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ABSTRACT

Should uniform pricing contraints be imposed on entrants?*
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decisions. Imposed on the incumbent only, it may distort his coverage
decision downward to avoid duopoly entry. If also imposed on entrants it
increases the likelihood that entry leads to independent monopolies rather
than competition. A large enough coverage constraint on the incumbent re-
establishes incentives for duopoly entry, but may lead to higher prices.
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1 INTRODUCTION

We analyze some of the effects of universal service obligations (USOs, see e.g.
Laffont and Tirole 2000 and Crandall and Waverman 2000) on outcomes in
regulated markets with new entry. Common USOs are restrictions on pricing,
such as uniform pricing (UP, or non-discrimination) constraints, and coverage
constraints. It has been noted in the literature that a UP constraint makes
the incumbent firm less aggressive (Armstrong and Vickers 1993, Anton et al.
2002, Choné et al. 2000, Valletti et al. 2002), which has the direct effect of
making entry more attractive. Nevertheless, since the incumbent will choose his
coverage taking into account any constraint imposed on him, it is possible that
the entrant’s coverage and total coverage are smaller with the UP constraint
than without it (Valletti et al. 2002). Therefore the competitive effects of UP
constraints are ambiguous.

In this paper we add a further dimension by studying the imposition of a
UP constraint on the entrant as well as on the incumbent. We also consider the
interplay of these constraints with coverage constraints and price caps. Price
discrimination arises for two reasons in our model. First, since local markets
differ in service costs and demand, firms would prefer to charge a different price
in each market. Typically, low-cost and high-density “urban markets” would
be served at lower prices than high-cost and low-density “rural markets”. Uni-
form pricing constraints have been introduced precisely to create more “equity”
between urban and rural areas, with the urban ones subsidizing service provi-
sion in the rural ones. Second, firms would like to charge higher prices where
they are monopolists, and lower prices where they compete. A uniform pricing

constraint links these markets strategically and has a decisive influence on the



market equilibrium.

Our findings are as follows: If the entrant has the possibility of entering
vacant high-cost areas or low-cost duopoly areas, he may choose to enter in one
or both types of areas. This choice depends on the incumbent’s coverage, and
on whether the entrant himself is subject to a uniform pricing constraint.

In particular, entry only in high-cost areas can be optimal. The incumbent
may not cover these markets so as not to drive up even further his average cost
and uniform price. As a result, these markets can be served by the entrant
at higher uniform or non-uniform prices. In the latter case duopoly entry is
unaffected since the entrant can charge localized prices and compete effectively
where he enters. On the other hand, a uniform pricing constraint makes it
rather less attractive to compete in duopoly markets: First, the entrant cannot
choose low prices because of the losses he would inflict on his high-cost areas.
Second, if he charges high prices then he will not be a very effective competitor
in the duopoly markets. In other words, the uniform pricing constraint turns
the entrant into a “fat cat” (Fudenberg and Tirole 1984) if he decides to acquire
monopoly areas of his own.?

The cable TV and broadband market in Portugal serves as an illustration
of this outcome. The telecom incumbent’s daughter TVCabo covers mainly
the large and populous areas of Lisbon and Porto. The surrounding areas and
many towns in the rural interior of Portugal are covered by competitors such

as Cabovisao, using their own networks. Since the overlap of cable networks

2 A referee proposed the term “skim milk skimming” for this result, as opposed to “cream
skimming”. In fact there may still be enough cream left in half-skimmed milk to make cats

fat!



is minimal, there seems to exist a clear decision by TVCabo’s competitors to

avoid duplication of infrastructure and competition with the incumbent.

A further result is that if the incumbent firm is subject to a uniform pricing
constraint but free to choose its coverage, it may choose a smaller coverage to
avoid subsequent duopoly entry. This is an instance of the “lean and hungry
look” in Fudenberg and Tirole (1984). The necessary reduction in coverage is
smaller if the entrant is subject to a uniform pricing constraint, therefore this
constraint again reduces competitive entry.

The latter effect can be avoided by imposing a sufficiently large coverage
constraint on the incumbent. But even though duopoly entry will follow, it is
not clear whether equilibrium prices will increase or decrease since the direct

effect of the incumbent’s higher coverage is a price rise.

A previous version of this paper, Hoernig (2002), made use of a completely
different model. Goods were homogeneous, and therefore all pricing equilibria
only existed in mixed strategies. Nevertheless, the main results were quite
similar, which attests to their robustness.

Valletti, Hoernig and Barros (2002) is closest to the spirit of this paper in
that it also analyses the relation between the coverage choices by an incumbent
firm and an entrant. In their model local markets are characterized by different
fixed costs of being served, but are otherwise identical. Since the entrant does
not cover monopoly areas and chooses the same price in all locations, a uniform
price on the entrant does not impose any binding constraint. Therefore the
questions which we ask in this paper cannot be dealt with in their framework.
The same is true of Bourguignon and Yanez (2003).

Foros and Kind (2003) consider the choice of coverage by various firms,



but only construct symmetric scenarios. All firms enter and choose (identical)
coverage simultaneously, and all are either subject to coverage or uniform pricing
constraints or not.

In Faulhaber and Hogendorn (2000) firms enter sequentially, so that firms
entering later will cover smaller areas. On the other hand, they do not assume
any uniform pricing or coverage constraints. Therefore local markets are com-
pletely independent from each other, and entry occurs simply based on market

size.

The structure of the paper is as follows: Section 2 introduces the model and
Section 3 sets out the monopoly case. Section 4 considers pricing best responses
and equilibrium outcomes, given coverage. Section 5 analyses entry decisions

and coverage choice with and without uniform pricing. Section 6 concludes.

2 THE MODEL

We consider a game with three stages, between an incumbent (firm 1) and an
entrant (firm 2). In the first and second stage the incumbent and the entrant
choose their coverage, respectively. In the third stage both firms compete in
prices. We assume that for all levels of coverage there exists a unique pure
strategy Nash equilibrium in prices in this stage, which implies that services are
sufficiently differentiated.> The equilibrium concept adopted is subgame-perfect
equilibrium. Firms’ choices at all three stages may be subject to regulatory con-

straints such as uniform pricing constraints, price caps or a minimum coverage.

30nly mixed equilibria exist in pricing games if goods are sufficiently homogeneous and at

least one firm has captive (monopoly) clients.



There is a continuum of local markets = € [0,2™**]. There are sunk costs
F; >0,i=1,2, of entry in each local market. We assume that the entrant will
in equilibrium enter in some markets, therefore we neglect non-local entry costs.
In the first stage the incumbent covers an area [0, m;], while in the second stage
the entrant will cover areas [0,1] and (my, ms], with 0 <1 <my and ms > m;.
For prices p1,p2 > 0 profits in local market = are ; (p;, p;,x), @ # j. They

obey the following assumptions:

1. m; is twice continuously differentiable in (p;, p;, x);

2. for all (p;,z), m; is quasi-concave in p; and has a unique finite maximizer

(or local best response) r; (p;, x);
3. m; increases in p; (87;/0p; > 0), and d*m;/Op;Op; > 0;

4. ; decreases in x (Om;/Ox < 0), and marginal profits are increasing in a:

0?m;/0p;0x > 0.

The first two assumptions are made for technical convenience. Assumption 3
means that firms’ prices are strategic complements, and that each firm’s profits
increase if the other firm increases its price.

Assumption 4 implies that locations are ordered by their profitability, and
that firms would like to charge higher prices in high-cost areas: dr;/dz > 0.
This assumption captures the effects of increasing cost of providing services in
rural areas, as well as any change in demand composition.

The advantage of introducing assumptions only on profits, and not on de-
mand and cost separately, is two-fold: On the one hand all effects, especially

when they are contradictory, are neatly summarized. And on the other hand,



all assumptions on demand and cost will have to be translated into proper-
ties of profits anyway. Directly postulating the properties of profits makes the
economic intuition much clearer.

Profits in markets where only one firm is present are defined by 7., (p;, z) =
limy,, o0 i (i, pj, ). Local monopoly prices are pj* (z) = lim,, oo 75 (pj, 7).
From the above assumptions it follows that for all p; > 0 we have m;p, (p;, ) >
i (Pis Py, ), OMim /Op; > Om;/Op; and p* (x) > 15 (pj,x). We assume that

Omim /0 < 0 and 9%y, /Op;0z > 0, the latter of which implies Opi/0z > 0.4
The constraints that can be imposed by the regulator are the following:
e Uniform prices P, and Ps;
e minimum coverage constraints m; and Mmo;
e a price cap p.

We will denote uniform prices and their corresponding best responses R
and R, with capital letters in order to distinguish them easily from local prices
and best responses. The coverage constraint on the incumbent can also be
interpreted as historical coverage, in the sense that the incumbent is already
covering these markets when the possibility of entry arises. In this case we

assume that he is obliged to continue to serve these markets.

3 MONOPOLY

We first discuss the monopoly outcome without entry, which will serve as the
background for the entry analysis. Furthermore, it will demonstrate how pricing

and coverage choice interact.

4The definition of 7y, only leads to weak inequalities.



Suppose that the incumbent is covering a area [0, m;], and is not subject to
a uniform pricing constraint. If he charges price p; () at location x, his profits

are

HiVUP {p1},m1) = /m1 T1m (p1 (2) ,x) dx — mq Fy. (1)
0

Monopoly prices pj* (z) are chosen independently at each location, and the
profit-maximizing coverage YUY (F) is determined by

oTIVUP

T = M (P1" (70 0) ) — 1 =0 (2)

Given the assumption d7m1,,/0z < 0 there is a unique optimal coverage m V"

if any markets are covered at all.
If on the other hand the incumbent is subject to a uniform pricing constraint

then his profits are
my
H?P(Pl,ml):/ 7T1m(P1,ZL'>d$—m1F1.
0

Given coverage mq, the profit-maximizing uniform monopoly price PJ™ (mq) is

given by

8HUP mi m
1 :/ aﬁlm (Pl (ml)’x)d:c:& (3)
0

0P Op1
where we assume the second-order condition foml (827r1m / 8p%) dx < 0 to hold.
If my > 0 this condition implies that there is an x (m1) € (0,m1), increasing
in mq, such that dmy,,/0p1 is negative for z < z(m1) (P (m1) is too high
for these markets), and positive for © > x (my) (P (my) is too low). Similar
results hold in all situations where uniform prices are involved. Furthermore,
Pj™ (my) is increasing in my since

dP{™ (m;) _ 0m1 (0%7 11 /Op102) dx: -0 )
dmy foml (0271 /Op?) dz ’




i.e. the inclusion of further high-cost areas drives up the uniform price. Profit-
maximizing coverage Y " (F}) is defined by

onv”

877’11

= T1m (P (M{F) ,m{") = iy =0. (5)

Since for m{* (Fy) > 0, the price P (ml{P) charged in the last market is too

low, we have
Fy =1y (PP (V) Ml < mpm (07 (7)), M),

and profit-maximizing coverage will be smaller than under non-uniform pricing:

my " (F) <y’ U7 ().

Now let us assume that a price cap p is imposed. If it is not binding then
nothing changes. On the other hand, if it is binding then the corresponding

profit-maximizing coverage m{ ¢ (Fy,p) will be determined by the condition
Tim (ﬁv ﬁlfc) - =0 (6)

Since either p < pJ* or p < PJ"*, coverage i ¢ (F}, p) is smaller than m{Y? (Fy)
or mY{ P (Fy). Clearly m{“ (Fy,p) is increasing in p while the price cap is bind-

ing.

The effect of a binding coverage constraint m, > 1 depends on whether a
uniform pricing constraint is imposed simultaneously or not. If none is imposed
then prices are unaffected, since they continue to be determined separately for
each local market. Under uniform pricing, though, (4) shows that the resulting
uniform price will be higher the higher the coverage constraint. As a result,
previously covered consumers suffer a reduction in their surplus. Naturally this

effect does not exist if a binding price cap is imposed, too.



These results make clear that there is an intimate relationship between cov-
erage and price setting: The uniform price strategically links all covered markets
if it is not “cut off” by a price cap. As we will see in the following sections,
this effect is magnified when entry occurs since entry in some markets affects

all other markets subject to the uniform price.

4 THE PRICING EQUILIBRIUM

In this section we analyze the Nash pricing equilibria, taking both firms’ coverage
as given. We will first consider each firm’s profit maximization problem and best
response, and then determine the effects of coverage on the equilibrium prices.

Here and in the following the incumbent will always be subject to a uniform

pricing constraint, while the entrant may or may not.

4.1 Price best responses

Assume that the entrant sets prices ps () in the markets where he is present.
These are equal to a uniform price P; if a uniform pricing constraint is imposed.
The incumbent’s profits are

mi

1
II; (Ph{pz};l,ml):/ 71 (P, p2 (x),w)dﬂﬁ-i-/ Tim (P, z) de —mq F.
0 1

(7)

Maximizing IT; with respect to P; leads to the first-order condition

81_[1 187'1'1 /m1 67T1m
— = — (P1,p2 () ,x)dx +
0P, 03p1(1p2() ) !

10



which defines the uniform price best response Ry ({p2};l,m1), assuming that a

unique maximizer exists. We assume that the sufficient second-order condition

o1 L o2 PPy
| G @ [ IR A< )
1 1 1

is fulfilled. Since prices are strategic complements, R; increases if the entrant’s
price or prices increase. For example, if the entrant is subject to a uniform price
then

021, b oim
= —— (P, P d 1
8P18P2 0 aplapz ( 1, 2a$> $>0, ( 0)

and OR /0P, = — (32H1/8p15‘p2) / (32H1/8p%). The corresponding result with
non-uniform pricing by the entrant follows if p () is raised on a set of locations
of positive mass. The comparative statics of the best response R with respect

to coverage are determined by the following cross-derivatives:

%11, 0m O 1m

8P18[ - 8_p1(P15p2(l)7l)7 8])1 (Plal)<0’ (11)
%11,
2P.om Tim (P1,m1) >0

Thus the incumbent’s best response Ry (Pa,l,mq) is increasing in {pa} or P,

and it is increasing in m; and decreasing in [. Clearly it is independent of ma.

The entrant’s profits are

!
H2({P2},P1;lam1,m2)=/o w2 (p2 (2), P1,7) dz (12)

+/ Tom (P2 () ,2) dx — (1 + mg —my) Fy

mi

If the entrant is not subject to a uniform pricing constraint then all his best
responses are local,

Ory (ro (Pr;z), P, x)

8p2 = 0 lf T € [0; l] ) (13)
Omom (5" (), 1) = 0ifz € (my,ms]. (14)
Op2

11



As noted above, 3 is increasing in P;, and both ry and p3* are increasing in x.
They do not depend on equilibrium coverage.
If the entrant is subject to a uniform pricing constraint, his best response is

of the form P, = Ry (Py,1,m1, my) and defined by the first-order condition

81__[2 t 671'2

— = —= (P, P, d
0P, 0 5’])2( 2 F1,2) m—’_/ml

m2 87T2m

Op2

(Py,z)dx = 0. (15)

Again we assume that a unique maximizer exists and that the sufficient second-

order condition

82H2 ! 8271'2 me 82772m
— = — (P, P, d ——— (P d 0 16
ar? ), o2 (P2, P, @) $+/ o (P2, x) dw < (16)

my
holds. Then in “cheap” markets with z = 0 the uniform price P is too high,
while in “costly” markets with & ~ mq this price is too low. There are markets
24 =27 (P, P) and ™ = 2™ (Py) such that this price is locally optimal, with
Omy (P27P1,acd) /Op2 = 0 and Oy, (P, 2™) /Op2 = 0. We have 0 < 2™ < mag,
and 2™ < x¢ because 9%my/0p1Ops > 0. As discussed above for the monopoly
case then Omy/0Opy = 0 if © = 24, and gy, /Opa = 0 if 2 = 2™,

The entrant’s best response Rj is increasing in P; and meo:

821__[2 ! 6271'2
= —— (P, P, d 0 if I >0
OPLOP, 0 31713102( > 1,35) v (1 ” )’
621_[2 a’ﬂ'gm
(’)Pgamz 8]92 ( 2’m2) >0 ( 7)

The effects of [ and m, on the entrant’s best response depend on the relative
size of the duopoly and monopoly areas. The necessary information is contained

in % and ™. Thus

2
I
SPQ;Z = Z—Z(P27P1,l)§0 if 20 2 (18)
0211 OTom .
Wafnl - 8;2 (Pyymy) 20 ifa™=my (19)

12



The significance of these results is the following: If the duopoly area [0,1] is
very small compared to the monopoly area (mq,mg] then P, is very close to the
monopoly uniform price. This implies that z¢ > 2™ > m; > [ and therefore
OR5/0l < 0 and ORy/0m4 > 0. On the other hand, if the duopoly area is large
as compared to the monopoly area then 2™ < z¢ < I < my, with 9Ry/0l > 0

and Ry /0m; < 0.

4.2 The effects of coverage on equilibrium prices

We make use an innovative technique to perform comparative statics on the
pricing Nash equilibrium. It is equally well-suited to deal with both the cases
of uniform and non-uniform pricing by the entrant. Instead of applying the
inverse function theorem to the set of first-order conditions as usual, we use the
first-order condition of one firm and the best response(s) of the other firm.

Under uniform pricing on both firms, the incumbent’s equilibrium price Py
is defined by

l@ﬂ'l

mla
TlUP(Pfalamlvm2): _(Pl*aR2(P1*7lam17m2)ax)dx+/ Tim (Pl*vx)dxzo
l

0 Op1
(20)

If no uniform pricing is imposed on the entrant then the corresponding condition
is

TNUP (p* _ L om * * "0 m e —
1 ( 1> amlva)_ apl (P17r2(P1ax)ax)dx+ : apl (Plvx)dx_o
0

(21a)

Finally, the entrant’s uniform price is defined by

l m
0 2 0mom | pu
T2<P;7l7m17m2): (9772 <P2*7R1 (P;,l,ml),.f)d.'ﬂ—f—/ 52 (PQ,.’L‘)d.’E:O,
0o Up2 my P2

(22)

13



and by

l m
Oy 2 Omy

TEC (P, 1, my,ms) = — (Py,p,x dm—l—/ di
2 ( 2 1 2) 0 3p2< 2 ) - (91)2

(Py,x)de =0 (23)

if a price cap is imposed on the incumbent.
From these conditions we can conclude the following (The proof is relegated

to the appendix):

Lemma 1 1. If a uniform pricing constraint is imposed on the entrant, then
Py and Py are decreasing in | and increasing in my if I is small compared
to mag — mq. They are both increasing in mo. These statements continue

to be true for P5 if a price cap is imposed on the incumbent.

2. If no uniform pricing constraint is imposed on the entrant then Py and

ro (P, ) are decreasing in l, increasing in my, and not affected by mo.

These comparative statics results are as expected. They are straightforward
if the entrant is not subject to a uniform price. While prices in the entrant’s
monopoly area simply remain unchanged, in the duopoly area prices are deter-
mined by the incumbent’s uniform price and the entrant’s local reactions to it.
Any change in coverages [ and m, feeds into the incumbent’s uniform price,
with the entrant’s local prices following in the same direction.

If uniform pricing is imposed on the entrant, then an increase in his monopoly
coverage my decreases the competitive intensity in the duopoly markets — this is
the fat-cat effect. Furthermore, the changes in [ and m; have ambiguous effects,
because it will depend on their relative size whether the competitive intensity
increases or decreases. If [ is small then an increase in [ or decrease in m; makes
competition fiercer. On the other hand, if [ is already large then the duopoly

covers relatively high-cost areas, and an increase in [ or decrease in m; may

14



reduce competitive intensity. This leads to higher prices because the size of the

entrant’s monopoly area increases relative to his duopoly area.

5 COVERAGE AND ENTRY

Now we analyze firms’ coverage decisions. In a first step we take the incumbent’s
coverage as given, and see where the entrant will enter. In a second step we

consider the incumbent’s coverage choice and its implications.

5.1 The Entrant’s Coverage Choice

For most of the following we assume that the entrant is free to choose his
coverage. We will consider this choice with and without the imposition of a
uniform pricing constraint. At the end of each of the next two sections we will
deal with the effects of a price cap on the incumbent and a coverage constraint

on the entrant.

5.1.1 Non-uniform pricing

Let us now consider how the entrant chooses coverage in equilibrium if he is free
to do so. If no uniform pricing constraint is imposed on him, he maximizes over

1 €[0,m] and my > my

l
VP (1my,mg) = / ra (o (P 2), P} x) do (24)
0

+/ o (P () ) dz — (L + my —my) F.

mi
We denote profit-maximizing coverage by INUF (mq; Fy) and my'UF (Fy). If

INUP > 0 and my’UF > my, the necessary first-order conditions are (here and

15



in the following we assume that the sufficient second-order condition holds)

l
a’ﬂ'g 8P1*
—dz
0 8p1 al

+ [m2 (ro (PF,IVUF) PELINUR) — B 0, (25)

Tom (ng (méVUP) ,méVUP) —-F =0 (26)

In other words, the profits of the marginal duopoly market need not only cover
the fixed cost of entry, but the decrease of equilibrium prices in the existing
duopoly markets must be taken into account. The decision to enter monopoly
markets is non-strategic, with entry if and only if local monopoly profits recover
fixed costs. This means in particular that m3’Y" does not depend on the value
of my if the entrant enters monopoly areas.

The extent of entry into duopoly markets is not related to the choice of entry

into monopoly markets. The sign of dINVF /dm, equals that of

02H§VUP* B @8P1*
8l8m1 - 6p1 8m1 '

(27)

By point 2 of Lemma 1, this is positive. The entrant does not enter any duopoly
markets if and only if the gross profits of only entering market zero do not cover

fixed cost,
ZyUF (my) = w3 (ro (P (m1) ,0), P[" (m1),0) < Fo. (28)

He will then cover no other duopoly markets because P; < P* (my) if [NV > 0

and
o (ro (PF,INYP) Py YY) <y (o (PF,0), PFL0) < Z9°9F (my) . (29)

ZNUP (my) depends positively on the coverage of the incumbent, since

dZNVF (my) _ Omy OP"
dm1 6;01 aml

16



The higher the incumbent’s coverage the more profitable duopoly entry will be
under the price umbrella created by the uniform pricing constraint on the incum-
bent. There will be no duopoly entry at all if F, > ZNUP (00) = ma,, (p5* (0),0),
and there will always be entry if F, < ZNUP (0). This shows that the interesting

cases lie between these limits.
Lemma 2 If no uniform pricing constraint is imposed on the entrant, then:

1. The entrant covers all monopoly markets between my and my¥U" (Fy). The

latter does mot depend on my.

2. If Fy € (ZYVF(0),23'VF (00)), then there is duopoly entry if and only if
my > MNUP (Fy) = (ZéVUP)_l (Fy). The optimal coverage INUT (my; )

increases in my, and is chosen independently of ms.

Proof. ZYUF is a continuous increasing function, the rest follows from the

above discussion. m

If a price cap p on the incumbent is binding at the monopoly price P{", then
p < P™ and 7 (79 (p,0),p,0) < ZYUP (my): the entrant’s local profits at 2 = 0
are smaller. That is, a price cap on the incumbent makes duopoly entry less
attractive. On the other hand, while the price cap is binding the incumbent’s
coverage my cannot affect the entrant’s profits at zero. It therefore loses its

strategic role.

One can imagine two possible types of coverage constraints on the entrant.
The first is to make him cover a minimum number of monopoly areas: ms—m; >

ms. In this case duopoly coverage remains free, and by Lemma 2 is not affected

17



by the coverage constraint. The second option is to force the entrant to cover a

minimum number of all markets: | + mo — mq > M.

Corollary 1 If no uniform pricing constraint is imposed on the entrant, then:

1. If the entrant’s coverage constraint applies only to monopoly areas then

equilibrium duopoly coverage and prices remain unaffected.

2. If the entrant’s coverage constraint applies to all markets, and is binding,
then equilibrium duopoly prices decrease in 1. In this case the entrant’s

coverage (ZC’NUP,mQC’NUP> is defined by the condition

o (ra (PLUCNUT)  PEICNTT) — By (31)

= o, (pgz (mg,NUP> 7m2C,NUP> <0

Proof. The first statement follows from Lemma 2. As concerns the second
statement, equation (31) is the first-order condition resulting from the maxi-
mization of profits subject to the constraint [ +ms —my = 2. Prices decrease

because [©VUP is increasing in 1o, ®

5.1.2 Uniform pricing

Under a uniform pricing constraint, the entrant chooses duopoly coverage | €

[0,m1] and monopoly coverage mgy > m; such as to maximize

l
Y7 (1my,ma) = / o (Py, Pr ) da (32)
0

ma
+/ Tom (Py,x)de — (I + mg — my) Fs.

mi
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The first-order conditions for profit maximization over m§* (my; Fy) > m; and

IYP (my; Fy) > 0, respectively, are

8ng* e 87‘(2 8P1* * UP
Omo /o op1 dw8m2 * [W2m (Pz,mz ) a FZ] =0 (33)
ALY P* T ory  OPF .
i - | FRaT (PR R =0 (39

A non-trivial complication is that the interaction between [ and ms is not clear.
The cross-derivative 911§ F* /010my cannot be signed, therefore [ and msy can
change in the same or opposite directions if m; increases. Luckily our results
do not depend on pinning down the precise nature of this interaction.

The first term in (33) is positive and accounts for the lessening of competitive
intensity caused by the entrant’s higher uniform price. Therefore, if duopoly
areas are covered, the entrant makes (local) losses in his highest-cost monopoly
markets. The direction of causality is interesting: It is not the case that the
entrant “must” charge higher prices to cover monopoly losses, but by covering
high-cost areas he commits himself to charging higher prices where he competes.

Because of the presence of the strategic effect the comparison between mY*
and m3’Y" does not allow for any clear conclusion. On the one hand, the gross
profits in the last monopoly market are smaller, indicating a lower monopoly
coverage. On the other hand, the strategic “fat cat” effect works in the opposite
direction. Without further assumption it is not clear which effect dominates.

Furthermore, the dependence of m5* on m; in general is ambiguous because
of the effect that m; has on equilibrium prices:

Omam (Py,m8F) oP;
Op2 om;y

(35)

- Opy  Oma

Py 9 /l‘”’ ors , 0P}
8m18m2 n 8m1 0

It is not possible to sign the first term without imposing additional assump-

tions on payoffs, while the second term is positive if {YF is small compared
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to (mQUP —ml). Still, at [Y" = 0 the first term disappears, and we obtain
dm¥F /dm; > 0: An increase in m; increases the average cost of monopoly
markets covered by the entrant because some of the “cheapest” are occupied by
the entrant. Therefore his uniform monopoly price increases, allowing him to

cover additional monopoly markets.

As concerns duopoly coverage, the first term in (34) is negative if (V7 is
small. This term incorporates the increase in competitive intensity if the en-
trant’s duopoly coverage is enlarged. As a result, the profitability of covering at
least the first few duopoly markets is decreased by a strategic effect, and fewer
markets will be covered. In general we cannot decide how (V" depends on m;,
given that complicated price effects are involved.

On the other hand, if IY?” = 0 the first term disappears. As in the case
of non-uniform pricing by the entrant, the incumbent’s equilibrium price will

then be Pj = P{™ (my), while the entrant’s will be the monopoly uniform price

P (my,mg) on (my,ma). At IYF = 0 the dependence of IVF on m; is described

by
ormyrs  Omy (Py, Py,0) OPf
2 _ 7T2( 2 15) 1>0' (36)
Omq 0l op1 omy
By continuity this continues to hold for sufficiently small (Y7 i.e. if [YF is small
then it is increasing in m;.
No duopoly entry is an equilibrium choice if and only if
ng (’I’I’Ll; FQ) = T2 (PQm (ml,mgp (7’)7,1; FQ)) ,Pim (ml) 70) S FQ. (37)

Contrary to ZNUP now ZYT also depends on monopoly coverage m5” through

the entrant’s uniform price Pj"*. Covering high-cost monopoly markets distorts
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the uniform price upwards and reduces the profitability of duopoly entry. There-

fore for all (my, Fy) with m§? > m; we have
ng (ml; FQ) < ZéVUP (m1) . (38)

The comparison between ZY is complicated by the facts that ZJT itself de-
pends on F5 and that it may not be everywhere increasing in m;. We can get

around this problem by defining
MYP (Fy) = min {my > 0| Z¥7 (my; Fy) = By} (39)

as the minimum incumbent’s coverage below which the entrant cannot recover
fixed cost in market zero. The function MY may not be continuous, but this
is irrelevant in the following analysis.

Finally, if m§? = m; then Py = 7o (P (m;),0) and Z¥F = ZNUP 5 This
implies that the limits on fixed cost F5> which delineate the cases where coverage
affects entry are the same as above.

We thus arrive at the following results:

Lemma 3 If a uniform pricing constraint is imposed on the entrant, then:

1. The entrant covers all monopoly markets between m1 and mgp (mq; Fy).

The latter limit increases with my if duopoly coverage is small.

2. If F» € (237 (0),2)"UP (c0)), then there is no duopoly entry if my <
MY (Fy). The optimal coverage IVF (mq; Fy) increases in my if IVF is

small.

SStrictly speaking Pj is discontinuous at (I,mg2) = (0,m1), with values between the
duopoly best response and a monopoly price. Here we presume that the entrant is only

considering duopoly entry.
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Now we consider a binding price cap on the incumbent. The entrant’s first-

order conditions for the optimal choice of coverage (33) and (34) simplify to

oIye:
877’2,2

= mom (P5,m5%) — F» =0,

=y (P5,p,17°) — F> = 0. (40)

If mC > my then again 7o (P3",5,0) < ZYF (m,), and the price cap reduces
the profitability of duopoly entry. This time, though, the incumbent’s coverage
my continues to decrease the profitability of duopoly entry, through the cost

effect on the entrant’s monopoly price Py*: While m&'¢ > my,

OMIYC*  Omo (P, p,0) (an" oy dm§C> “0 (41)

8[87711 a 8p2

omy Omg dmy

Finally we return to the effects of a coverage constraint on the entrant. Under
uniform pricing the effects are more involved since strategic effects are spread
out over both duopoly and monopoly areas. Moreover, the entrant’s choice of

duopoly coverage now is intertwined with monopoly coverage.
Corollary 2 If a uniform pricing constraint is imposed on the entrant, then:

1. If the entrant’s coverage constraint applies only to monopoly areas then

the effect on equilibrium duopoly coverage and prices is ambiguous.

2. If the entrant’s coverage constraint applies to all markets, and is binding,
then equilibrium duopoly prices decrease in ™y if the entrant’s duopoly
18

coverage is small. In this case the entrant’s coverage (lC’UP,mQC’UP)

defined by the condition OTIYY* /Omy = ONIYP* /01 < 0.

Proof. The first statement follows from the observation that we cannot de-
termine how duopoly coverage "UF changes with my under uniform pricing.

The proof of the second statement is the same as in the previous corollary. The
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only difference is that we can only state with certainty that duopoly prices are

decreasing while [Y” is small enough. m

5.2 The Incumbent’s Coverage Choice

The main result we can derive from the previous discussion concerns duopoly
entry with or without uniform pricing on the entrant. It highlights the strategic

impact of the incumbent’s coverage:

Proposition 3 If the entrant covers monopoly markets, the critical value of
the incumbent’s coverage below which there is no duopoly entry is higher if a

uniform pricing constraint is imposed on the entrant: MUT (Fy) > MNUT (Fy).

Proof. The statement follows directly from (38). ®

That is, if the incumbent’s coverage is between MU (Fy) and MYP (Fy),
and if the entrant finds it profitable to enter monopoly markets in equilibrium,
then he would enter duopoly areas under non-uniform pricing, but would not do
so if subject to uniform pricing. This does not only mean that duopoly entry is
less likely, but also that the incumbent may have even have strategic incentives
to choose a low coverage to avoid subsequent duopoly entry. We will show that

both is indeed the case.

First we consider the incumbent’s choice of coverage mq, taking into account
that the entrant’s coverage will depend on it. Denote the entrant’s equilib-
rium prices by p3 (mq,x). This is equal to ro (P}, ) with non-uniform pricing,
and equal to Py otherwise. The entrant’s coverage levels are m3 (mq; F») and

I* (my; Fy). For now assume that there is duopoly entry, i.e. * > 0. If no
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coverage constraint is imposed on him, the incumbent maximizes over m; > 0

5" (my) = I (7 (ma) ,ma, my (ma) (42)

.
= / ™1 (P, ps (ml,x),:c)d:r+/ Tim (Pyyx) de —mi Fy.
0 l

*

The first-order condition for profit-maximizing coverage choice is

dITE* " omy Ops
_ Prmi) — F on oy 4
+[771(P15p2vl)_771m(P1al )]dml

Only the first term corresponds to the profits of the marginal monopoly market
in the monopolist’s first-order condition (5). The other two are strategic effects,
both of which disappear if m; is so small that there is no duopoly entry.

The second term indicates the effect of coverage on competitive intensity.
It is ambiguous because it is not clear whether the total effect of m; on the
entrant’s price is positive or negative. This price decreases in I* (m;) and in-
creases in mj under non-uniform pricing for the entrant, or uniform pricing if
I* (mq) is small. At I* = 0 this term disappears, though.

The third term takes account of the shift in the entrant’s duopoly coverage.
Generically, the direction of this shift cannot be determined without making
further assumptions. Still, if I* is small then dl*/dm; > 0 under both uniform
and non-uniform pricing, so this term is negative: Some monopoly markets are

lost, leading to lower optimal coverage by the incumbent.

Our aim is to determine conditions under which the optimal choice of the
incumbent’s coverage implies that the entrant does not enter duopoly areas.
Remember that mY? (F}) is the monopolist’s coverage choice under uniform

pricing, which is decreasing in Fj. Let FlNUP = (ﬁzgjp) o M{NYP and FlUP =
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(m{'?) 1o MUP. Both expressions define limits on the incumbent’s fixed costs,

and by definition we have FNUP > FUP_ Qur main result is the following:

Proposition 4 Assume that no coverage constraint is imposed on the incum-

bent.

1. If I} > FINUP (Fy) then there is no duopoly entry under both uniform or

non-uniform pricing on the entrant.

2. If Fy € |FVP (Fy), FNUP (F2)> then there is no duopoly entry if uniform

pricing is imposed on the entrant.

3. The incumbent may reduce his coverage, as compared to the absence of

entry, in order to avoid duopoly entry:

(a) Under non-uniform pricing on the entrant, there is FNUP < FNUP (Fy)
such that for Fy € |FNUP ﬁ'lNUP (Fg)) the incumbent’s optimal cov-
erage is mYY (Fy) = MNUP (F).

(b) Under uniform pricing on the entrant, there is F'P < FUP (Fy) such
that for Fy € [FlUP,FlUP (Fg)) the incumbent’s optimal coverage is

m{" (F1) = M{'" (F).
4. If Fy < FUT then there will always be duopoly entry.

Proof. The first statement follows from the definition of M{NUF (F,), because
Fy > FNUP (Fy) is equivalent to P (F) < MNUP (F,). In a similar vein the
second statement follows from the definition of MY? (Fy).

Now consider the third statement, using the first-order condition (43). At

my = MNUP (Fy) and m; = MUP (F,) the entrant’s choice is [* = 0, under
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non-uniform or uniform pricing, respectively. The limit of the coverage first-

order condition at [* \, 0, i.e. either F} FlNUP (Fy) or Fy / FIUP (Fy),

becomes
dIT;* . o
1*1{10 d’I’I’Lll = [Wlm (leaml) - Fl] + [771 (leap270) — Tim (Pl ,0)] d_ml (44)

The first term is zero at MY (Fy), while the second term is negative. Therefore
limy«~ o dII* /dm; is negative, which by continuity continues to hold for slightly
smaller [, > F{NUP and F; > FUP. Note, though, that dII*/dm,; is discon-
tinuous at [* = 0 itself since the second term does not exist for lower m;. As a
result, the incumbent’s objective function has a kink at [* = 0 where its slope
decreases. For F; > FlN UP and Fy > FlU P the maximum remains at the kink,
while for smaller values of F} it continues to move towards larger m; .

Finally, the last statement follows from the definition of F/”. m

Naturally, a sufficiently high coverage constraint on the incumbent makes

the entrant enter in low-cost areas:

Proposition 5 If a coverage constraint my > 1y is imposed on the incumbent,

then it guarantees duopoly entry only if

1. 1y > M{NYP (E,) if the entrant is not subject to a uniform pricing con-

straint;

2.y > MUYP (Fy) > MNUP(Fy) if the entrant is subject to a uniform

pricing constraint.

That is, a coverage constraint on the incumbent that is meant to encourage

duopoly entry must be larger if a uniform pricing constraint is imposed on the
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entrant.”

The effect of this coverage constraint on equilibrium prices depends on how
it is. If 7y just allows for entry in duopoly markets then equilibrium prices will
decrease. On the other hand, if m, largely exceeds this value then two effects
contribute to a rise in prices: First, the incumbent’s average cost increases.
Second, as the entrant’s duopoly coverage becomes large competitive intensity

in the duopoly markets decreases. Therefore welfare are generically ambiguous.

6 CONCLUSIONS

We have considered a model of entry into a series of markets with decreasing
profitability. Firms in these markets are subject to regulatory intervention such
as uniform pricing constraints, coverage constraints and price caps. Their effects
cannot be judged in isolation since constraints on prices have effects on coverage
and vice versa. In particular uniform pricing constraints strongly affect market
outcomes since they strategically link otherwise independent local markets.

In emerging markets such as broadband services in telecommunications there
is a real possibility that entry into these markets is not “competitive”. Rather,
entrants install their capacity in areas not yet served by any of their competitors.
The result is that the opening of the market to competition gives rise to a series
of neighboring monopolies rather than competition for consumers. It is even
possible that the incumbent strategically reduces his coverage to remain “lean

and hungry” and discourage competitive entry.

6The same is true if the incumbent’s network already has significant historical coverage.
In this case the regulator should make sure that the incumbent effectively serves all covered

local markets, in order to reproduce the effects of a coverage constraint.
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In this paper we have concentrated on the imposition of a uniform pricing
constraint on the entrant, and how it shapes equilibrium prices and coverage
decisions. We have found that imposing a uniform pricing constraint on the
entrant increases the likelihood of this phenomenon. This can be counterbal-
anced by a sufficiently high coverage constraint on the incumbent, but its welfare
effects are unclear.

A strength of our approach is that we have used a very generic formulation
of firms’ profits, and did not assume any kind of symmetry on demand or cost.
The assumptions imposed on these profits simply translate the intuitions of
differentiated goods price competition and cost differences between urban and
rural markets. This means that any more specific results will be due to more

specific assumptions, and maybe not true in general.
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Appendix
Proof of Lemma 1:

Proof. For any coverage parameter k € {l,m1, ms} we have

oP; oT; ) ok

ok —  OT;/oP;’

where T; was defined by (20) — (22). The equilibrium prices p} (x) = 2 (Py, x)
of the entrant when no uniform pricing constraint is imposed on him increase if

and only if P increases. Therefore they are not mentioned below.

The equilibrium with uniform pricing on both firms is stable if and only if
8TUP l H2 52 OR m1 52 m

5 =/{ L 2}dw+/ o da
oP; o | Opi = Op10p2 0P . ops
021 /l Omi_ OF
oP} o Op1Opz 0P,

<0

Since the last term is positive, this condition is stricter than the second-order

condition, as usual. The same holds for 7/¥U" and T, while for T4¢ stability

is equivalent to the second-order condition:

NUP 2 l 2
BTl _ 8 Hl 8 T 87'2 de < 0,
8P1* 8P12 0 8p18p2 8P1
oT: o1 b2 OR
i = 22 + L e 0,
6P2 6P2 0 8p28p1 8P2
oTrc 011
2 = = < 0.
opP; o

Therefore in all cases the sign of 0P} /0k equals that of the denominator 0T; /0k.

Now we will consider the effects of [ on equilibrium uniform prices:

oryr 9’ | OR, Om1 | o OMim  a
a ), 3p13p2dx ET a—pl(PlaPQal)_a—pl(Plal)

The term in brackets is negative, while the first term is negative if 2¢ > [, i.e.

if [ is small compared to (my — m1). Without the uniform pricing constraint,

aTNUP 9y

* % aﬂ—lm *
al - apl (P17p2 (l)7l) 8}71 (P15l) < O
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As concerns the entrant,

aTQ ! 627'(2 8R1 87’(2
- = de—— + —=(Py, P{,1
ol 08p28p1 mal +ap2(2ﬂ 1))5
8T2PC 87‘(2
= e —— P* 2
al 8]92( 2’pal)

The first term above is always negative, while dm2/0ps is again negative if
xd > 1.

The effects of the incumbent’s coverage are the following:

aTrvr D'92my | ORy  Omim aTNUP  Ory,,

_ P = P >0
omy o Op10p2 xﬁml Op1 (B, ma), omy Op1 (P ma)
T, D 9%my | ORy  Omom oTye O am

= dx - P*,m ) == P*’m
omy o Op20p1 Omy Op2 ( 2 1) omy Op2 ( 2 1)

The expressions ORy/dmy and (—0ma,/0ps) are positive if ™ > my, i.e. if |
is small as compared to (mg — mq), while all the other terms are positive.

Finally, a higher my unambiguously increases all prices or leaves them un-

changed:
UpP I o2 TNUP
6T1 _ 0 ™1 8R2 de > 07 0 1 _ 0’
oma o Op10pa Omy oma
8T2 8T2PC _ (97T2m

= —_ P* O-
8m2 8m2 8p2 ( 27m2) - "
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