
Co-investment Deterrence�

Ángel L. Lópezy Anton-Giulio Manganelliz María Martín-Rodríguezx

November 2021

Abstract

We examine co-investment and access in a model of new network deployment. We

show that the incumbent �rm may �nd it optimal to deter co-investment by over-investing

when the cost-sharing rule is based on its veri�ed expenditure and the information on the

deployment cost is asymmetric between the operators and the regulator. When partial

deterrence is optimal, it occurs in the areas of intermediate attractiveness, consistently with

the evidence found in other industries. A necessary and su¢ cient condition for deterrence

to occur is that local industry pro�ts are lower with than without co-investment. Results

are robust to demand uncertainty.

Keywords: access, co-investment, deterrence, over-investments

JEL codes: L96, L51.

1 Introduction

Network industries, like energy and telecommunications, require heavy investments to roll-out

new infrastructure. Welfare depends on both the total coverage and the market structure,

with monopoly normally favoring the former but harming the latter. Authorities introduced

access obligations to promote competition but, since total coverage was a¤ected, co-investment

emerged as an alternative for keeping the investments in coverage by sharing the cost among

competitors.

Bourreau et al. (2018), and more recently Bourreau et al. (2021), examine co-investment and

access when the deployment cost is common knowledge. We consider asymmetric information

between the operators and the regulator, so that the realized cost is veri�able but only the

operators know the true deployment cost. The incumbent can thus over-invest to deter co-

investment regardless of whether the demand is certain or uncertain (the latter is shown in the
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Appendix), since the entrant refrains from co-investing for high enough realized costs and the

regulator cannot identify the over-investment.1,2 This is in line with BEREC (2020), which

advises the regulators to refer to comparable co-investment agreements and to evaluate the

co-investment o¤ers by assuming a hypothetical e¢ cient provider.3

Policy documents acknowledge the possibility of deterrence in co-investment frameworks.

BEREC (2016) declares that �a distinction should be drawn between a co-investment o¤er, and

an o¤er that is taken up.�4 A recent report of the Centre on Regulation in Europe states that

�(the owners of the infrastructure) may also ask for large commitments from outsiders (e.g., in

terms of number of lines to co-�nance), raising barriers to entry of competitors who are unable

to build their own infrastructure.�5 Deterring practices include for example over-investments,

red tape and network designs.6,7

Our model predicts that a necessary and su¢ cient condition for deterrence is that local

industry pro�ts are lower with than without co-investment. Absent access obligations, the con-

dition reduces to local industry pro�ts being lower under duopoly than under monopoly, which

usually holds.8 Moreover, in the partial deterrence region, over-investments are non-monotonic:

deterrence happens neither in areas where deployment cost is low (since deterrence is too expen-

sive) nor in areas where deployment cost is high (since there is no co-investment threat). The

empirical literature on over-investments as deterrence tools is scarce, as it requires to estimate

the ex-ante threat and the investments that would have been made lacking strategic motives.

Nonetheless, qualitatively identical non-monotonic results are found in other industries.9

The paper proceeds as follows: Section 2 describes the model, Sections 3 and 4 analyze

co-investment deterrence without and with access obligations, Section 5 presents numerical

examples, and Section 6 concludes. The online appendix considers demand uncertainty.

1See Hart and Moore (1988) for a seminal contribution on unveri�able information and incomplete contracts,
and Hermalin and Katz (1991) for an analysis of renegotiation with unveri�able actions.

2There is a wide literature on investments as a deterrence instrument since Spence (1977) and Salop (1979)
among others. Several stylized models appear in Belle�amme and Peitz (2015), Chapter 16.

3BEREC (2020) states in p.17 that �national regulatory authorities (NRAs) could also use information
gathered from benchmarks of comparable co-investment agreements that are already in place (. . . )�, and in p.18
that �in case the NRA concludes that an e¢ cient undertaking cannot compete e¤ectively and sustainably when
accepting the proposed terms of the co-investment o¤er (. . . ), NRAs could potentially evaluate the terms of the
co-investment o¤er by assuming a hypothetical e¢ cient provider (. . . ).�These recommendations are consistent
with asymmetric information between the operators and the regulator.

4See BEREC (2016, p.7): �The mere existence of an o¤er, even one compliant with the conditions set out in
the draft Code, should not be a su¢ cient basis upon which to require regulatory forbearance � if it were, then
the absence of take-up could result in a de facto unregulated monopoly.�

5See Bourreau et al. (2020, p.24).
6The European Commission �ned Slovak Telekom for anti-competitive practices that discouraged other oper-

ators from using its network. In 2005, the Director of ST�s Strategy and Regulatory A¤airs Department advised
in an internal email that �ST should maintain the principle of competition based on infrastructure (i.e., not allow
competitors to share easily our network).�See the case AT.39523 �SLOVAK TELEKOM for details.

7Berkeley Research Group (2017, p.58) points out that in the French regulatory framework, where co-
investment is implemented as a percentage of the total cost paid by the incumbent, �there are still advantages
for the building operator because the network architecture and future investments remain under its control�, so
it could be in its interest to blockade co-investment.

8See Cabral (2000, p.325).
9Dafny (2005) shows that, in the inpatient procedures markets, �these (entry-deterring) incentives are

strongest in markets of intermediate attractiveness�. Ellison and Ellison (2011) �nd that �consistently with an
entry-deterrence motivation, pharmaceutical incumbents in medium-sized markets advertise less prior to patent
expiration.�
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2 Model

Following Bourreau et al. (2018), we assume a continuum of areas z 2 R+ with identical

demand. The deployment cost in a given area z is c(z), which is strictly increasing and

continuously di¤erentiable with c(0) = 0. For exposition purposes, we make c(z) = z, then

C(z) =
R z
0 c(x)dx = z

2=2.10 Results will be qualitatively identical with any function satisfying

the previous assumptions. The incumbent is denoted by 1, and the entrant by e.

Timing. The model has 3 stages. First, the incumbent decides up to which area z1 to invest

in new infrastructures, and subsequently deploys the network incurring cost c(z) + "z, with

"z � 0, in each area z.11 Second, the entrant decides on which covered areas to participate,

through either co-investment or regulated access. Third, the incumbent obtains monopoly

pro�ts where the entrant does not participate, and both �rms compete under co-investment or

regulated access in the remaining areas.

Co-investment and Over-investment. Co-investment is a regulatory framework in which the

entrant covers part of the cost incurred by the incumbent to get to use the network without

paying any access charge.12 Over-investments refer to unproductive investments that occur

when, given deployment cost c(z), the incumbent decides to incur cost c(z) + "z with "z > 0.

Since in the model the realized cost is split evenly, the entrant must pay (c(z)+ "z)=2 when co-

investing for any "z � 0. As there is no cheating or misreporting of costs, when the unproductive
investment takes place, the realized cost increases. By assumption, the realized cost is veri�able

but only the operators know the true roll-out cost in each area z.

We �rst discuss the case of pure co-investment, where there is no access option, and then

consider the more general case of regulated access.

3 Pure co-investment and entry deterrence

In each area with co-investment, either �rm gains duopoly pro�t �d; in each of the remaining

covered areas, the incumbent gains monopoly pro�t �m. We �rst report the co-investment

and coverage decisions when information is symmetric (no possibility of over-investment), as in

Bourreau et al. (2018), and then examine the incumbent�s incentives to deter entry and their

e¤ects on the equilibrium outcome.13

Co-investment. If the entrant co-invests up to covered area z, it gains �e = z�d � C(z)=2.
Therefore, the entrant co-invests in every area z � �zc � 2�d.

Coverage. The incumbent chooses z1 anticipating that the entrant will co-invest in any area

with cost smaller than or equal to �zc. If z1 � �zc, the incumbent�s pro�ts are maximized at the
corner solution z1 = �zc so there are no monopolistic areas. If z1 > �zc, there is co-investment

(and thus, competition) in areas z � �zc and a monopoly in areas (�zc; z1]. In Bourreau et al.

10Bourreau et al. (2018, Appendix B) use this functional form in their numerical analysis.
11"z cannot be strictly negative even when legacy networks exist, as these are sunk costs.
12See Inderst and Peitz (2014) for a model with di¤erent cost-sharing rules based on the expected usage of

the technology.
13Notice that, in the absence of access obligations, co-investment deterrence implies entry deterrence.
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(2018), for z1 > �zc, the incumbent maximizes

�1 = (z1 � �zc)�m + �zc�d � C(z1) + C(�zc)=2

with respect to z1. Since the FOC yields z1 = �m, the incumbent chooses z1 = �m when

�m > 2�d, which holds when products are not too di¤erentiated, and z1 = �zc � 2�d otherwise.
Consequently, there is duopolistic competition with co-investment in areas z 2 [0; �zc] and a
monopoly in areas z 2 (�zc; �m] i¤ �m > 2�d; otherwise, �rms compete in all covered areas.

We next show when the incumbent optimally over-invests to deter entry. In any area z, the

incumbent�s gain from preventing entry is �m��d. The over-investment "z = 2�d� c(z) deters
entry in area z, since the entrant covers half of the realized cost: �d � (c(z) + "z)=2 � 0. But if
the incumbent deters entry, then it must also bear the cost covered by the entrant, c(z)=2, and

thus the cost of blocking entry in area z is "z+c(z)=2 = 2�d�c(z)=2. The gain from preventing
entry is greater than the corresponding cost in a given area z i¤ �m � �d � 2�d � c(z)=2.

Entry Deterrence with Pure Co-investment

Fig. 1a. Complete entry deterrence

3�d � �m
Fig. 1b. Partial entry deterrence

2�d < �m < 3�d

Complete entry deterrence (3�d � �m). Since the cost of blocking entry decreases with z,
the incumbent �nds it optimal to over-invest in areas z 2 [0; �zc] i¤ �m � �d � 2�d. In the

remaining areas there is no entry threat, thus over-investments are not needed to monopolize

areas z 2 (�zc; z1], with z1 = �m. Figure 1a illustrates this case, where the shaded region

represents the over-investments.

Partial entry deterrence (2�d < �m < 3�d). Let zo 2 (0; �zc) be the area where entry

deterrence starts. The incumbent�s pro�t is

�1 = zo�
d + (z1 � zo)�m �

Z zo

0

c(z)

2
dz � (�zc � zo)2�d �

Z z1

�zc
c(z)dz,

with z1 > �zc. The incumbent maximizes �1 with respect to zo and z1. Note that @�1=@zo =
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�d � �m � zo=2 + 2�d is strictly positive at zo = 0 i¤ 3�d > �m: it is thus optimal to allow

co-investment in low cost areas. The FOCs yield z1 = �m and

zo = 2(3�
d � �m).

Entry is not deterred in the areas z 2 [0; zo), as it would be too costly, but it is in the
intermediate areas z 2 [zo; �zc]. As before, over-investments are not needed to monopolize areas
z 2 (�zc; z1].14 Note that zo < �zc < z1 since 2�d < �m. (See Figure 1b.)

No entry deterrence (�m � 2�d). Entry deterrence is not optimal when zo � �zc, or equiva-

lently, when 2�d � �m.

Summarizing:

PROPOSITION 1 With pure co-investment:

� The incumbent over-invests to prevent any co-investment i¤ 3�d � �m (complete entry

deterrence).

� The incumbent over-invests to prevent co-investment in the intermediate cost areas z 2
[zo; �z

c] and allows co-investment in the low cost areas z < zo i¤ 2�d < �m < 3�d (partial

entry deterrence).

� There is no over-investment whatsoever i¤ �m � 2�d (no entry deterrence).

Although possible, complete deterrence is unlikely because it requires very high substitutabil-

ity across products. Conversely, over-investments do not take place if and only if the products

are di¤erentiated enough: duopoly pro�ts must not decrease much compared to monopoly prof-

its, such that the incumbent does not over-invest and the entrant �nds co-investment pro�table

in every region where the network has been rolled-out.

4 Access and co-investment deterrence

Now the entrant chooses between co-investing and asking for access. Access is always available,

in which case the entrant must pay a regulated access charge a to the incumbent. In each area

where access is requested, both �rms compete and make duopoly pro�ts �de (a) and �
d
1(a). We

follow the assumptions in Bourreau et al. (2018):

Assumption 1 (i) There is a maximum access price, amax , above which the entrant incurs

losses; (ii) �d1 (resp. �
d
e ) is increasing (decreasing) with a for a < a

max ; (iii) if a � amax , then
there is market foreclosure and the incumbent �rm makes �m; (iv) �d1(0) = �de (0) � �d and

lima!amax �d1(a) � �m.

Consider the relevant case with 0 < a < amax and �d > �de (a). Here, �
d
e (a) > 0 in each region

z so, if there was no co-investment option, then the entrant would simply ask for access in every

covered area; that is, in every z with z � �za(a), being �za(a) � argmaxz1 z1�d1(a)�C(z1) = �d1(a).
14This result is consistent with the empirical �ndings by Dafny (2005) and Ellison and Ellison (2011) in other

industries.
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The entrant prefers co-investment over access in area z i¤�d�c(z)=2 � �de (a) or, equivalently,
i¤

z � �zca(a) � 2
h
�d � �de (a)

i
.

When z1 < �zca(a), the entrant always co-invests and waives the access. However, there are

less incentives to co-invest when access is available (�zca < �zc), so the incumbent�s pro�ts are

increasing on this branch and thus z1 � �zca(a). If the incumbent�s pro�ts are maximized at

the corner solution z1 = �zca(a), then the entrant co-invests in all covered areas. If z1 > �zca(a),

the entrant co-investments in areas z � �zca(a) and asks for access in areas z 2 (�zca(a); z1]

(i.e., there are covered areas expensive enough for the entrant to avoid co-investment). When

over-investments are not allowed, as in Bourreau et al. (2018), for z1 > �zca(a), the incumbent

maximizes

�1 = [z1 � �zca(a)]�d1(a) + �zca(a)�d � C(z1) + C(�zca(a))=2

with respect to z1. The solution is z1 = �za(a) = �d1(a): coverage is the same as when there is no

co-investment option i¤ �d1(a) > 2
�
�d � �de (a)

�
, and it increases to z1 = 2

�
�d � �de (a)

�
other-

wise. Then, the entrant co-invests in areas [0; �zca(a)] and requests access in areas (�zca(a); �d1(a)]

i¤ �d1(a) > 2
�
�d � �de (a)

�
; otherwise, it co-invests in all covered areas.

We next show that, with access obligations, the incumbent also may over-invest. Contrary to

the case without access, here the entrant makes positive pro�ts when co-investment is deterred

since �de (a) > 0: over-investments can deter co-investment but not entry. Moreover, with access

obligations, the over-investments to attain deterrence are lower.15

15The over-investments to completely deter co-investment with and without access obligations are, respectively,
2
�
�d � �de (a)

�2
and 2

�
�d
�2
. Since �de (a) > 0 for a < a

max , the result follows. The over-investments to partially

deter co-investment with and without access obligations are, respectively, 2
�
�d1(a) + �

d
e (a)� 2�d

�2
and 2(�m �

2�d)2. The over-investment with access obligations is then lower if and only if �d1(a)+�
d
e (a) � �m, which is true

for all values of the fee. In particular, for a = 0, the condition reduces to 2�d � �m; for a! amax , it holds that
�de (a)! 0 and Assumption 1 guarantees that lima!amax �

d
1(a) � �m.
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Co-investment Deterrence with Access

Fig. 2a. Complete co-investment deterrence

3�d � 2�de (a) � �d1(a)
Fig. 2b. Partial co-investment deterrence

2�d � �de (a) < �d1(a) < 3�d � 2�de (a)

Analogously to the pure co-investment case, in any area z, the incumbent�s gain from pre-

venting co-investment is �d1(a) � �d and the cost of blocking co-investment is "z + c(z)=2 =
2
�
�d � �de (a)

�
� c(z)=2. The gain from preventing co-investment is greater than the corre-

sponding cost in area z i¤ �d1(a)� �d � 2
�
�d � �de (a)

�
� c(z)=2.

Complete co-investment deterrence (3�d � 2�de (a) � �d1(a)). Since the cost of blocking co-
investment decreases with z, the incumbent �nds it optimal to over-invest in areas z 2 [0; �zca(a)]
i¤ �d1(a)� �d � 2

�
�d � �de (a)

�
. In areas z 2 (�zca(a); z1] there is no co-investment threat. Thus,

complete deterrence occurs i¤ �d1(a) � 3�d � 2�de (a). (See Figure 2a.)

Partial co-investment deterrence (2�d� �de (a) < �d1(a) < 3�d� 2�de (a)). Let zo 2 (0; �zca(a))
denote the area where co-investment deterrence starts. The incumbent�s pro�t is

�1 = zo�
d + (z1 � zo)�d1(a)�

Z z0

0

c(z)

2
dz � (�zca(a)� zo)2

h
�d � �de (a)

i
�
Z z1

�zca(a)
c(z)dz,

with z1 > �zca(a). The incumbent maximizes �1 with respect to zo and z1. Notice that

@�1=@zo = �
d��d1(a)�zo=2+2

�
�d � �de (a)

�
is strictly positive at zo = 0 i¤3�d�2�de (a) > �d1(a):

the incumbent thus allows co-investment in low cost areas. Optimally,

zo = 2
h
3�d � �d1(a)� 2�de (a)

i
,

and z1 = �za(a) � �d1(a). Co-investment is not deterred in the areas z 2 [0; zo) because it would
be too costly, but it is in the intermediate areas z 2 [zo; �z

ca(a)]. Over-investments are not

needed to deter co-investment in the areas z 2 (�zca(a); z1]. Notice that zo < �zca(a) < �za(a)

since 2�d � �de (a) < �d1(a). (See Figure 2b.)

No deterrence (�d1(a) � 2�d � �de (a)). Over-investments are not optimal when zo � �zca(a),

or equivalently, when 2�d � �d1(a) + �de (a).
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Summarizing:

PROPOSITION 2 With access obligations and co-investment:

� The incumbent over-invests to prevent any co-investment i¤ 3�d � 2�de (a) � �d1(a) (com-
plete co-investment deterrence).

� The incumbent over-invests to prevent co-investment in the intermediate cost areas z 2
[zo; �z

ca(a)] and allows co-investment in the low cost areas z < zo i¤ 2�d��de (a) < �d1(a) <
3�d � 2�de (a) (partial co-investment deterrence).

� There is no over-investment whatsoever i¤ �d1(a) � 2�d � �de (a) (no co-investment deter-
rence).

With access obligations and co-investment, over-investments occur if and only if local in-

dustry pro�ts without co-investment exceed those with co-investment: �d1(a) + �
d
e (a) > 2�d.

Absent access obligations, this condition reduces to �m > 2�d, which holds when the products

are su¢ ciently close substitutes. In particular, with and without access, @zo=@�d > 0: the

smaller �d, the earlier over-investment starts; thus:

COROLLARY 1 The amount over-invested is greater the closer substitutes the products are.

Two remarks conclude the analysis:

� Remark 1 - Total Coverage. Allowing co-investment when access is already available does
not impact the total coverage when �zca(a) < �za(a), which holds whenever over-investments

occur. Only in the region of no deterrence may co-investment boost coverage. Bourreau

et al. (2018) argue that co-investment boosts coverage (�zca(a) > �za(a)) only when the

access charge is high enough and the products are su¢ ciently di¤erentiated since, for a

close to amax, the condition �d1(a) < 2
�
�d � �de (a)

�
tends to �m < 2�d. We determine

that there are two subintervals in the no deterrence region: (i) 2
�
�d � �de (a)

�
< �d1(a) <

2�d � �de (a), where co-investment does not a¤ect the total coverage, as in the deterrence
regions; and (ii) �d1(a) < 2

�
�d � �de (a)

�
< 2�d� �de (a), where co-investment increases the

total coverage.

� Remark 2 - Total Welfare. Over-investments always reduce welfare. First, welfare de-
creases by the amount over-invested: unlike other investments (innovation or informa-

tive advertising, for example), this is a wasteful expenditure only aiming at blocking

co-investment. Second, the market structure changes: without access, over-investments

expand the monopoly areas; otherwise, they shrink the co-investment areas, which does

not enhance welfare.16

16The model assumes that wd � wd(0) and dwd(a)=da � 0, where wd(a) is the local welfare in a duopoly.
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5 Numerical examples

Here we show that, for the numerical values considered in Bourreau et al. (2018, Appendix A),

our model predicts that the incumbent partially deters co-investment. For comparison purposes,

we follow their notation. The inverse demand function for �rm i = 1; e is pi = �� �qi � �qj ,
with �; � � 0 and  2 (0; 1).17 Firms compete in prices and direct demands are:

qi =
�(1� ) + pj � pi

(1� 2)� .

Both �rms incur the local �xed interconnection cost f whenever they compete. Given the

access charge, the incumbent�s local pro�t is �1 = p1q1 + aqe � f , whereas the entrant�s local
pro�t is �e = (pe � a)qe � f ,18 with a = 0 when the entrant co-invests. Equilibrium prices are:

p1 =
(2� 2 � )�+ 3a

4� 2

and

pe =
(2� 2 � )�+ a2 + 2a

4� 2 .

We obtain the duopoly local pro�ts by evaluating the equilibrium pro�ts at a = 0:

�d =
(2 +  � 2)2�2

(2 � 4)2 (1� 2)�
� f .

Considering the total deployment cost C(z) = z2=2 and parameters � = � = 1, the assump-

tions hold for f = 0:12 and  2 [0; 0:63].19 Figure 3 plots the regions of Proposition 2 for (a)
 = 0:25, where amax = 0:195, and (b)  = 0:5, where amax = 0:083. In both cases it holds that

2�d � �de (a) < �d1(a) < 3�d � 2�de (a) for all feasible a, then the incumbent �nds it pro�table to
partially deter co-investment.20

17 Inverse demand functions are derived from a representative consumer with quasi-linear utility.
18Marginal costs are assumed to be zero without loss of generality.
19That is, �de (a) decreases with a, �

d
1(a) increases with a for all a < a

max , �de (a
max ) = 0, and �d1(a

max ) � �m.
20Consider  = 0:25 and a = 0:15 for example, then zo = 0:10, �zca = 0:12 and z1 = 0:14; thus, co-investment

is deterred in all areas z 2 [0:10; 0:12]. Consider now  = 0:5 with a = 0:06, then zo = 0:01, �zca = 0:04 and
z1 = 0:06; thus, co-investment is deterred in all areas z 2 [0:01; 0:04].
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Partial Co-investment Deterrence

Fig. 3a.  = 0:25. Fig. 3b.  = 0:5.

6 Concluding remarks

In a context of new network deployment, we consider that the realized cost is veri�able but

only the operators know the true deployment cost. Over-investments can then be used to deter

co-investment, as the entrant refrains from co-investing for high enough realized costs and the

regulator cannot identify the over-investment. We �nd that a necessary and su¢ cient condition

for deterrence is that local industry pro�ts are lower with than without co-investment. In the

partial deterrence region, over-investments are non-monotonic and deterrence happens in the

areas of intermediate attractiveness �deterrence would be too expensive where deployment costs

are low, and unnecessary where deployment costs are high. The result is robust regardless of

the availability of access obligations and/or the presence of demand uncertainty.

Since over-investing is optimal for an strategic incumbent and it decreases welfare, the au-

thorities should take it into account when evaluating the welfare e¤ects of di¤erent access pricing

rules, such as the standard or the generalized e¢ cient component pricing rules. Moreover, this

deterrence possibility opens the more general question of the design of the optimal policy. It

is also in our research agenda to explore the design of optimal mechanisms that eliminate the

incentive to over-invest.
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