that appears later.
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profit.

Another type of equilibrium is the FE. Figure 2 depicts the foreclosure equilibrium
(FE). The foreclosure equilibrium occurs when the investment cost is low and the degree
of spillover is small, i.e., v < 4(1 — s). When the investment cost is low, each of firm 1
and firm 2 has a high incentive to invest for infrastructure upgrades. Moreover, when the
degree of spillover is small, the benefit for firm S is small. Then, firm S loses an incentive
to enter the market in that case. However, if the degree of spillover is sufficiently small,
each of the facility-based firms may not need to highly invest to foreclose firm S, because
a sufficiently small spillover itself creates a large foreclosure effect.” Moreover, there is a
room for the facility-based firms to obtain a higher profit under foreclosure than under
the AAPE with excessive investment even when the degree of spillover is not small. We
define this situation as the constrained foreclosure equilibrium (CFE).

Figure 3 describes all the equilibria in the free competition regime in (s,~) plane.
When the degree of spillover s is large, the AAPE definitely occurs in the free competition
regime. In other words, voluntary access provision definitely occurs in the free competition

regime. Otherwise, both of the AAPE and the FE (or the CFE) are possible.

4 Comparison with the Access Regulation Regime

4.1 Access regulation equilibria

In the free competition regime, there is competition for access provision among the facility-
based firms. The competition for access provision induces voluntary access provision
with a low access charge and a high investment for the improvement of service quality
or infrastructure upgrades. Thus, the natural question is: do we need a government
intervention when there is competition for access provision in the industries with two-tier

structures? To answer this basic question, we prepare a government intervention regime

9See Figure 6-2 regarding this point.
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in this subsection. In the next subsection, we compare it with the free competition regime
and evaluate the necessity of a government intervention.

The government intervention we examine in this paper is access regulation. The
access requlation regime is defined as the regime in which a benevolent regulator can
determine the access charge instead of a facility-based firm. This regime is prevalent in
telecommunications worldwide especially in the Internet or broadband markets. Moreover,
in this paper, we assume that the access regulation is symmetric, i.e., the regulated access
charge is applied to each of two facility-based firm if it is accessed by firm S.1°

The equilibria in the third and fourth stages are the same as in the free competi-
tion regime. In the second stage, the regulator sets the cost-based access charge, i.e.,
a* (= a} = a}) = 0, under the assumption that a > 0, as long as « is sufficiently large.

Then, the following proposition characterizes the equilibria in the access regulation regime.

Proposition 2 In the access regulation equilibria (ARE), aiAFE = a3AEE = (0 and

where

!L‘TARE — m;ARE c [IL‘ARB, xARA:|

ARB _ B-s)a and ARA — S .
8y —(3—135)(2—23) 8y —3(2—1s)

Then, each of facility-based firms are accessed by firm S with probability 0.5, irrespective

of the degree of spillover and the investment cost.

Proof. See Appendix. m

[Insert Figure 4]

10Tn reality, asymmetric access regulation, also known as "dominant regulation", has still been prevalent
in telecommunications of many countries. However, since the market share of bypass gradually expands
as a reslut of the technology progress or technology convergence, some countries try to adopt symmetric
access regulation. For example, Belgium now sets out to adopt symmetric access regulation.

'When « is not sufficiently large but still firms obtain positive profits, there is a posibility that the
regulator sets the access charge that is higher than access cost when the degree of spillover is small. See
Mizuno and Yoshino (2012) on this point.

14



Figure 4 shows the access regulation equilibria (ARE). Contrary to Figure 1, we see

ARA

that each firm’s reaction function is continuous but is kinked at 21%4 and 278 (i = 1, 2).
As stated in Section 3.3, this is because the opportunity for each of facility-based firms
to be accessed by firm S depends on the relative magnitude of investment between firm
1 and firm 2. Interestingly, firm 1’s reaction function stands more left when x; > z5
than when z; < x5. This implies that firm 1 has less incentive to invest when it is
accessed by firm S than when it is not accessed. This is the same for firm 2. When access
charge is set to access cost by the regulator, a facility-based firm’s incentive to invest in
infrastructure is weak, because the regulator sets access charge as low as possible to induce
severe competition downstream from a welfare perspective. In that case, spillovers work
negatively to facility-based firms as a "free rider effect". Hence, in the access regulation
regime, facility-based firms have little incentive to invest in infrastructure. Then, this
small investment in infrastructure upgrades may deteriorate social welfare in the access
regulation regime.

We also note that there are multiple equilibrium investments in the access regulation

regime. It is easy to guess that the equilibrium with the highest investment achieves the

highest social welfare.

4.2 Welfare comparison

Now we compare the equilibria in the free competition regime and those in the access
regulation regime from a welfare perspective. In our model, social welfare, SW, is defined

as the sum of consumer surplus and firms’ profits. Specifically, consumer surplus is given

by

CS = (Q(aa 3:217 x?))2,

and firm k’s profit, my, is given in section 2.

[Insert Figures 5-1 and 5-2]
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Figures 5-1 and 5-2 shows the welfare comparison between the equilibria in the free
competition regime and the ARE in the access regulation regime with the setting of
a = 50.!12. In the access competition regime, the ARE with the highest investment are
taken to be compared with the equilibria in the free competition regime. Moreover, since
the two types of equilibrium ( i.e., the AAPE and the FE (or the CFE)) appear in the
free competition regime, we compare each of the equilibria with the ARE separately.

First, we compare the AAPE and the ARE. See Figure 5-1. One critical finding is
that social welfare in the AAPE is higher than that in the ARE in the substantial parts
of the range of (s,v). This is because the facility-based firms have a higher incentive for
the improvement of service quality in the AAPE, which in turn induces a larger consumer
surplus in the AAPE than in the ARE. However, when the degree of spillover is small and
the investment cost is high, the ARE can achieve a higher welfare than the AAPE. Here,
we should note that consumer surplus is larger in the AAPE than in the ARE in that
situation, because the production expansion effect generated from more investment works
in the AAPE. However, firms’ total profits are larger in the ARE than in the AAPE. This
comes mainly from firm S’s large profit in the ARE, because the access charge is low in
the ARE. Then, since the effect of large total profits overcomes that of small consumer
surplus, the ARE achieves larger social welfare than the APPE does.

According to Figure 5-2, when the FE, not the CFE; is realized in the free competition
regime, social welfare in the FE is always higher than that in the ARE. There are two
factors that explain this phenomenon. First, each of two facility-based firms can achieve
higher profits in the free competition regime than in the access regulation regime. This
is because the firms can use two strategic tools (i.e., access charge and investment) in the
free competition regime, whereas they use only one tool (i.e., investment) in the access
regulation regime. Moreover, the firms’ higher market power also increases their profits in

the FE. Second, two facility-based firms have more incentive to invest for infrastructure

12The qualitative features of the welfare comparison does not change when the value of o changes.
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upgrades in the free competition regime than in the access regulation regime. The second
factor alleviates smaller production (i.e., smaller consumer surplus) generated from their
market power in the FE.

On the other hand, when the CFE is realized in the free competition regime, the
negative effect of foreclosure overcomes the positive effect of the improvement of service
quality. In fact, although the investment incentive of the facility-based firms is excessive
from its profit-maximizing viewpoint, it is not sufficiently high to induce higher consumer
welfare than that in the ARE. Hence, social welfare in the CFE is lower than that in the
ARE. In that case, we need access regulation from a welfare perspective.

These characteristics are summarized in the following proposition.

Proposition 3 (i) Social welfare in the access regulation equilibrium is higher than that
in the asymmetric access provision equilibrium only when the degree of spillover is small
and the investment cost is high.

(1) Social welfare in the access regulation equilibrium is lower than that in the fore-
closure equilibrium.

(iii) When the constrained foreclosure equilibrium is realized, access requlation is de-

sirable from a welfare perspective.

[Insert Figures 6-1 and 6-2]

Figure 6-1 (6-2, respectively) shows the comparison of the levels of investment between
the AAPE (the FE or the CFE, respectively) and the ARE. These figures allow us to

ensure the intuitive reasoning of welfare comparison.

5 Concluding Remarks

In this paper, competition with two-tier structures have been examined. Specifically, we

have examined a game of competition with access provision in which service quality is
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endogenously determined through infrastructure upgrades with spillovers.

The analysis of this paper has shown that two types of equilibria are possible in the
free competition regime; the asymmetric access provision equilibrium and the foreclosure
equilibrium. In the asymmetric access provision equilibrium, competition between facility-
based firms induces voluntary access provision with the access price that is higher than
access cost, irrespective of the degree of spillover and the investment cost. However,
the foreclosure equilibrium can also occur when the degree of spillover is small and the
investment cost is low. In the foreclosure equilibrium, each of the facility-based firms has
a high incentive to invest for infrastructure upgrades. However, there is a room for the
facility-based firms to obtain a higher profit under foreclosure than under the asymmetric
access provision equilibrium with excessive investment when the degree of spillover is not
small.

We have also investigated the effect of symmetric access regulation. It has been shown
that, when voluntary access provision occurs in equilibrium, access regulation is socially
desirable only if the degree of spillover is small and the investment cost is high. On the
contrary, access regulation is socially desirable in the broader range of investment cost
under foreclosure than under voluntary access provision, because the negative effect of

foreclosure overcomes the appositive effect of the improvement of service quality.

Appendix

The proof of Lemma 1

First, we characterize the access pricing strategy of each of facility-based firms. In the
following, we examine firm 1’s strategy, for example.

Under a pair of investments, (z1, z3), set in the first stage, firm 1 decides the optimal
access charge, aj, taking ay as given. There are two cases.

(i) When ay > @y = (o — (1 — 3s) zy — 1) /3, firm S does not access firm 2’s infrastruc-
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ture to enter the market.

Then, if firm 1 offers a; > @ = (o — (1 — 3s) x1 — x2) /3, firm S does not enter the
market. Thus, firm 1’s profit is 7 (z1,z2). On the contrary, if firm 1 offers a; < @,
firm S enters the market by accessing firm 1’s infrastructure, firm 1’s profit becomes

m1(ay; x1, x2). Maximizing 7 (aq; 1, ) with respect to a; gives

1
all = T (Ba+ (1 +5s) z1 — 3x2) . (11)

Because 1 (aq;x1,2) is continuos in ay, we have 7y(ay;xy,x2) = 71(x1,22). Moreover,

because 71 (ay; 1, 2) is concave in a;, we have
mi(adt; w1, m9) > (<) Ti(21, 22) if and only if @ < (>)a;.
Furthermore, we have
al < (>)ay if and only if a — (7 — 9s) 21 — 25 > (<) 0.

That is, if a — (7 — 9s) 21 — 22 > 0, a} = a}. Otherwise, a} € [a;, 00).
(ii)) When ay < @s, firm S has an incentive to access firm 2’s infrastructure to enter the
market. In this case, firm 1’s access pricing strategy depends on whether the profit with

firm S’s access is greater than the profit without it. In particular, we have

a’{ = CLQ—S(.CEQ—ZL'l) ifwl(al;xl,xg)>7r1(a2;:v1,:1;2),

a; € (ag—s(wy—x1),00) if mi(ar; 21, 22) < mi(ag; z1,72), and

a} remains unchanged if 1 (aq; €1, 2) = 71 (as; 1, x2). Here, we can ensure that 7y (ay; z1, x2) >
m1(ag; 1, 22) as long as a; < @ and ay < ay. The reason is as follows: first of all, we

ensure that m(af;x1,x9) > m(ag; z1,22) at af = ag — s (ry — x1). Then, if firm 1 raises
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access charge from aj for a small amount, i.e., a} + ¢, its profit becomes 71 (ag; 1, 2),
which is smaller than m(a};x1,z2).> Therefore, a} = as — s (13 — x1) for any ay < .
This means that two facility-based firms face price competition for access provision.

Summarizing the discussions of (i) and (ii), firm 1’s access pricing strategy is stated
as follows: when ay > @, a} = aM if a — (7 —9s) 21 — 20 > 0. ff a — (7 — 9s) 21 — 29 < 0,
aj € [a;,00). On the other hand, when ay < @y, af = ay — s (22 — 21). Firm 2’s access
pricing strategy is the same as that of firm 1 by changing the identification number of
firm.

Given each firm’s access pricing strategy, we can derive Nash equilibria in the second
stage. In fact, the equilibria depends on the level of s. First, we examine the case in
which s < 7/9. In this case, there are four cases, depending on the levels of z; and xs.
Casel: the case in which « — (7 — 9s)z; — 22 > 0 and a — (7 — 9s) x5 — 1 > 0.

In this case, when z; = x4, the Nash equilibrium access charges are {af,a’} = {0,0}.
When z1 > xy, {a], a3} = {s(x; — x2),0}. When xy < x9, {a], a3} = {0, s (2 — z1)}.
Case2: the case in which a — (7 —9s) 21 — 23 <0 and o — (7 — 9s) 2 — 21 < 0.

In this case, when x; = x5, the Nash equilibrium access charges are {aj,a3} = {0,0}
or any pair of a; and as such that a; > @; and ay > @s. When z; > o, {a}, a5} =
{s(x1 — z3),0} or any pair of a; and as such that a; > @, and ay > @. When z; < o,
{a3,a5} = {0, s (z2 — z1)} any pair of a; and as such that a; > @; and ay > as.

Case3: the case in which a« — (7 —9s) 21 — 22 > 0 and a — (7 — 9s) zy — 1 < 0.

Note that only the region where z; < x5 is relevant in this case. Then, {a}, a3} =
{0, s (xg — x1)}.

Case4: the case in which a« — (7 —9s) 21 — 22 <0 and a — (7 — 9s) 23 — 1 > 0.

Note that only the region where x; > x5 is relevant in this case. Then, {a},a}} =
{s(z1 — z2),0}.

Second, we examine the case in which s > 7/9. In this case, only the case in which

IBThe details of the proof are available on request.
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a—(7—9s)x;—z2 > 0and a— (7 — 9s) xza—z1 > 0 (i.e., Case 1) is relevant as long as s €
[0,1]. Then, when x; = z9, {a},a’} = {0,0}. When z; > x9, {a},a3} = {s(z1 —x2),0}.
When z1 < x9, {a},a3} = {0, s (z2 — z1)}.

Summarizing these results gives the characterization stated in the text. W

The proof of Proposition 1

We examine the investment game between two facility-based firms in the first stage.
Following the result of Lemma 1, we examine the two cases, depending on the level of s.
Case 1: the case in which s > 7/9.

Let us derive each of facility-based firms’ reaction functions. In the following, we
examine firm 1’s reaction function. Because the access charges set in the second stage
depends on the relative magnitude between x, and z, we need to examine three cases to
derive firm 1’s reaction function; the cases in which z; < x2, 1 > 22, and x; = 5.

First, we examine the case in which z; < x. In this case, a} = s (xy — x1) and a} = 0,

and firm 2 is accessed by firm S. Thus, firm 1’s problem is formulated as follows:

Mx?l‘ 1 (21, 22) = (q1(ad; 21, 22))° — I(21).

Using (2), we derive the following reaction function.

(3—3)(04—:@).
87— (3—s)"

(12)

1t (1) =
and the associated profit when z, is taken as given is:

1 [, *1 _ v (o — 1’2)2
T (a1, @) = 25— (- 3)2)' (13)

Second, we examine the case in which z; > z,. In this case, af = s(z; — z2) and
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ay =0, and firm 1 is accessed by firm S. Thus, firm 1’s problem is formulated as follows:

Maz 73 (w1, 22) = (q1(a}; 71, 22))° + ajgs(ai; 21, w2) — I(w1).
1

Using (1) and (3), we derive the following reaction function.

(3+2s)0z—3(25+1)(1—5)x2'

7’ (22) = 8y — (9 — 4s)

(14)

and the associated profit when z, is taken as given is:

Q (z2)
(8 — (9 —45))*’

ﬂ-% (l'f,l‘g) = A

(15)

where

Q(zy) = (y+5s)a— (A1 +s)y+5(2—17s)) )"
+25 ((3+2s)ar— (87 — (65° — 75+ 6)) 1)
X ((4y—(6—s)a—(4(1—3s)y— (35— 145+ 6)) 2)

—27((3425)a—3(2s+1) (1 — ) x3)°.

Finally, when 27 = x, a5 = a7 = 0, and each of firms 1 and 2 is accessed by firm S
with probability 0.5. Then, the associated profit when x is taken as given is:

73 (w3, 22) = 1—16 (a+ (2= s)m) = 5 (2)". (16)

Then, firm 1’s reaction function is derived by choosing the investment that corresponds
with the highest profit among (13), (15), and (16) when x5 is taken as given. We explain
the procedure for the comparison of the profits.

We denote the intersection of (14) and x; = x5 by A and the associated investment
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by 24 (= z{' = #{). Similarly, we denote the intersection of (12) and z; = 25 by B and

the associated investment by z (= zf = 2%). Using (14) and (12), we ensure that

A (34 2s) B (3—3s)a A B
_ _ d 24> 28,
8y (652 —7516) " 8 -(B3-s) (25 0T 77

We compare 71 (23!, 25) and 73 (232, 25) at 23" First of all, we note that 73 (272, 24') =
3 (A A *1 — 1
73 (2f,24') because 32 = z1. On the other hand, because z}' = argmaxw} (z1,z2),

1 (51 1 : 14 A A - 1A
w1 (xf, 22) > mi (21, 22) for any z1. Now, since 25! # a1 at 23, we obtain that 7} (23!, z4') >

3 (xf, :z:‘24) =72 (xl ,x2) Hence, at :z:2 , firm 1’s optimal strategy is z1!

Similarly, we compare 7} (21!, 22) and 73 (z}%, 22) at 2F. We note that n{ (27, 25) =
73 (2, 2%) because 23! = zP. On the other hand, because z}? = argmaxm? (z1,22),

2 (42 2
73 (212, 29) > 72 (w1,79) for any z;. Now, since x32 # xP at 28, we obtain that

2 (%2 B 3( B By _ ~1(.%1 B B ) : :
T (ml ,xg) > (901 ,xg) = m (901 ,x2) Hence, at z7, firm 1’s optimal strategy is
*2
7.

These results indicate that there exists T € (2, #3) such that m{ (23!, Z5) = 73 (232, Z5).

Therefore, firm 1’s reaction function, (R1.1), is derived as follows:

B=sllazzs) g1 00 > 7
R )>< ) -
3+2s)a—3(2s+1)(1—s)x ~
5 (013 2 for o < Ts.

Firm 2’s reaction function, (R2.1), is similarly derived by replacing the identification of

firms. That is,

m for z; > 7
(B21) & (@) =1 | )87 <(3 )>< ) o
3+2s)a—3(2s+1)(1—s)x ~
5 (012 L for 1 < 7.

These reaction functions of firm 1 and firm 2 are drawn in Figure 1. Then, there are
two equilibria in the figure; E*A4PEl and prAAPE2  prAAPEL (prAAPE2 - pegnectively)

represents the asymmetric access provision equilibria (AAPE) in which firm 1 (firm 2,
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respectively) is accessed by firm S with probability 1. Simple calculations show that the

investments in the equilibria are

pHAAPEL ®(s,7) and z*AAPEL _ v (s,7) at FrAAPEL
' O(s;y) ~ 7 O (s,7) ’
pHAAPE2 v (s,7) and z*AAPE2 _ ®(s,7) at [rAAPE2
' O(s,y) 7 O (s,7) ’

where

O (s,y) = (8’}/—(9—48))(8’}/—(3—8)2)—3(28+1)(1—S)(3—S),
P(s,7) = 2(4(B+2s)7—(3—135)(6—3s—45%)),

U(s,y) = 2a(3—35)(4y—(6—13)).

Case 2: the case in which s < 7/9.
According to Lemma 1, two kinds of equilibrium access charges (i.e., the access charge
that allows access by firm S and the one that induces the foreclosure of firm S) can occur

if 1 and x5 satisfy the following conditions:
a—(7T—9s)xy —xg <0and a — (7 —9s)zy — 1 <0 (17)

In other words, there are two equilibrium paths when the constraints of (17) are met.
When both the two conditions of (17) are not met, only the access charge that allows
access by firm S occurs in equilibrium.

Here, we note that if 7—9s <1 (i.e., s > 2/3) , the pair of (x1,x2) that satisfies (17)
exhibits z1 + 22 > «, which is irrelevant for our analysis. Thus, for s € [2/3, 7/9), the
equilibrium analysis is the same as in the case in which s > 7/9. Therefore, we restrict
our attention to the case in which s € [0, 2/3) in the following analysis.

As in the case in which s > 7/9, we examine firm 1’s strategy to set z1. Given z,, firm

1 needs to expect firm 2’s access pricing strategy if it chooses x; that meets the constraints
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of (17). In particular, firm 1 has the following two types of expectation regarding firm 2’s
access pricing strategy under (17). We denote firm 1’s threshold investment that meets
both the two conditions of (17) given x5 by 77 (x2).

Ezxpectation 1 (E1) : If firm 1 sets 7 > 77 (z2), firm 2 offers the access charge that
induces the foreclosure of firm S, i.e., a5 > as.

Ezpectation 2 (E2) : If firm 1 sets x; > 77 (x2), firm 2 offers the access charge that
allows access by firm S, i.e., a3 = s (zy — 21) or a3 = 0, depending on x;Zz;.

We should note that, given one of the above expectations, firm 1’s optimal strategy
must satisfy the following condition to be a candidate of the subgame perfect equilibrium
strategies: given xs, firm 1’s profit under its optimal strategy should be no less than
its profit that would be made if firm 2 offered the other equilibrium access charge. For
example, suppose that firm 1’s optimal strategy under E1 is x} (x2)|5, and the associ-
ated profit is 7 (27 (22),22)|5,;. Then, we need to check whether m; (27 (22),22)| 5 >
71 (2} (x2) , T2)| gy, Where my (27 (z2) ,22)| 5, 1s firm 1’s profit given xs and x} (x3)|g, un-
der E2. This is a deviation check that is critical to derive a subgame perfect equilibrium
when there are multiple equilibrium in a subgame.

Before developing the analysis, we prepare firm 1’s reaction function under foreclosure.

In fact, firm 1’s reaction function under foreclosure is

4 (v — xg)
*4 _ 18
and the associated profit is
4 (, #4 Y (o — 952)2
™ (:Cl 7372) = 97 —g (19)

if the constraints of (17) are not binding.
The equilibrium under FE1

At first, we analyze the equilibrium under E1. Under E1, given xo, firm 2 offers a} > a3
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if firm 1 sets z1 > 77 (z3), whereas firm 2 offers aj = s (z2 — 1) or a3 = 0 if firm 1 sets
x1 < @1 (22). The procedure to derive firm 1’s optimal investment strategy is as follows:
First, we derive its optimal strategy for any z, by ignoring the other expectation, E2.
Second, we examine a deviation check which is necessary for E2 deviation.

Depending on the locations of x3! (x5) and x3? (x4), we have the following cases:

Case E1-1: when 2 < 23 < g% or v > 3 (25 +5) (1 — ).

In this case, both z}!' (zo) and 232 (z2) are inside of a — (7 —9s)x; — z2 = 0 and

o — (7—9s)xy — 1 = 0 (see Figures 1 and 2). For xy > g%, if firm 1 chooses from the

a=22 p*l(x5) is optimal. On the other hand, if it

range of x; < Ty (z2) where 77 (72) = $=52,

chooses from the range of z; > T7 (2), the optimal strategy depends on whether z}* (z5)
is on the right of a — (7 — 9s) #; — x5 = 0. The condition for z}* (z5) to be on the right

of o — (7T—9s)z1 —x3=01is

9y — 8

<T7T—9sory<4(l—s). (20)

Then, it is easy to see that when (20) is met, 7} (234, z5) > 71 (23}, 23). Therefore, under

(20), x}* (22) is firm 1’s optimal strategy for x5 > g%

On the contrary, when v > 4 (1 — s), 2}* (z3) is not on the right of a— (7 — 9s) 1 —z5 =

0, we need to check the following condition;

>_
m1 (23, 22) z?ﬁ(xl (z2) ,22),

which is equivalent to
>

g2(57vo ZZO

where Q (s,7) = v (7 — 9s)* — (8y - (83— 3)2) (18(1— s)? — 7). Then, when Q (s,7) >
(<) 0, 27! (z2) (T1 (x2)) is firm 1’s optimal strategy.

For 75 < x5 < it is obvious that z}' (z2) is optimal. For o < Ty, it is also

&
8—9s”

obvious that z3}2 () is optimal.
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Case E1-2: when 27 < g&- <zf ory <3(2s+5)(1—s)andy>2(3—s)(1—s).

=>_a

=579, Following

In this case, we need to examine two cases, depending on whether Z,
the similar procedure as in Case E1-1, we ensure that firm 1’s optimal strategy is the
same as in Case E1-1.

Case E1-3: when g <af <zf ory <2(3—35)(1— s).
Firm 1’s optimal strategy is the same as in Case E1-1, except that z3! (z2) does not

appear in this case.

Summarizing the above discussion, firm 1’s optimal strategy under E1 is characterized

a 14
8—9s 7

as follows: For x5 >

ot (25) when Q(s,y) > 0,

1(x2) wheny > 4(1—s) and Q(s,v) <0,

it (29) wheny < 4(1—5).

Next, we examine the deviation check, i.e., whether firm 1’s optimal strategy derived
above is not violated by the deviation that is generated by the other expectation, E2.
(i) Consider the case when x3! (z5) is optimal. Suppose that firm 2 offers a} = s (x5 — 23! (22)).1°
Then, because firm 1 is not accessed by firm S, firm 1’s profit is exactly the same as
71 (23!, x5). Hence, 3! (z2) is definitely firm 1’s optimal strategy.
(ii) Consider the case when 77 (z2) is optimal. Since T7 (z3) < z2, firm 2 offers a} =
s (xg — 71 (x2)) under E2. We derive firm 1’s production and the associated profit under
E2. In fact, we have

5(1—35)(a—x2)

@1 (a5; 1 (22) , 02) = 2(T—95) and

(25 (1 — s)? — 27) (o — )
4(7 —9s)° '

Wl(a’;;x_l(xQ) amQ) =

“For xy < g%, it is obvious that z}! (x2) or 232 (z2) is optimal.

5Note that since 23! (z2) < 2, firm 2 is certainly acccessed by firm S.
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On the other hand, firm 1’s profit under E1 is

(18 (1-— 3)2 - 7) (o — x2)2
2(7—9s)? '

(T (22) , 22) =

Then, we ensure that 7 (77 (z2) ,x2) > m1(ad; T1 (z3) , 22) for all s € [0, 1]. Hence, T7 (3)
is definitely firm 1’s optimal strategy.
(iii) Consider the case when z3* (x5) is optimal. Since z3* (z3) < @9, firm 2 offers a} =

s (zo — 23* (z)) under E2. We derive firm 1’s production and the associated profit under

E2. We have
- (v +4(1-s)) (a—m)
qi(az; 27" (v2) ,2) = 1(97 — 8) , and
((97 +4(1— s))2 — 1287) (o — x2)2.

mi(ag; 1 (22) ,72) = 1697 — 87

On the other hand, firm 1’s profit under E1 is

4 (x4 7 (a—a,)°
m (:Ul 7$2) = W

Then, we ensure that mf (23%, 2) > m1(a}; 23* (22) , 22) as long as v > 3 (1 —s). Hence,

23t (x5) is definitely firm 1’s optimal strategy.

From (i), (ii), and (iii), all of x3! (z2), T1 (z2), and z%* (z3) are firm 1’s optimal strategy

in the relevant ranges of (s, ) for x5 > g5%;. For x5 <

_a

-, we can see that 3% (z2) can

be also an optimal strategy in the relevant range of (s, 7).

Similarly, we ensure that firm 2’s optimal strategy is the same as that of firm 1.
Therefore, under E1, the subgame perfect equilibrium is derived as shown in Figure 3.
The equilibrium under E2

Under E2, given x, firm 2 offers a} = s(x2 — 1) or ay = 0 irrespective of whether
firm 1 sets z; > 77 (x2) or not. Hence, firm 1’s optimal strategy is (R1.1).

Let us check the deviation that is generated by E1. To do so, we need to examine three
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cases, depending on the locations of 23! (z3) and 232 (z3), as is shown in the analysis of the
equilibrium under E1. The result is that (R1.1) cannot be blocked out by the deviation
that is generated by E1. Therefore, (R1.1) is certainly firm 1’s optimal strategy.

We also ensure that firm 2’s optimal strategy is (R2.1). Therefore, under E2, the
subgame perfect equilibrium is characterized by AAPE for all ranges of (s, 7).

Figure 3 summarizes all equilibria in terms of (s,~). W

The proof of Proposition 2

The equilibria in the third and fourth stages are the same as in the free competition

regime. Then, in the second stage, the regulator sets the cost-based access charge, i.e.,

a* (= aj = a}) = 0, under the assumption that a > 0, as long as « is sufficiently large.
We examine the investment game between firms 1 and 2 in Stage 1. With a* = 0, the

conditions under which firm S accesses firm 1 are

1 > 29 and o — (1 — 3s) xy — x5 > 0. (21)

Similarly, the conditions under which firm S accesses firm 1 are

o > 21 and o — (1 — 3s) x9 — 7 > 0. (22)

The conditions under which firm S does not enter the market are

a—(1-3s)xy —xg <0and a — (1 —3s)zy — 21 <O0. (23)

Then, we can verify that (23) is irrelevant, because z1 + x5 > « for any s € [0, 1]. Hence,
the foreclosure cannot occur in the access regulation regime.
We examine firm 1’s strategy for investment. There are three cases; 1 < x9, T1 > 9,

and x; = x9.
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When z; < xs, firm 1 is accessed by firm S. Then, firm 1’s problem is

2

]\{cam T (1), 1) = (qf‘R(a;; Ty, )" — I(z1).
Using (2), we derive the following reaction function.
. S(a—(1+s)x
:L,IARl (1'2) — ( ( ) 2) . (24)

8y —9
and the associated profit when z, is taken as given is:

yla—(1+s)a)"
2(8y—-9)

TARL (x]fARl,xg) _

(25)

When x; > x5, firm 1 is accessed by firm S. Thus, firm 1’s problem is formulated as
follows:

. 2
]\i?:r T (21, 22) = (¢ (af; 21, 22))” — I(21).

Using (1), we derive the following reaction function.

3—8)(a—x
xTARQ (:L‘Q) _ ( ) ( 22) ) (26)
87— (3—s)
and the associated profit when x5 is taken as given is:
AR2 (, *AR2 7 (a— 552)2
™ (xl » L ) - (27)

2 (8’)/ - (3— 8)2)2,

Finally, when z; = x9, firm 1 is accessed by firm S with probability 0.5. Then, the

associated profit when x5 is taken as given is:

W{‘RS (€9, 29) = 1_16 (a+(2—5) x2)2 — % (1;2)2. (28)

Firm 1’s reaction function is derived by choosing the investment level that corresponds
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with the highest profit among (25), (27), and (28) when z, is taken as given.

We denote the intersection of x*ARl (x2) and z; = =5 by AAR and the associated

ARA (— gARA _ pARA), <AR2 (

investment by x Similarly, we denote the intersection of z7} T3)

and 1 = x5 by B and the associated investment by z4%F (= 28 = 14'#5). Using (24)

and (26), we ensure that

3a B—s)a
ARA ARB ARA _ ..ARB
x =—— = ,and x > P,

8y —3(2—s) 8y —(3—s)(2—19)
We also ensure that the slope of 23472 (z,) is steeper than that of x34F! (z5) in (21, z2)
plane. Then, it is apparent that, at 474 (or x5 > x2'f4), firm 1’s optimal strategy is x{f*!
because firm 1 cannot take z;4% (x5) at z4%4 (or 2o > 244). From the same reason, at

23 BB (or zy < x4 BP), firm 1’s optimal strategy is 2742, For z, € (xARBaxARA)’ firm 1
can take neither 2345 (z,) or 23472 (2,), so it sets z; = xo.

In sum, firm 1’s reaction function, (ARR1), is derived as follows:

3(a—(1+s)z2) 3o
8v—9 8v—3(2—s)’

(ARRl) iCTAR (372) = T for % < Ty < 87%((1275)’

B=s)(a—z3) _ (3=s)a
8y—(3—s)? 8y—(3—s)(2—s)"

for o >

for x5 <

Firm 2’s reaction function, (ARR2), is similarly derived by replacing the identification of

firms. That is,

3(a—(14s)z1) 3a
8v—9 —3(2—5) ’
(ARRQ) .T;AR (xl) = x1 for % <z <
(3—s)(a—z1)
8y—(3—9)*

for z; > 3

8y— 3(2 s)?
(3—s)a
for o1 < S

These reaction functions of firm 1 and firm 2 are drawn in Figure 4. From the figure,

we ensure that there are multiple equilibria with 23477 = g3ARF € [pARB - pARA] in the

*ARE __ _xARE
= a5

access regulation regime. In each of the equilibria, aj = 0, and each of
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facility-based firms are accessed by firm S with probability 0.5, irrespective of the degree

of spillover and the investment cost. W
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Figure 1 Asymmetric Access Provision Equilibrium (AAPE)

Note:
Firm 1’s (firm 2’s, respectively) reaction function is the solid parts of x| 1(xz) and

x7(x,) (x3'(x;) and x,*(x,), respectively).



Figure 2 Foreclosure Equilibrium (FE) and Constrained Foreclosure
Equilibrium (CFE)

Note:

Firm 1’s (firm 2’s, respectively) reaction functionis x,*(x,) (x.*(x,), respectively).



AAPE

W | o]

Figure 3 Equilibria in the Free Competition Regime

Notes:
AAPE: Asymmetric Access Provision Equilibrium
FE: Foreclosure Equilibrium

CFE: Constrained Foreclosure Equilibrium

Qfs,7)=7(7-9s) ~ 87 ~(3-s) J18(1-s) ~7)



Figure 4 Access Regulation Equilibrium (ARE)

Note:

Firm 1’s (firm 2’s, respectively) reaction function is the solid parts of x,**

x5 (x,) (5" (x) and x

_ ARB __ ARA
(x, =x, for x e[xl , X

*AR2

2

(xl), respectively) and x, =x, for x,

], respectively).

1

[

(x,) and

ARB _ARA ]

s Xy
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Figure 5-1 Welfare Comparison between AAPE and ARE

SW(AAPE): Social welfare in the asymmetric access provision equilibrium

SW(ARE): Social welfare in the access regulation equilibrium
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Figure 5-2 Welfare Comparison between FE (or CFE) and ARE

Notes:
SW(FE): Social welfare in the foreclosure equilibrium
SW(CFE): Social welfare in the constrained foreclosure equilibrium

SW(ARE): Social welfare in the access regulation equilibrium
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Notes:

Figure 6-1 Investment Comparison between AAPE and ARE

TX(AAPE): Total investment in the asymmetric access provision equilibrium
TX(ARE): Total investment in the access regulation equilibrium
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Figure 6-2 Investment Comparison between FE (or CFE) and ARE

Notes:
TX(FE): Total investment in the foreclosure equilibrium
TX(CFE): Total investment in the constrained foreclosure equilibrium

TX(ARE): Total investment in the access regulation equilibrium



