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ABSTRACT 

This thesis discusses the role of sector-specific regulators in the rapidly changing 
telecommunications industry. In particular, it studies the access pricing policy which 
provides the optimal balance between static and dynamic efficiency that better reflects 
the changing regulatory goals in a highly variable economic and technological 
environment. Static efficiency concerns the maximization of social welfare by 
intensifying the competition for providing differentiated services (service-based 
competition), whereas dynamic efficiency concerns the maximization of social welfare 
by incentivizing investments in competitive infrastructures (facilities-based competition). 
It is thus obvious that the role of regulators is to facilitate the gradual transition from 
static to dynamic efficiency by influencing the investment and competition outcomes 
through the regulation of the access price. Therefore, there is an interplay between 
regulatory policy and technological development which leads to rapidly changing market 
structures and industry performance. 

The first significant regulatory intervention concerns the migration from a state 
monopoly market to a competitive telecommunications industry which mostly took place 
in 1990s. Obviously, the goal of regulators was to facilitate entry by alternative 
operators in order to achieve static efficiency. The second substantial transition towards 
dynamic efficiency is related to the current regulatory goal of promoting the migration 
from service-based competition over the legacy copper access networks to service-
based competition over the so-called fibre-based Next Generation Access (NGA) 
networks. This goal aims at providing significant investment incentives without distorting 
the subsequent competition outcomes, and hence, is related to the common trade-off 
between static and dynamic efficiency. Facilities-based competition is expected to 
resolve such trade-off, which implies that the future regulatory goal concerns the 
migration from service-based to facilities-based competition over NGA networks. The 
aim of this thesis is to model the regulatory intervention in order to derive the access 
pricing policy that achieves the efficiency goals of each migration phase.  

The first chapter of this thesis discusses the background of the past, the present and 
the future state of telecommunications markets and regulation. In particular, it presents 
the economic and technical reasons that necessitate each migration and describes the 
respective regulatory goal in terms of efficiency implications. It is obvious that each 
migration requires a specific access pricing policy in order to achieve the optimal 
balance between static and dynamic efficiency. The three following chapters discuss 
the optimal access pricing policy that achieves the past, the current and the future 
regulatory goals, respectively.  

In particular, the second chapter discusses the optimal access pricing policy that aims 
at promoting static efficiency by facilitating the migration from a state monopoly market 
to a competitive telecommunications industry. In this context, this chapter extensively 
reviews the contributed article studying the access conditions under which an entrant‘s 
decision to purchase an essential access input from the incumbent or to make the 
access input itself achieves static efficiency.  

The third chapter discusses the regulatory goal of encouraging investments in NGA 
networks without distorting the subsequent competition outcomes in order to facilitate 
the migration from service-based competition over copper access networks to service-
based competition over NGA networks. In this context, this chapter also extensively 
reviews the contributed articles studying: (i) the impact of regulatory uncertainty on an 
incumbent‘s incentives to undertake the socially optimal NGA investment level; (ii) the 
impact of geographic price discrimination on a monopolist‘s incentives to invest in 



welfare-enhancing NGA investments; and (iii) a monopolist‘s incentives to undertake 
the socially optimal geographically differentiated NGA deployment.   

The fourth chapter discusses the regulatory policy which aims at promoting dynamic 
efficiency by facilitating the migration from service-based to facilities-based competition 
over NGA networks. In this context, an innovative approach, which is based on the 
basic principles governing a Credit Default Swap (CDS), is proposed to provide an 
effective migration path towards facilities-based competition over NGA networks. 

The last chapter of this thesis concludes the main policy implications drawn from the 
discussion about the past, the present and the future state of telecommunications 
markets and regulation, summarizes the derived research results of the contributed 
research articles and proposes directions for future research. 
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 1. INTRODUCTION 

The telecommunications industry is probably the most rapidly evolving network 
industry since it has undergone extensive changes in recent decades mainly 
motivated by the evolution of new technologies and services, the growing 
importance of telecommunications for national economies and the development 
of international trade in telecommunications services. The goal of this thesis is to 
describe the interplay between the continuously evolving scope of 
telecommunications regulation and technological development which leads to 
rapidly changing market structures in the telecommunications industry. 

Historically, telecommunications networks were deployed using public funds in 
order to facilitate the distance communication between people. In particular, in 
many developed countries nationwide copper networks were built since their 
technology and architecture were optimal for carrying voice traffic on a circuit 
switched basis. In addition, each national government also owned the monopoly 
operator which provided end-users with voice services. Therefore, both network 
operation and service provision were undertaken by the state-owned monopoly 
firm. 

The  liberalization of the telecommunications markets in the United States (US) 
and Britain in the early 1980s and in Europe in the late 1990s was the result of 
the conventional wisdom that competition serves consumers and social welfare 
better than the former state monopoly, both from a short-term perspective, where 
entry and investment decisions are taken as given as well as from a long-term 
perspective, where these are treated as endogenous [1]. In addition, the almost 
simultaneous privatization of the former state-owned monopoly operators (the so-
called ―incumbents‖) was a political decision that stems from the proposition that 
privately-owned providers are more productively efficient than state-owned 
operators. Therefore, it was expected that liberalization and privatization would 
lead to a level playing field for the privately-owned alternative providers (the so-
called ―new-entrants‖) which would compete with the former monopolists.  

However, the migration from a state monopoly market to a competitive 
telecommunications industry required the existence of a sector-specific regulator 
for the restructuring process of the telecommunications sector. Indeed, regulation 
can be seen as the implementation dimension that facilitates change. In addition, 
regulatory intervention is best described as a corrective for market failure, having 
as its ultimate goal a sufficiently and sustainable competitive market that requires 
no intervention. Market failure is defined not in terms of specific outcomes, but as 
the failure of the market to generate efficiency in the allocation of resources. 
There are seven basic causes of market failure, of which monopolistic supply is 
predominant in the telecommunications services industry [2]. The reason for such 
market failure lies in the asymmetric nature of the telecommunications markets.  

The most significant source of asymmetry is the fact that the incumbent operators 
have already installed their own networks, whereas new entrants have to build 
new networks from scratch or to lease the incumbents‘ networks. In particular, the 
provision of an end-to-end telecommunications service (such as a telephone call 
or an internet communication) almost always requires a combination of a number 
of separate components, such as call origination, transportation and call 
termination. Figure 1 graphically describes the connection between the required 
network elements for the successful provision of an end-to-end 
telecommunications service. 
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Figure 1: Core and Access Networks 

In Figure 1, the local loop represents the link that connects each consumer‘s 
premises with the nearest central office. In particular, the local loop is defined as 
the physical twisted metallic pair connecting the network termination point at the 
subscriber‘s premises to the main distribution frame (local exchange) or 
equivalent facility in the fixed public telephone network (central office) [3]. The 
sum of these connections consists the access network, whereas the sum of the 
connections between the local exchanges (or central offices) consists the 
core/backbone network. It is obvious that call origination and termination take 
place in the access network, whereas transportation takes place in the 
core/backbone network. 

Therefore, a potential entrant needs to build a bypass access network as well as 
interconnect its central offices. However, it is economically not viable for a new 
entrant to build a bypass access network due to its natural monopoly 
characteristics. According to Armstrong [4], an activity is said to be a natural 
monopoly if it is most cost-effectively carried out by a single firm rather than by 
several. Local loop presents widespread natural monopoly cost conditions due to 
the existence of economies of density, which imply that the per unit cost of 
providing a telecommunications service is decreasing in the population density. In 
addition, the duplication of the access network requires high fixed connection 
costs which are related to the cost of digging new ducts and laying new cables. 
On the contrary, the backbone network does not present natural monopoly 
characteristics, and hence, a new entrant may invest in its own backbone 
network. In conclusion, the local loop can be viewed as an extreme natural 
monopoly for wire-based networks which gives the incumbent the power to 
exclude competitors from the retail (downstream) market. 
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In addition, the incumbent typically enjoys several other advantages over any 
new entrant, such as: (i) the lack or lower quality of added services (e.g. wake-up 
calls, information services, voice mail) of a new provider; (ii) the lack of reliability 
of a new entrant‘s network or reputation associated with this reliability; (iii) the 
installed consumer base due to switching; and (iv) the lack of consumer 
information about an entrant‘s network [5]. This implies that the deployment of 
alternative access infrastructures, which overcomes the monopoly nature of the 
local loop, was not economically feasible for new entrants not only because of the 
huge fixed cost of such deployment, but also due to the low probability of 
recovering the investment given the non-viable consumer base of the entrants. 

As a result, the only solution for new entrants was to purchase monopolized 
inputs (or essential facilities1) from the incumbent. In other words, new entrants 
required access to the incumbent‘s access network in order to supply their 
consumers with their services. However, since the incumbent upstream 
monopolist was also a supplier of the final services, there was the obvious danger 
that this integrated firm would seek to exclude competing providers by setting 
high access prices, thereby raising new entrants‘ costs [6]. This fact is widely 
known as ―one-way‖ access problem because the providers of a competitive 
service need to lease essential facilities from the provider of the non-competitive 
service but not vice versa. This type of asymmetry results in the failure of the 
market to generate efficiency in the allocation of resources, and hence, regulatory 
intervention is needed for correcting such distortion. This implies that market 
liberalization did not eliminate the need for regulation, but the regulatory focus 
shifted from the retail to the wholesale market.  

Regulation in such asymmetric markets was claimed to stimulate competition in 
the short-run by allowing the entrants to have access to the metallic local loops of 
the incumbent operators. This form of regulation is widely known as Local Loop 
Unbundling (LLU), which implies that the incumbent‘s essential input is, at the 
wholesale level, separated from its overall facilities or operations, in order to allow 
for commercial wholesale supply of this input [7].2 Therefore, unbundling was 
expected to facilitate entry as firms were enabled to join the market without 
having incurred huge fixed and sunk investment costs. However, the introduction 
of competition into the formerly monopolized telecommunications markets led to a 
fierce debate about the terms and conditions on which competitors would have 
unbundled upstream access to the historical operators‘ local loop facilities [8]. 
The reason is that regulators should achieve too many goals with only one 
instrument: the determination of the access charge (i.e. the price that new 
entrants should pay to the incumbent in order to have access to its local loop 
facilities). According to [1], the optimal regulatory policy should:  

 require as little information and data from market participants as possible; 

                                                            
1
 The Canadian Radio-television and Telecommunications Commission (CRTC) defines an 

essential facility as a monopoly-supplied facility, function, process or service that competitors 
require as an input in order to provide telecommunications services and which competitors cannot 
economically or technically duplicate (http://crtc.gc.ca/eng/archive/1997%5CDT97-8.htm). 

2
  In fact, there are three alternative forms of unbundling: bitstream access, shared access and full 

LLU. With bitstream access, entrants are restricted to resale the incumbent‘s services. With 
shared access, the incumbent remains in control of the copper line, whereas with fully unbundled 
access, the alternative operator obtains full control of the copper line. Hereafter, the term 
―unbundling‖ will refer to full LLU in order to point out that the entrants have to deploy a 
core/backbone network that interconnects most of the local exchanges (central offices).  



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 14 

 keep the costs of regulation to society low and in particular, to avoid an 
overloaded bureaucracy; 

 ensure that regulatory measures are temporary rather than permanent, and 
ultimately superfluous, whenever possible; 

 achieve (static) economic efficiency, with a particular focus on improving 
consumers‘ surplus, which is achieved through low prices and high quality; 

 achieve dynamic efficiency so that investment incentives give rise to socially 
optimal investment decisions. 

Although all aims have to be kept in mind when implementing specific policies, 
the level of the access charge directly affects the regulators‘ two-fold goal to 
achieve both static and dynamic efficiency. Static efficiency concerns the short-
run regulatory goal to reduce the incumbent‘s market power in order to enable 
alternative operators (new entrants) to enter the market and compete effectively 
with the incumbent in the downstream market. Unbundling of the local loop 
facilitates entry by allowing new entrants to have the right to use the same 
network as the incumbent. As a result, both incumbent and entrants have 
significant incentives to invest in innovative, differentiated services. Such service-
based competition promotes productive efficiency (i.e. existing assets are utilized 
efficiently) and allocative efficiency (i.e. existing resources are efficiently allocated 
to the economy). Therefore, service-based competition ensures an evolution to a 
self-sustaining pro-competitive market structure in which firms behave in a 
competitive manner, and hence, consumers enjoy the welfare gains from static 
efficiency (lower prices, better quality and extended variety of services).  

On the other hand, dynamic efficiency concerns the long-run goal of access 
regulation to induce the firms to undertake the socially optimal (efficient) 
investment decisions in terms of both timing of investments and the extent of 
network deployment. According to Bourreau and Doğan [9], facilities-based 
competition, which requires investments in new competing infrastructures from 
the incumbents and (especially) entrants, leads to efficient investment decisions 
and adoption of better technologies. In particular, facilities-based competition is 
regarded as the only means to achieve sustainable competition since it creates a 
level playing field between the incumbent and entrants [10–12]. Facilities-based 
competition achieves the full benefits of competition, and hence, consumers 
enjoy the full welfare gains from dynamic efficiency (maximum market growth in 
terms of both volume and value so that markets achieve minimized costs, 
innovative technologies and advanced services). 

Although static and dynamic efficiency are not necessarily mutually exclusive and 
they may coincide in the long run, a trade-off between static and dynamic 
efficiency is a common outcome in the short run. Since the promotion of efficient 
entry is a short-run goal in the transition from state monopoly to private and 
competitive market structures, access regulation should indisputably aim at 
fostering service-based competition. The reason is that the incumbent enjoys 
many advantages over the entrants as well as the deployment of a bypass 
access network is not economically viable for the latter. This implies that 
mandatory unbundling is a necessary but not sufficient condition to promote static 
efficiency since the level of the access price significantly affects the right amount 
of downstream entry and upstream bypass: if the access price is set too low, 
inefficient excessive entry may occur; on the contrary, too high access prices not 
only discourage entrants from joining service-based competition, but also 
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provides the entrants with incentives to build inefficient access facilities in order to 
bypass the incumbent‘s network [13].  

In parallel with the liberalization phase, the technological developments in the 
communications and information industry as well as the cost pressure of service-
based competition led networks to evolve towards digital transmission and packet 
switching. In fact, the copper wires, which were interconnecting the central offices 
and constituting the core/backbone network, were gradually replaced by fibre 
optic cables, whereas new modem technologies allowed the convergence of the 
existing twisted copper pair telephone lines into the high-speed (or broadband) 
communications access capability for various services.3  In other words, such 
innovations made available the transmission of high data rates over the existing 
copper access infrastructures. As a result, both incumbent and entrants upgraded 
their own backbone infrastructures in order to provide both voice (or in more 
general terms, narrowband bi-directional real-time transmission) and broadband 
internet connection to their final consumers over the copper access network of 
the incumbent.   

In the last decade the number of internet users as well as the capacity they 
demand has increased dramatically, and hence, all providers in the developed 
world have seen a surge in data traffic conveyed by means of packet switched 
technology. The increasing transmitted volume of data has currently made the 
traditional access copper networks incapable of providing end-users with the 
demanded bandwidth. On the contrary, the transmission capabilities of fibre are 
theoretically unlimited, whereas it also provides high data rates, low loss and low 
distortion. For this reason, the deployment of fibre access infrastructures, the so-
called Next Generation Access (NGA) networks, has received significant interest 
among all operators since they are regarded as the only future proof solution 
capable to handle future demand [14]. It is thus obvious that, today, data 
transmission rather than voice determines network infrastructures [15]. In 
addition, investment in NGA networks has also attracted the interest of national 
governments since higher speed broadband services increase the positive impact 
of broadband on economic growth, productivity at the firm level, employment 
growth and consumers‘ welfare [16–19]. However, investment in NGA networks 
not only requires a huge initial fixed cost, but also is mainly sunk once the 
investment has been made. This implies that potential investors are reluctant to 
invest in NGA networks unless they are reimbursed for the risk they incur when 
investing in such networks.   

Perhaps the most challenging task for academics, governments and policy 
makers is to design a regulatory policy that encourages investments in NGA 
networks and promotes sustainable competition. In other words, the current 
regulatory policy focuses on establishing sustainable service-based competition 
over NGA networks, thus improving both static and dynamic efficiency. This 
implies that regulators aim at facilitating the migration from service-based 
competition over copper access networks to service-based competition over NGA 
networks.  

In such cases, the coexistence of static and dynamic efficiency unambiguously 
results in better economic and welfare outcomes. However, a growing number of 

                                                            
3
  The Asymmetrical Digital Subscriber Line (ADSL) technology is the most pronounced example 

of an efficient modification of the copper access network in order to better utilize the limited 
bandwidth provided by such networks. 
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empirical studies conclude that facilities-based competition has been the main 
driver for broadband diffusion although they do not find a negative relationship 
between service-based competition and broadband diffusion [20–23]. Given that 
broadband penetration positively affects economic growth [24], [25], it can be 
inferred that facilities-based competition creates a superior potential for economic 
growth than does service-based competition. Although these studies focus on the 
broadband access markets, and hence, they mainly assume facilities-based 
competition between the traditional telecommunications access networks (which 
use copper pair cables in the local loop) and the cable TV networks (which use 
different versions of coaxial cables), their results will be probably applied to the 
ultra-fast broadband access over NGA networks. 

Hence, facilities-based competition over NGA networks maximizes the main 
economic and welfare indices since the full benefits stemming from a sustainable 
competition level are achieved. However, given the huge investment cost and the 
uncertainty of NGA investments, it is expected that firms will invest in a sequential 
order rather than simultaneously. As a result, the future goal of the regulatory 
policy should be the provision of sufficient investment incentives that promote 
facilities-based entry in order to foster facilities-based competition over NGA 
networks. In other words, regulators should gradually incentivize the entrants to 
invest in their own access infrastructures once the initial investor has deployed its 
NGA network. 

From the above analysis, it is concluded that there are three distinct phases in 
the evolution of the telecommunications markets which directly affect the optimal 
mixture of regulatory policy. These phases are: (i) the migration from a state 
monopoly market to a competitive telecommunications industry; (ii) the migration 
from service-based competition over copper access networks to service-based 
competition over NGA networks; and (iii) the migration from service-based to 
facilities-based competition over NGA networks. It is obvious that a different 
regulatory policy is required to be implemented in each migration phase in order 
to fulfill the desirable investment and competition outcomes of each phase.  

In fact, each regulatory policy results in a different balance between static and 
dynamic efficiency. The aim of this thesis is to discuss the optimal regulatory 
intervention in each migration phase during the evolution of the 
telecommunications networks. For this reason, the following three chapters study 
the respective regulatory access pricing policy that should be implemented in 
each migration phase in order to achieve the past, the current and the future 
regulatory goal, respectively. In other words, this thesis studies the regulatory 
policies that achieve the required balance between static and dynamic efficiency 
that facilitates each migration.   

In addition, this thesis contributes to each of the three distinct literature branches 
that study the optimal regulatory intervention in each phase of access regulation 
from the liberalization of the broadband markets to the promotion of facilities-
based competition over NGA networks. Figure 2 summarizes the past, the 
present and the future state of telecommunications markets by discriminating 
among the efficiency goals of access regulation in each migration phase and 
allocating the contribution of this thesis to each literature branch.  
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Figure 2: A graphical representation of the thesis 

In particular, the following two articles, which are part of this thesis, study the 
impact of access prices on an entrant‘s incentives to undertake the productively 
efficient make-or-buy decision which is also socially optimal. In this case, both 
productive and allocative efficiency is achieved, and hence, efficient entry occurs 
during the migration from a state monopoly market to a competitive 
telecommunications industry. 

 M. Tselekounis, D. Varoutas, and D. Martakos, ―On the social optimality of 
make-or-buy decisions,‖ Journal of Regulatory Economics, vol. 41, no. 2, pp. 
238–268, Sep. 2012. [26] 

 M. Tselekounis, D. Varoutas, and D. Martakos, ―On the irrelevance of input 
prices from a regulatory perspective,‖ in 5th International conference on 
competition and regulation (CRESSE), 2-4 July 2010, Chania, Greece. [27] 

Furthermore, the following three articles, which are also part of this thesis, study 
the impact of different features of the economics of NGA networks on an 
incumbent‘s incentives to undertake a larger NGA deployment which also 
improves social welfare.  

 M. Tselekounis and D. Varoutas, ―Investments in next generation access 
infrastructures under regulatory uncertainty,‖ Telecommunications Policy, vol. 
37, no. 10, pp. 879–892, Nov. 2013. [28] 

 M. Tselekounis, D. Maniadakis, and D. Varoutas, ―NGA investment incentives 
under geographic price discrimination,‖ in 40th EARIE Conference, 30 August-
1 September 2013, Évora, Portugal. [29] 

 M. Tselekounis, E. Xylogianni, D. Varoutas, and D. Martakos, ―Geographically 
differentiated NGA deployment,‖ in 24th European Regional Conference of the 
International Telecommunications Society (ITS), 20-23 October 2013, 
Florence, Italy. [30] 
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Last, the following article, which is part of this thesis as well, proposes an 
innovative approach to induce facilities-based competition over NGA networks.  

 M. Tselekounis, D. Varoutas, and D. Martakos, ―A CDS approach to induce 
facilities-based competition over NGA networks,‖ Telecommunications Policy, 
vol. 38, no. 3, pp. 311–331, Apr. 2014. [31] 

The above-mentioned research articles are extensively reviewed in the text and 
are enclosed in Appendix A. The last chapter of this thesis concludes the main 
policy implications drawn from the discussion about the past, the present and the 
future state of the telecommunications markets and regulation, summarizes the 
derived research results of the contributed research articles and proposes 
directions for future research. 

It should be also noted that the research towards the completion of this thesis has 
led to the publication of some additional articles that are not at the centre of the 
literature studying the optimal regulatory intervention in each migration phase 
during the evolution of the telecommunications networks. These research articles 
are enclosed in Appendix B without being reviewed in the text.  
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2. FROM MONOPOLY TO COMPETITON: PROMOTING STATIC 
EFFICIENCY 

This chapter discusses the role of access prices in the pursuit of regulators to 
facilitate the migration from a state monopoly market to a competitive 
telecommunications industry. As it has been already stated in the introduction 
section, the effectiveness of such migration is closely related to the ability of the 
access prices to trigger the right amount of downstream entry and upstream 
bypass. Therefore, in this migration phase, regulators should aim at achieving the 
short-run goal of local loop unbundling to promote efficient entry. In other words, 
the optimal access pricing policy should achieve static efficiency by promoting 
sustainable service-based competition in the retail market.  

In particular, this chapter initially presents the access pricing policy that promotes 
both productive and allocative efficiency when a break-even constraint for the 
incumbent does not bind (first-best) and when such constraint does bind (second-
best). Afterwards, it justifies the choice of European regulators to set the access 
price at the marginal cost of providing the access and discusses its relationship 
with the second-best access pricing policy. It should be noted that the main 
advantage of cost-based access charges is that they give the correct make-or-
buy signals to entrants when bypass is a possibility. For this reason, the last part 
of this chapter studies the impact of the competitive structure of the market on the 
effectiveness of access prices to induce efficient make-or-buy decisions in terms 
of both productive and allocative efficiency.   

  

2.1 The first-best and the second-best access pricing policies 

Consider a simple framework in which there is one vertically integrated incumbent 
and a non-integrated entrant that requires access to the incumbent‘s access 
infrastructures in order to compete with the incumbent in the downstream market. 
In this case, the regulator has to determine the access price that achieves static 
efficiency. 

The benchmark situation is analytically provided by Armstrong, Doyle and Vickers 
[6] and Valletti and Estache [32]. It is shown that a benevolent regulator, which 
aims at maximizing social welfare (i.e. the unweighted sum of consumer surplus 
and industry profits), has to set all prices (including access) to marginal costs. 
This implies that the profit margin of the incumbent in both upstream and 
downstream markets is zero since the access price is set at the marginal cost of 
providing the access and the retail price at the marginal cost of supplying the final 
product to consumers. As a result, the socially optimal (first-best) pricing policy 
achieves allocative efficiency since retail prices are driven towards marginal cost 
and enhances productive efficiency since the access is priced at cost.  

However, it is obvious that such an access pricing policy leaves the incumbent 
with zero profits. This implies that when the incumbent incurs significant fixed 
costs in the provision of the access to the entrant, the first-best policy leads the 
incumbent to have a loss. In fact, the incumbent‘s access facilities can be used to 
supply several final services, and hence, an entrant‘s request for access also 
incurs joint and common costs to the incumbent. Therefore, the regulators should 
compensate the incumbents for such fixed costs through the access price. This 
means that access seekers should contribute to the compensation of the 
incumbent for the fixed costs related to the access provision. The literature has 
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come up with different answers to this problem, according to the set of objectives 
pursued by the regulator and to the number of regulatory tools being at the 
regulator‘s disposal [33].     

Concerning the benchmark situation in this case, it is shown by [6] and [32] that 
the optimal theoretical access charge that maximizes social welfare subject to a 
break-even constraint for the incumbent (second-best) is: 

Access price = Marginal Cost of providing the access + Ramsey term 

As a result, when there are fixed costs that should be covered in order to avoid 
the incumbent from making negative profits, the access price should include an 
access markup over the related marginal cost. The Ramsey term is inversely 
proportional to the price elasticity of the demand for the final service, which 
implies that customers of services that are not price sensitive are required to 
contribute more to such recovery. It is thus obvious that every consumer 
contributes to the recovery of fixed costs. Hence, like the benchmark situation in 
the first-best access pricing policy, the optimal access prices are also derived 
together with the prices of the final goods.  

Nevertheless, it seems fair to say that in practice Ramsey pricing principles are 
not often heeded for regulated retail tariffs, and access charges are left to correct 
for the various resulting retail distortions [33]. In addition, the Ramsey charges 
entail some specific drawbacks that make their practical implementation almost 
impossible. Initially, there are some political and legal concerns. For example, the 
incumbent may price discriminate among different downstream firms according to 
the elasticities of demand of the services they supply. Of course, such 
discrimination raises antitrust concerns. However, the most significant argument 
against the use of Ramsey charges is the complexity of the derived access 
markup formula which requires the knowledge of the different elasticities of 
demand. For these reasons, policy makers implement simpler ways to determine 
access charges, such as the cost-based access regulation. 

 

2.2 Cost-based access regulation 

According to Armstrong [33], the chief benefits of cost-based access charges are 
two-fold. First, there is no need for information about the demand for the final 
services. In particular, the only information needed is the cost of providing the 
access which is needed for all reasonable access pricing policies. Second, cost-
based access regulation is the only access pricing policy that gives the correct 
make-or-buy signals to entrants when bypass is a possibility. A third (less 
significant) benefit of such prices is that they are fair and non-discriminatory. This 
means that under cost-based regulation different entrants will not be offered 
different wholesale terms by the incumbent. In conclusion, cost-based access 
regulation is appropriate when access charges do not need to perform the 
additional role of correcting for distortions in the incumbent‘s retail tariff.   

In practice, both in the United States (US) and in the European Union (EU) a light 
regulation with unregulated retail prices combined with ex ante regulation of the 
upstream access component has become dominant. The Telecommunications 
Act of 1996 [34] passed by US Congress and administered by the Federal 
Communications Commission (FCC) as well as the European Commission‘s (EC) 
Regulation on Local Loop Unbundling [3] mandated unbundled access to the 
metallic local loops of incumbent operators at cost-based prices. 
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However, there are many factors that affect the measurement of the cost of 
providing the access. The first methodological factor is the cost base employed. 
In particular, assets may be valued at Historic Costs (HC) or Current Costs (CC). 
The second methodological factor is the cost standard used. There are several 
cost standards, such as Marginal Cost (MC), Long Run Incremental Cost (LRIC), 
Long Run Average Incremental Cost (LRAIC), Total Service Long Run 
Incremental Cost (TSLRIC), Total Element Long Run Incremental Cost (TELRIC), 
Fully Distributed/Allocated Cost (FDC) and Stand-Alone Cost (SAC). Last, the 
methodology or tool used to calculate costs is another source which leads to 
differences in cost measurement. In fact, the two most widely used cost models 
are the top-down approach and the bottom-up approach. It is thus obvious that 
different combinations of cost bases, cost standards and costing approaches 
result in completely different calculations of the cost of providing the access.4  

The European Commission indicated the LRAIC as the preferred costing 
methodology, which is a TSLRIC-type approach. On the other hand, the FCC 
adopted the TERLIC to implement the Telecommunications Act of 1996. The 
building block of both cost standards is LRIC, which reflects the incremental costs 
that arise in the long run with a specific increment in volume of production. 
Therefore, both LRAIC and TELRIC are forward-looking approaches in the sense 
that they estimate the costs of rebuilding specific element of network using 
current technology and best available performance standards. For this reason, it 
is said that LRIC-type approaches are based on the costs of an efficient firm. In 
addition, both LRAIC and TELRIC are based on incremental costs, which equal 
marginal costs for small output changes but may differ substantially from marginal 
costs if they include large output changes up to entire services. Incremental cost 
pricing is relevant for entry decisions, whereas marginal cost pricing is relevant 
for decisions to expand output [35].   

Although incremental cost access pricing encourages efficient entry, it does not 
include any service-specific fixed cost or joint and common/shared costs. 
Therefore, prices based solely on LRIC are generally considered to be too low 
and to not sufficiently compensate the incumbent for any additional costs resulted 
from the entrant terminating and originating its traffic on the incumbent‘s network. 
For this reason, the European Commission adopted the LRAIC costing 
methodology in which the term ―average‖ implies a policy decision to define the 
increment as the total service. Hence, LRAIC includes the service-specific fixed 
costs. On the contrary, the FCC adopted the TELRIC costing methodology which 
allows the allocation of certain joint and common costs that do not vary with the 
presence or absence of the element in question. It should be also noted that 
many European regulators adopted access pricing based on incremental cost 
with limited markups that account for an allocated part of joint and common costs. 
The rationale of this policy is similar to that of the second-best access pricing 
policy: the incumbent should break even. The difference is that although 
regulators generally set uniform markups to promote competition, the application 
of Ramsey principles suggests that a non-uniform markup may be more 
economically efficient [35].      

In conclusion, the short-run goal of mandating unbundled access to the local 
loops of the incumbent at cost-based prices (regardless of the particular 
methodology employed to calculate such cost) was to promote efficient entry by 

                                                            
4
  An excellent definition of the cost bases, the cost standards and the costing approaches used in 

telecommunications is provided by [97]. 
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alternative operators. Indeed, cost-based access regulation has led to improved 
service-based competition in many European countries5, and hence, they do not 
need to perform the additional role of correcting for distortions in the incumbent‘s 
retail tariff. As a result, it seems that consumers enjoy the welfare gains from 
static efficiency (i.e. existing assets were used efficiently and prices were driven 
towards marginal cost). 

However, this expectation lacks of theoretical justification since academic 
research has focused on studying the impact of access prices on an entrant‘s 
incentives to undertake the productively efficient make-or-buy decision. The 
following papers, which are part of this thesis, contribute to the related literature 
by studying the conditions under which (cost-based) access prices induce the 
entrant to undertake the efficient make-or-buy decision in terms of both 
productive and allocative efficiency.   

 M. Tselekounis, D. Varoutas, and D. Martakos, ―On the social optimality of 
make-or-buy decisions,‖ Journal of Regulatory Economics, vol. 41, no. 2, pp. 
238–268, Sep. 2012. [26] 

 M. Tselekounis, D. Varoutas, and D. Martakos, ―On the irrelevance of input 
prices from a regulatory perspective,‖ in 5th International conference on 
competition and regulation (CRESSE), 2-4 July 2010, Chania, Greece. [27] 

These papers are enclosed in Appendix A and reviewed in the next section which 
surveys the literature that studies the impact of access prices on an entrant‘s 
incentives to undertake the efficient make-or-buy decision. 

 

2.3 On the social optimality of make-or-buy decisions 

Many economists argue that cost-based access prices encourage the right 
amount of entry, and hence, lead to service-based competition in the downstream 
market which, in turn, results in lower prices, higher quality and higher social 
welfare. On the contrary, Sappington [36] shows that input (or access) prices are 
irrelevant for an entrant‘s decision to make or buy an input required for 
downstream production when the competition between the providers in the 
downstream market is described by the standard Hotelling model. According to 
Sappington, the reason for this striking result is that previous studies fail to take 
into account the impact of a new entrant‘s make-or-buy decision on subsequent 
retail price competition. When the incumbent sells an upstream input to the new 
entrant, the incumbent faces an opportunity cost of expanding its retail output. 
The incorporation of this opportunity cost into the incumbent‘s total cost makes 
the incumbent act as if its upstream cost of production were equal to the specified 
input price. Therefore, regardless of the input price, the entrant will choose to buy 
(respectively, make) the upstream input whenever the incumbent (respectively, 
entrant) has an innate upstream cost advantage. Therefore, the entrant‘s decision 
always minimizes industry costs and ensures efficient entry and utilization of the 
telecommunications infrastructure. Thus, the entrant always undertakes the 
productively efficient make-or-buy decision. 

In addition, Tselekounis, Varoutas and Martakos [27] complement the work of 
Sappington by studying the effectiveness of input prices on inducing the entrant 
                                                            
5
  For example, the market share of the Greek incumbent operator (OTE) has declined from 100% 

in 2001 to 44.2% in the end of 2011, whereas the wholesale price for full unbundling has declined 
from 12.6€/month in 2002 to 9.1€/month in the end of 2011. (source: [98], [99])  



Modeling the regulatory intervention in the telecommunications market 

23  M. Tselekounis 

to undertake the socially optimal make-or-buy decision. They show that input 
prices do not have an impact on social welfare. The reason is that a marginal 
increase (decrease) in the input price causes a unit increase (decrease) in the 
incumbent‘s profits and a unit decrease (increase) in consumer surplus. As social 
welfare is the unweighted sum of industry profits and consumer surplus, it is thus 
not affected by a marginal change in input prices. Therefore, input prices are 
irrelevant not only for the entrant‘s productively efficient make-or-buy decision, 
but also for the regulator‘s goal to maximize social welfare. In particular, they 
show that regardless of the established price of the upstream input, the entrant‘s 
decision to buy (respectively, make) the upstream input from the incumbent is 
socially optimal when the incumbent (respectively, entrant) is the least-cost 
supplier of the input. As a result, in the equilibrium of the Hotelling model, the 
entrant undertakes the efficient make-or-buy decision in terms of both productive 
and allocative efficiency regardless of the regulated input price. 

However, these results are found to be strongly dependent on the particular 
model of downstream competition. In particular, Gayle and Weisman [37] 
consider the impact of input prices on the entrant‘s incentives to undertake the 
productively efficient make-or-buy decision under alternative downstream 
interactions. They show that input prices are not necessarily irrelevant in the 
Bertrand vertical differentiation model and are not irrelevant in the Cournot model. 
In addition, cost-based input prices always result in the productively efficient 
outcome. This implies that any departure from cost-based input prices may distort 
the efficiency of the entrant‘s make-or-buy decision. 

Tselekounis, Varoutas and Martakos [26] study the robustness of the result 
concerning the irrelevance of input prices to the entrant‘s incentives to undertake 
the productively and allocatively efficient make-or-buy decision when the 
downstream competition is not characterized by the Hotelling model but 
downstream interactions are better described by the Cournot or the Bertrand 
vertical differentiation competition model. They find that the social optimality of 
the entrant‘s make-or-buy decision is affected by two crucial factors: (i) the 
particular level of the price of the upstream input; and (ii) the cost differential 
between the incumbent‘s and the entrant‘s unit costs of producing the upstream 
input. For this reason, they obtain the range of input prices and upstream cost 
differential that induce the entrant to undertake the socially desirable decision. 
They conclude that the entrant‘s productively efficient make-or-buy decision is 
socially optimal for the set of input prices that induce the entrant to undertake the 
efficient decision in the case of Cournot competition and is not necessarily 
socially optimal in the Bertrand vertical differentiation model.  

It is thus obvious that the particular model that describes the competition in the 
downstream market as well as each provider‘s efficiency in producing the 
upstream input have a significant impact on the social optimality of the entrant‘s 
(efficient) make-or-buy decision. This implies that regulators should have perfect 
information about each provider‘s unit cost of producing the upstream input and 
the way that the two providers compete in the downstream market in order to 
draw their optimal access pricing policy. However, when the only goal of 
regulators is to achieve static efficiency, they should simply set the input prices at 
the incumbent‘s marginal cost of producing the upstream input since the results 
of [26] show that regardless of the type of competition, cost-based access prices 
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lead the entrant to undertake the productively efficient make-or-buy decision 
which is also socially optimal.6  

 

2.4 Summary 

Chapter 2 presented the access pricing policy that facilitates the migration from a 
state monopoly market to a competitive telecommunications industry. This implies 
that such optimal (first-best) access pricing policy encourages the right amount of 
downstream entry and upstream bypass leading to service-based competition 
over copper access networks (i.e. achieves static efficiency). In addition, it 
showed that the first-best policy is not feasible in practice, and hence, it 
discussed alternative regulatory policies that improve static efficiency. Particular 
attention was paid to cost-based access prices since they were chosen by many 
regulators in the US and in the EU. The main reason for such choice was the fact 
that pricing the access at cost gives the correct make-or-buy signals to entrants. 

Indeed, the related literature concludes that although the particular model that 
describes the competition in the downstream market has a significant impact on 
the social optimality of the entrant‘s productively efficient make-or-buy decision, it 
does not affect the ability of cost-based access prices to induce the entrant to 
undertake the make-or-buy decision which achieves both productive (i.e. 
minimization of industry costs) and allocative efficiency (i.e. maximization of 
social welfare). Therefore, cost-based access prices fulfilled the past regulatory 
goal of promoting service-based competition over copper access networks.  

However, the introduction section made it clear that both technical and economic 
reasons call for investments in NGA networks. This implies that the current goal 
of regulatory agencies is to encourage investments in NGA networks without 
distorting the subsequent competition outcomes. The next chapter discusses the 
optimal access pricing policy that promotes the current two-fold regulatory goal.   

                                                            
6
 With the exception of an extreme case in the Bertrand vertical differentiation model where the 

incumbent is much more efficient than the entrant in providing the access. 
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3. FROM COPPER TO FIBRE: PROMOTING SERVICE-BASED 
COMPETITION OVER NGA NETWORKS 

This chapter discusses the role of regulators during the migration from copper 
access networks to fibre-based access networks. In particular, this chapter 
discusses the current goal of regulators to provide firms with significant incentives 
to invest in NGA networks without distorting the subsequent competition level.  

After making a short introduction to the main technological aspects of NGA 
networks, this chapter presents the economics of NGA which conclude that cost-
based access prices promote efficient entry and sustainable service-based 
competition within one network but discourage both incumbents and entrants to 
invest in new access infrastructures. This fact reflects the standard trade-off 
between static and dynamic efficiency. For this reason a short analysis 
concerning the economic rationale for deviating from cost-based regulation with 
regard to NGA is made.  

The most prominent example of such deviation is the regulatory framework 
proposed by the EC Recommendation on regulated access to NGA [38] which is 
critically reviewed in this chapter. In addition, this chapter surveys the literature 
that studies the efficiency and other performance implications of new regulatory 
approaches that depart from the main principles governing the regulation of the 
copper access networks (i.e. permanent regulation of the access at usage cost-
based prices). This means that such departure may concern the regulatory 
regime employed (i.e. non-permanent regulation) and/or the characteristics of the 
access pricing formula (i.e. non-usage-based or non-cost-based access prices).  

However, the regulators have significant incentives to deviate from an access 
policy that encourages private investment incentives by implementing the access 
policy that promotes competition once the deployment of the NGA network has 
been made. This thesis models the fact that the regulator might deviate from an 
access pricing rule that compensates the incumbent for the NGA investment risks 
through an investment-contingent access price and instead set the access price 
at the marginal cost of providing the access. Therefore, the impact of regulatory 
uncertainty on an incumbent‘s incentives to undertake the socially optimal 
investments in NGA infrastructures is examined.   

Nevertheless, particular attention has received the implementation of the 
―regulatory holidays‖ access regime, under which the investor is not imposed to 
any regulatory constraints for a pre-determined period of time. The reason for 
such particular attention is the implementation of ―access holidays‖ in the US 
broadband markets and the dispute between the German government and the 
European Commission (EC) about the power of national legislation (which 
envisioned the provision of ―access holidays‖ to the German incumbent operator) 
to limit the discretionary powers of the national regulator in its exclusive right to 
assess whether markets should be regulated or not under EU rules [39]. 

Obviously, such a regulatory policy provides significant investment incentives but 
also ambiguous outcomes in terms of social welfare. This thesis contributes to 
the debate about the effectiveness of ―regulatory holidays‖ in providing efficient 
outcomes by studying: (i) the impact of geographic price discrimination on an 
unregulated monopolist‘s incentives to deploy a larger NGA network and on the 
subsequent social welfare outcomes; and (ii) the optimal decision of an 
unregulated operator to deploy different quality NGA technologies in geographic 
areas which differ in their population density.  
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3.1 A short introduction to NGA networks 

According to the EC Recommendation [38], NGA networks means wired access 
networks which consist wholly or in part of optical elements and which are 
capable of delivering broadband access services with enhanced characteristics 
(such as higher throughput) as compared to those provided over already existing 
copper networks. In most cases NGAs are the result of an upgrade of an already 
existing copper or coaxial access network. 

This general definition implies that fibre optics can replace any part of the copper 
local loop. However, technical restrictions considerably limit the available NGA 
architectures. Depending on the part of the copper wire being replaced, there are 
certain NGA architectures, the most common of which are: (i) Fiber-to-the-Curb 
(FTTC); and (ii) Fiber-to-the-Home (FTTH). 

Regarding the FTTC architecture, the path from the service provider‘s central 
office to the intermediate node (street cabinet) that serves an entire neighborhood 
exclusively consists of optical fibre. The access of each end-user up to the switch 
of the street cabinet is realized using the standard copper cables used for the 
PSTN network and Very High Speed DSL (VDSL) technology over copper cables. 
Depending on both technology and distance, end-users experience symmetric or 
asymmetric data rates of up 100Mbps according to the copper length. 

The FTTC architecture provides the incumbent with the advantage of connecting 
its subscribers to existing copper cable infrastructure in the first mile. Additionally, 
it has lower capital requirements since the NGA investment is done only in part of 
the access network. However, it has limited time frame since there is a need for 
capacity doubling every two years. 

According to the FTTH architecture, the path from the service provider‘s central 
office to the end user exclusively consists of optical fibre. The fibre is terminated 
inside the home or the workplace of the end-user. Therefore, each device at the 
subscriber premises is connected through a dedicated optical fibre to a switch 
port located at the central office or to the optical splitter which, in turn, is 
connected to the central office via a single feeder fibre.  

Three FTTH technologies are mature enough to use in an NGA investment. The 
choice of each technology depends on the type of the transmitted service, the 
infrastructure cost, the existing infrastructure and future plans towards new 
technologies. 

 Gigabit Passive Optical Network (GPON). In GPON scenario a first 
aggregation switch is located in the cabinet between the central office and the 
user premises. In passive optical networks, each customer is connected to the 
optical network via a passive optical splitter. 

 Point-to-Point (P2P). Active Ethernet, also known as Ethernet Switched 
Optical Network (ESON) or Point to Point (P2P) network provides a dedicated 
optical fibre from the outdoor active equipment to each end-user. 

 Point-to-Point Ethernet (P2PE). In P2PE scenario a first aggregation switch 
is located in the cabinet between the central office and the user premises. The 
architecture is similar to the one of GPON with the difference that there is 
active equipment in the cabinet.  
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Figure 3: Different NGA architectures (source: [40]) 

 

3.2 The economics of NGA 

This section makes a short introduction to some specific economic aspects of 
NGA investments which should be taken into account during the assessment of 
the level of access prices that encourage the migration from service-based 
competition over copper access networks to service-based competition over NGA 
networks.  

 

3.2.1 The riskiness of NGA investments 

Investments in NGA networks not only require a high initial fixed cost, but also 
are mainly sunk once they have been made. This implies that there are many 
factors influencing the riskiness of an NGA investment project, the most 
significant of which are [38], [41], [42]: 

 Demand uncertainty. This type of uncertainty is related to the uncertainty 
about future demand for the new fibre-based services. In particular, it includes 
the uncertainty about: (i) the penetration of the customer base; (ii) the 
consumers‘ willingness to pay for the new fibre-based services; (iii) market 
dynamics and the evolving competitive situation, such as the degree of 
infrastructure-based and/or cable competition; and (iv) the market shares of 
the investor and the access seekers.  

It is obvious that the higher the penetration of the potential customer base, the 
higher the profitability of the investment becomes. Moreover, if the penetration 
does not reach the critical mass that is required for the creation of the new 
fibre-based services market, the NGA investment may not even be profitable 
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at all. In addition, intense facilities-based competition due to the existence of 
competing network platforms, such as cable networks, increases the risk of 
both penetration and investor‘s market share. Furthermore, the co-existence 
of a remaining copper network DSL platform and a new fibre NGA platform 
increases the risk of the future demand for the new fibre-based services. In 
particular, the higher the migration period from copper-based services towards 
NGA-based services, the higher the risk of the penetration of the new NGA-
based services. Last but not least, although it is expected that the willingness 
to pay for the new services will be higher than for the existing ones (since the 
former offer improved characteristics, such as better quality and higher data 
rate), it is doubtful that this increase in consumers‘ willingness to pay will be 
sufficient for recovering the investment cost. 

 Regulatory uncertainty. According to [38], regulatory certainty is a key to 
promoting efficient investments by all operators. Applying a consistent 
regulatory approach over time is important to give investors confidence for the 
design of their business plans. Regulatory certainty is provided by fixing the 
principles of tariff regulation for the whole period of the economic lifecycle of 
an NGA investment. However, regulatory certainty bears the risk of erroneous 
intervention stemming from the argument that a regulator‘s initial assessment 
may be mistaken. In fact, it is socially not optimal for the regulator to make ex 
ante commitments for an unreasonably long regulatory period [42]. Therefore, 
in providing greater regulatory certainty the regulator has to make another 
trade-off between the positive effects of greater certainty on investment 
incentives and possible negative effects of erroneous intervention on welfare 
[43]. As a result, regulatory uncertainty is related to the regulator‘s limited 
ability to make ex ante credible commitments. In order to mitigate the 
regulatory uncertainty associated with periodical market reviews, National 
Regulatory Authorities (NRAs) should clarify to the greatest extent possible 
how foreseeable changes in market circumstances might affect remedies. 

 Systematic risks. Systematic risk is the variability in outcome caused by 
macro-economic or economy wide events. This type of uncertainty includes 
the macro-economic uncertainty relating to the general development of the 
whole economy and the changes in exchange and interest rates as well as the 
uncertainty related to technological progress and the costs of deployment. 

Considering the significance of the factors affecting the riskiness of an NGA 
investment project, we would acknowledge the reasons that make potential 
investors reluctant to invest in NGA networks unless they are reimbursed for the 
risk they incur when investing in such networks. It is thus expected that cost-
based access prices will not provide potential investors with incentives to deploy 
NGA networks since, under this regime, the investors bear the whole risks of the 
NGA deployment. The next section reviews the literature that studies the impact 
of cost-based access prices on promoting investment in network upgrade in order 
to assess whether such expected negative relationship is scientifically proven.  

 

3.2.2 Cost-based regulation of access to NGA networks 

A significant part of the literature studying the relationship between access 
regulation and investment in network upgrade tries to develop theoretical and 
empirical models in order to assess the impact of cost-based access prices on 
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promoting both static and dynamic efficiency.7 Although a cost-based access 
pricing policy is clearly beneficial in the short term, Jorde, Sidak and Teece [44] 
provides a detailed economic analysis to show that mandatory unbundling at 
cost-based prices, such as those based on TELRIC methodology, cannot serve 
as a stepping stone from service-based to facilities-based competition because it 
distorts the investment decisions of both incumbents and entrants. In particular, 
the incumbents are adversely affected to upgrade existing facilities or to invest in 
new ones, whereas the entrants are encouraged to deviate from the socially 
optimal level of investment and entry. Therefore, when firms invest under 
regulatory certainty (i.e. the regulator sets the access price prior to the investment 
decisions), cost-based access prices achieve static efficiency but fail to promote 
dynamic efficiency. 

However, when firms consider that the regulator cannot make ex ante credible 
commitments, which implies that they invest prior to the regulation of the access 
(i.e. under regulatory uncertainty), they expect that the regulator will set the 
welfare-maximizing policy (i.e. cost-based access prices) once the NGA network 
has been in place [45]. In a such non-commitment setting, Foros [46] studies the 
impact of cost-based access regulation on an incumbent‘s incentives to invest in 
network quality in the presence of spillover effects. He shows that cost-based 
access prices discourage the incumbent to invest in network quality unless it is 
much more efficient than its rivals in the downstream market. In the latter case, it 
may use overinvestment as an alternative foreclosure tool. In addition, Kotakorpi 
[47] points out that, under cost-based regulation, the incumbent underinvests in 
relation to the socially optimal level.  

Although most theoretical studies conclude that unbundling of the local loop at 
usage (forward-looking) cost-based prices has a negative impact on an 
incumbent‘s incentives to invest in new infrastructures, empirical studies provide 
mixed results. A significant part of these empirical findings use data from the US 
market in which the access prices are set according to the TELRIC methodology. 
Ford and Spiwak [48] analyze the 2002 and 2003 local loop rates in order to 
show that access prices based on TELRIC are associated with increased 
availability of broadband services and increased availability of competitive 
broadband services. Thus, such an unbundling policy dampens neither 
broadband availability nor incumbent‘s investment incentives. Willig [49] uses US 
annual data over the 1992-2002 period and finds that that the elasticity of an 
incumbent‘s investment with respect to TELRIC prices is such that a 1% 
reduction in TELRIC prices may be expected to lead to an increase in 
incumbent‘s investment of between 2.1% and 2.9%. Hence, these studies 
support that low access prices incentivize incumbents to invest in network 
upgrade in order to protect their market shares. 

Many other empirical studies argue that mandatory unbundling distorts the 
incumbents‘ incentives to invest. Chang, Koski and Majumdar [50] use annual US 
data from 1994 through 1998 to show that lower access prices provide the US 
incumbents with disincentives to invest. In addition, Ingraham and Sidak [51] 
study the daily returns of the three largest US incumbents (BellSouth, SBC 
Communications, and Verizon) from January 1996 to December 2002. Their 
empirical findings support that mandatory unbundling at TELRIC prices has 
decreased the US incumbents‘ incentives to invest in their own networks. Actual 

                                                            
7
  See Cambini and Jiang [100] for an excellent review of the theoretical and empirical literature 

on the relationship between broadband investment and regulation. 
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data from five countries (the USA, the UK, New Zealand, Canada and Germany) 
over the 1993-2003 period show that mandatory unbundling of the local loop 
leads the incumbents to decrease their capital expenditures [52].  

Contrary to previous results, Friederiszick, Grajek, and Röller [53] use a 
comprehensive panel data set (180 fixed-line operators in 25 European countries 
observed from December 1997 to December 2006) and find that incumbents‘ 
investments in network upgrade are relatively indifferent to the unbundling policy 
that boosts entry by alternative operators. However, Grajek and Röller [54] using 
almost the same data set show that when the econometric model accommodates 
the strategic interaction of entrants‘ and incumbents‘ investments as well as an 
endogenous treatment of regulation, then it results in a significant negative effect 
on the incumbents‘ incentives to invest in network upgrade. In a more recent 
study, Garrone and Zaccagnino [55] carry out an empirical analysis on a sample 
of incumbents from 27 OECD countries (1993-2008 period) and show that 
mandatory unbundling that boosts service-based competition reduces the 
incumbent‘s incentives to invest unless a certain degree of rivalry has already 
emerged in the markets. 

As Jung, Gayle and Lehman [56] point out, although an incumbent‘s incentives to 
invest is positively related to the entrants‘ market shares and negatively to the 
absolute number of entrants, this competitive effect becomes weaker in a 
dynamic framework. Therefore it is uncertain whether competition spurred by 
mandatory unbundling encourages investments in new infrastructures by the 
incumbents. However, the impact of such unbundling policy on the entrants‘ 
incentives to invest in alternative access infrastructures in order to be facilities-
based competitors is unambiguously negative.  

Friederiszick, Grajek and Röller [53] also assess the impact of unbundling on the 
entrant‘s investments in alternative infrastructures. They find that entry regulation 
provides entrants with disincentives to invest since they show that entrants would 
more than double their infrastructure over 5 years if they had no regulated access 
to the incumbents‘ local loops. Grajek and Röller [54] use almost the same 
comprehensive data set to confirm that easier access pushes entrants towards 
service-based competition even if the econometric model accommodates the 
strategic interaction of entrants‘ and incumbents‘ investments as well as an 
endogenous treatment of regulation. According to Valletti [8], the reason for such 
negative relationship between an access policy that promotes efficient entry and 
the entrant‘s incentives to invest in alternative access networks is that potential 
entrants, who can free-ride on the incumbent‘s network, will wait for the 
incumbent to invest in access infrastructures and then seek access.  

The main conclusion from the above analysis is that an access pricing policy that 
boosts efficient entry and promotes service-based competition within one network 
(such as cost-based access prices) not only discourages incumbents and, 
especially, entrants to invest in new facilities, but also results in a substantial 
deviation from the socially desirable outcomes in terms of network deployment 
and timing of investments, implying significant losses in dynamic efficiency [23].  

The next section discusses the conditions under which a deviation from 
regulating the NGA access at usage cost-based prices is socially optimal in the 
sense that it may mitigate the trade-off between static and dynamic efficiency.  
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3.2.3 The economic rationale for deviating from cost-based regulation 

According to the EC [38] ―the EU single market for electronic communications 
services, and in particular the development of very high-speed broadband 
services, is key to creating economic growth and achieving the goals of the 
Europe 2020 strategy. The fundamental role of telecommunications and 
broadband deployment in terms of EU investment, job creation and overall 
economic recovery was notably highlighted by the European Council‖. In addition, 
referring to work undertaken by the OECD [57], the EC [58] states that ―the cost 
savings in just four sectors of economy (transport, health, electricity and 
education) would justify the construction of a national FTTH network‖. It is thus 
obvious that ―the social benefits from investment in digital infrastructures by far 
exceed the private incentive for investment‖ [59]. The reason is that like many 
infrastructure investments, NGA networks may create positive spillover effects 
that are not captured in any individual user‘s willingness to pay. This implies a 
clear public policy case for governments to facilitate the roll out of NGA networks 
by reducing the risk for the investor [60].  

Recent empirical studies have tried to quantify the positive impact of investing in 
broadband infrastructures on the main economic and social indices, with the 
research focus shifting towards the impact of higher speed services. Considering 
that broadband penetration may be endogenous to the growth process, Czernich, 
Falck, Kretschmer and Woessmann [16] estimate the effect of broadband 
infrastructure investments on economic growth in the panel of OECD countries in 
1996–2007. They find that after a country had introduced broadband, GDP per 
capita was 2.7–3.9% higher on average than before its introduction. In terms of 
subsequent diffusion, an increase in the broadband penetration rate by 10 
percentage points raised annual growth in per capita GDP by 0.9–1.5 percentage 
points. Furthermore, Katz, Vaterlaus, Zenhäusern and Suter [18] estimate the 
impact of broadband infrastructure investments on German employment and 
economic output, following the government‘s National Broadband Strategy that 
extends through 2014 and the subsequent ultra-broadband evolution from 2015 
to 2020. They find that a total investment of close to 36 billion euros in broadband 
infrastructures would generate a total of approximately 1 million incremental jobs 
and an additional value added of 33.4 billion euros, while network externalities 
would result in an additional 137.5 billion euros. In total, this results in 170.9 
billion euros of additional GDP (0.60% GDP growth) in Germany.  

The main conclusion of the above analysis is that when there are significant 
social benefits stemming from NGA investments but the private investment 
incentives are weak, the regulator should reduce the investment risk in order to 
encourage the wide deployment of NGA networks. This view is also expressed in 
the Digital Agenda for Europe [61]: ―without strong public intervention there is a 
risk of a sub-optimal outcome, with fast broadband networks concentrated in a 
few high-density zones with significant entry costs and high prices. The spill-over 
benefits created by such networks for the economy and the society justify public 
policies guaranteeing universal broadband coverage with increasing speeds‖.  

Considering the positive impact of NGA investments on the economy and the 
inappropriateness of cost-based access prices for promoting such investments, 
the European Commission (EC) issued a Recommendation on regulated access 
to NGA providing the NRAs with guidelines for tackling the trade-off between 
fostering competition and promoting investments with regard to NGA networks.   
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3.3 A critical review of the EC Recommendation on regulated access to 
NGA networks 

This section presents the main principles of the EC Recommendation on 
regulated access to NGA [38] and discusses its effectiveness on achieving its 
primary goal ―to foster the development of the single market by enhancing legal 
certainty and promoting investment, competition and innovation in the market for 
broadband services in particular in the transition to next generation access 
networks‖. According to the Recommendation, where an investor operator with 
Significant Market Power (SMP) is found within Market 4 (market for wholesale 
network infrastructure access) and/or Market 5 (wholesale broadband access), an 
appropriate set of remedies should be applied. 

The building block of the Recommendation is the fact that when investments in 
non-replicable physical access are not specific to the deployment of NGA 
networks (and do not entail a similar level of systematic risk), the risk profile 
should not be considered to be different from that of existing copper 
infrastructure. In this case, the access is also regulated at cost-based prices 
which imply a reasonable return on capital employed. On the contrary, when 
investments in non-replicable physical access are specific to the deployment of 
NGA networks, the investor should be compensated for any additional and 
quantifiable investment risk incurred by investing in NGA networks. Such 
compensation takes place by including an access markup, which reflects the 
additional risk of the NGA investments, in the Weighted Average Cost of Capital 
(WACC) calculation currently performed for setting the price of access to the 
unbundled copper loop.  

Therefore, the access to NGA networks is regulated at cost-based prices which 
include a risk premium that compensates the investor for any additional and 
quantifiable investment risk. According to the Dutch Regulatory Authority (OPTA), 
the total access price includes four elements [62]: 

 The cost of providing the access to the NGA networks. 

 The WACC applicable to the existing copper local loop. In the course of time 
this WACC is expected to fluctuate relatively little. 

 The fibre premium which is a premium to the WACC for the copper local loop 
that takes account of the uncertainty about future demand for fibre-based 
services and the systematic risks of NGA investments. It is expected that the 
fibre premium will be higher at the beginning of the investment and will 
decrease gradually in the course of time as uncertainty over the demand for 
new fibre services decreases. 

 The regulatory risk premium which compensates the investor for the 
regulatory uncertainty.  
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Figure 4: Cost-based access price including an all-risk premium (based on [62]) 

In addition, criteria such as the existence of economies of scale, high retail 
market shares, control of essential infrastructures and privileged access to equity 
and debt markets are likely to mitigate the risk of NGA investment for the SMP 
operator, and hence, should lead to a decrease in the access price. More 
interestingly, additional mechanisms serving to allocate the investment risk 
between investors and access seekers and to foster market penetration, such as 
ex ante and ex post contracts, could also be used. In such cases, the risk 
premium is reduced accordingly. The recommended risk-sharing mechanisms 
are: 

 Volume Discounts. This scheme is based on the fact that the investment risk 
decreases with the total number of fibre loops already sold in a given area. 
Under this scheme, access prices vary in accordance with the volume 
purchased. Once the access seeker reaches some pre-determined 
thresholds, it has access to lower access prices. The higher the threshold is, 
the lower the access price becomes. Hence, volume discounts incentivize 
access seekers to increase their retail activities and decrease the investment 
risk incurred by the investor. This, in turn, leads to higher investments and to a 
more intense competition in the retail market.  

 Long-term contracts. This scheme is also based on the fact that investment 
risk decreases with the total number of fibre loops already sold in a given 
area. Unlike volume discounts, long-term contracts are related to an ex ante 
commitment from the access seeker for using a certain number of fibre loops 
for a certain period of time. It is reasonable that long-term access contracts 
would be priced at a lower level per access line than short-term access 
contracts since the longer the commitment, the lower the investment risk 
incurred by the investor.  

It can be deduced that long-term contracts provide more certainty to the investor 
than volume discounts because long-term contracts are related to an ex ante 
commitment, whereas volume discounts becomes valid ex post. Therefore, the 
former risk sharing scheme provides more incentives for NGA investments than 
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the latter. Furthermore, long-term contracts incentivize the access seeker to 
increase its retail activities in order to fulfil its commitment. It can be argued that 
the access seeker‘s effort to increase its retail activities is much greater in the 
case of long-term contracts than volume discounts because in the first case the 
access seeker strives to reach a certain market share in the retail market (or fulfil 
its commitment that provides it with a low access price which is lower than 
volume discounts), whereas in the second case it strives to take a discount 
without having made any commitment. Therefore, it is expected that long-term 
contracts rather than volume discounts will lead to more intense competition 
between the operators that participate in a risk sharing scheme. It should be 
noted that long-term contracts give the opportunity to alternative operators to 
compete with the investor not only in the retail market, but also in the wholesale 
market by reselling the long-term capacity (if not prohibited or restricted by the 
contractual arrangements or the NRAs).  

In conclusion, the EC envisions that a cost-based access price that includes a 
risk premium for compensating the investor for NGA specific-risk strikes a 
balance between on the one hand providing adequate incentives for undertakings 
to invest (implying a sufficiently high rate of return) and promoting allocative 
efficiency, sustainable competition and maximum consumer benefits on the other 
(implying a rate of return that is not excessive).  It can thus be deduced that the 
current goal of the regulatory policy in Europe is to promote sustainable service-
based competition over NGA networks. Given that the prospective investors in 
NGA networks (and probably the SMP operators) are for large part the former 
incumbent operators [42], [43], the regulatory goal is to provide the incumbents 
with significant incentives to invest in new fibre-based access networks and foster 
competition in the retail market.  

European Telecommunications Network Operators‘ Association (ETNO), which 
comprises most of the European incumbents, had already argued that the 
proposed risk premium will not solve the lack of incentives for widespread NGA 
roll-out in Europe [63]. The first reason is that a risk premium removes the 
structural disadvantages of investing only when the NGA investment turns to be 
successful. Otherwise, the incumbent has to bear all the cost alone since the risk 
premium does not have any impact on the incumbent‘s revenues. According to 
the second reason, even if the probability of success is relatively high, the 
proposed risk premium does not reflect the structural cost advantage of the 
second-movers (or, the access seekers) over the investors. Firstly, the second 
mover can choose between a fixed and a variable cost structure when facing 
demand uncertainty, heterogeneity, geographical differences and demand 
evolving over time. This option is widely known as ―make-or-buy‖. Secondly, the 
access seeker can exit the market at low cost (before making its own 
investment), whereas the investment of the first mover is typically sunk. Thirdly, 
the second mover has the option to enter the market once the critical mass has 
been created. This option is known as ―wait-and-see‖. In addition, even if a risk 
premium results in higher wholesale revenues for the investor, raising prices for 
the new infrastructure may lead to a competitive disadvantage of NGA networks 
vis-à-vis competing platforms and the existing copper network that often will 
coexist with NGAs for some time.  

On the other hand, European Competitive Telecommunications Association 
(ECTA), with members the majority of the European alternative service providers, 
argues that alternative operators are in a similar position as the incumbent 
operators [42]. In particular, ECTA argues that alternative operators invest in all 
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network elements that are replicable and they seek access to network elements 
that are not replicable. These investments can be also characterized as sunk. 
Furthermore, the ―wait-and-see‖ option is not costless because if the alternative 
operator decides to enter the market later, the first mover will have already taken 
over the most interesting part of the market. Hence, it becomes more difficult or 
more costly for the alternative network operator to reach the critical market share 
which is necessary for its viability. Last but not least, the ―make-or-buy‖ option is 
of low interest in the case of NGA, and especially in the case of FTTH, because 
the degree of replicability of such networks is very limited. ECTA concludes that 
the risk premium should only reflect the uncertainty about future demand for new 
fibre-based services and the regulatory uncertainty. Moreover, the reduction of 
risk for the investor due to the adoption of risk sharing schemes should be 
reflected in the risk premium and there should be a sufficient margin between 
wholesale and retail prices to avoid margin squeeze. 

It is thus obvious that there is high ambiguity about the effectiveness of a risk 
premium on encouraging the incumbents to invest in NGA networks and fostering 
service-based competition over NGA networks. However, the main innovation of 
the EC Recommendation is that it deviates from the traditional regulation of the 
access at cost-based prices by including an access markup into the access 
pricing formula. The next section reviews the research articles that shift their 
focus from studying the impact of the principles governing the regulation of the 
copper access networks on static and dynamic efficiency to the deployment of 
new regulatory approaches that may promote both static efficiency and 
investments in NGA networks. 

 

3.4 The efficiency implications of alternative regulatory approaches: A 
literature review 

The previous section showed that the current regulatory goal is to encourage the 
incumbent to invest in new fibre-based access networks and simultaneously 
promote service-based competition over such networks. The official proposal 
described by the EC Recommendation states that the access to the incumbent‘s 
NGA network should be provided at cost-oriented prices including a risk premium 
to reflect any additional and quantifiable investment risk incurred by the investor. 
Risk allocation mechanisms, such as long-term access pricing and volume 
discounts, which decrease the risk that an investor incurs when investing in NGA 
networks, lead to a respective decrease in the risk premium. 

This section reviews the literature that provides alternative regulatory practices 
which aim at achieving the current regulatory two-fold goal. This implies that such 
regulatory approaches deviate from implementing the principles governing the 
regulation of the unbundled copper loop to the regulation of the access to NGA 
networks. In other words, the proposed approaches depart from regulating the 
NGA access at usage cost-based prices which are designed to stimulate 
competition in the market by facilitating entry of alternative operators at the cost 
of dynamic efficiency. Therefore, this departure can take three different forms:  

 Deviation from cost-based access prices. This deviation concerns the access 
pricing policy. 

 Deviation from the permanent regulation of access. This deviation concerns 
the regulatory regime employed. 
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 Deviation from usage access prices. This deviation concerns the access 
pricing formula. 

The next sections classify the research articles that propose alternative regulatory 
approaches according the form of deviation from the permanent regulation of 
NGA access at usage cost-based prices and discuss their performance and 
efficiency implications.  

 

3.4.1 Deviation from cost-based access prices 

The EC Recommendation provides a first approach that deviates from the 
standard cost-based access pricing policy since it proposes the inclusion of an 
access markup into the access price in order to compensate the incumbent for 
the NGA investment risk. A second significant deviation discussed in the related 
literature concerns the regulation of the access to NGA networks at investment-
contingent access prices. Such prices are dependent on the level of the 
investment, and hence, higher NGA deployment results in higher access prices. 
Therefore, the investor is compensated for the higher uncertainty of an NGA 
deployment in more rural areas and/or a fibre deployment closer to the 
consumers‘ premises.  

A first set of papers studies the effectiveness of particular investment-contingent 
access prices on encouraging the incumbent to undertake the socially optimal 
investments in NGA networks (i.e. encouraging the incumbent to invest in NGA 
networks and simultaneously achieving static efficiency) under regulatory 
certainty.8 For this reason, these papers assume that the regulator can make ex 
ante credible commitments, and hence, the regulator sets the access price prior 
to the investment decisions. In this context, Henriques [64] and Sauer [65] show 
that contrary to a fixed access charge, an access fee that is contingent on firms‘ 
(non-overlapping) investments can implement the socially efficient investment 
level. This outcome holds either if the access charge depends on the investments 
of both the incumbent and the entrant (former article) or on each operator‘s own 
investment level (latter article). 

Although this modeling setup is consistent with the EC Recommendation on 
regulated access to NGA, it is widely known that the regulator has significant 
incentives to deviate from an investment-contingent access price (once the 
investments are in place) by setting the access price at the marginal cost of 
providing the access in order to maximize social welfare. As a result, a second 
set of papers studies the impact of access regulation on investment incentives 
and retail competition under regulatory non-commitment. In this case, it is 
assumed that the regulator cannot make ex ante credible commitments, and 
hence, the firms invest prior to the regulation of the access.   

                                                            
8
 In a static framework (or in a hypothetical world of economic certainty), the incumbent may 

invest under regulatory certainty if the investment decision is undertaken after the regulation of 
the access price. However, the regulation of the access is a dynamic process and regulatory 
remedies are also imposed after the investment decisions. Although theoretical static models are 
useful for giving an insight into regulatory policies, we should keep in mind that uncertainty can be 
reduced to risk, possibly even low risk, but not certainty. This fact is also considered in the EC 
Recommendation since NRAs are encouraged (in order to provide greater certainty) to clarify to 
the greatest extent possible (i.e. not to fully commit) how foreseeable changes in market 
circumstances might affect remedies. 
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Klumpp and Su [66] assume an investment-contingent access price which is 
revenue-neutral. This implies that each downstream firm contributes to the 
depreciation of the investment costs according to its market share. They show 
that, under this rule, the incumbent chooses a higher investment level compared 
to that of a monopolist and its investment incentives increases with the number of 
downstream competitors. Thus, they argue that a policy of revenue-neutral open 
access can increase both static and dynamic efficiency. Sarmento and Brandao 
[67] compare the investment and competition outcomes of an access price which 
equals the marginal cost of providing the access plus the average cost of the 
investments with those derived by the retail-minus regulation and the 
deregulation of the access price. They conclude that retail-minus regulation leads 
to better results than cost-based plus regulation in terms of investment level and 
consumer surplus as long as the regulator carefully defines the retail-minus 
instrument. 

It can thus be concluded that the related literature provides useful results 
concerning the effectiveness of particular access pricing schemes on promoting 
both static and dynamic efficiency. However, the articles that examine the 
relationship between access regulation and investment incentives under 
regulatory non-commitment take the regulator‘s decision as given. As a result, 
they fail to take into account the fact that there is uncertainty about the access 
pricing policy once the investments are in place. In particular, some articles 
assume that the firms anticipate that the regulator will set the welfare-maximizing 
access price [46], [47], whereas others  assume that the investment-contingent 
access price is ex ante known [66], [67]. However, in fact, it is uncertain whether 
the regulator will set an investment-contingent or a welfare-maximizing access 
price after the NGA deployment.  

The following article, which is part of this thesis, models this fact in order to study 
the impact of regulatory uncertainty on an incumbent‘s incentives to undertake 
the socially optimal investments in NGA networks.  

 M. Tselekounis and D. Varoutas, ―Investments in next generation access 
infrastructures under regulatory uncertainty,‖ Telecommunications Policy, vol. 
37, no. 10, pp. 879–892, Nov. 2013. [28] 

The motivation, the modeling setup and the main results of this article are 
presented in the next section.  

 

3.4.1.1 Investments in Next Generation Access infrastructures under 
regulatory uncertainty 

The related literature discusses the effectiveness of two different regulatory 
approaches on the regulator‘s goal to achieve the socially efficient investment 
level when it sets the access price after the investment decision of the incumbent. 
The first approach supports that the regulator sets a particular investment-
contingent access price, which compensates the incumbent for the investment 
risks, in order to provide significant investment incentives. On the contrary, the 
second approach argues that the regulator deviates from such ex ante known 
access price (once the investments are in place) by setting the access price at 
the marginal cost of providing the access in order to maximize social welfare. 

Tselekounis and Varoutas [28] modeled the more realistic case in which the 
regulator sets the access price at the marginal cost of providing the access with 
some probability and gives an access markup, which equals the average cost of 
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the investments, with the complementary probability. Therefore, it is uncertain 
which of the two assumptions made in the related literature will prevail when the 
new access infrastructures are in place.   

A non-commitment setting is used in order to take account for regulatory 
uncertainty. In addition, the retail (downstream) market is characterized as an 
unregulated duopoly market in which the incumbent (the subsidiary firm of the 
upstream monopolist) and the entrant (the independent firm) choose quantities 
simultaneously and independently (i.e. firms compete á la Cournot). The level of 
NGA investment undertaken by the incumbent leads to an outward parallel shift in 
the demand, and hence, NGA investments have a positive impact on the demand 
for the new fibre-based services. Furthermore, the incumbent faces a quadratic 
NGA investment cost function with respect to the investment level implying that 
the slope of the marginal investment cost function is linear and increasing in the 
investment level.  

The privately and the socially optimal investment levels are derived as a function 
of the probability [0,1]  of incorporating into the access price an access 

markup, which equals the average cost of the investments, in order to fully 
compensate the incumbent for the NGA investment risk. A first significant finding 
is that a marginal increase in such probability positively affects the private 
investment incentives and negatively affects the socially optimal investments. The 
comparison of the privately and the socially optimal investment levels show that 
there is a unique positive value   denoted by   which induces the incumbent to 

undertake the socially optimal investments. If    (respectively,   ), the 

NGA investment level chosen by the incumbent is higher (respectively, lower) 
than the socially optimal one. This implies that any deviation from the socially 
optimal investments leads to welfare losses. 

A second significant result is that the derived value of   is significantly affected 

by the impact of the investments on demand and the slope of the marginal 
investment cost function. In particular, the value of   is positively affected by an 

increase in the impact of investments on demand and negatively affected by an 
increase in the slope of the marginal investment cost function (ceteris paribus).  
This implies that, for a given slope, higher consumers‘ valuation for the NGA 
services results in higher  , which, in turn, leads to higher efficient investment 

levels. In other words, higher consumer consumers‘ valuation for the NGA 
services makes the investments more socially desirable, and hence, the socially 
optimal investment level is achieved for a higher probability of compensating the 
incumbent for the investment risks. This result positively affects the incumbent‘s 
investment incentives, and hence, the achieved efficient investment level 
increases as well.  

On the contrary, for a given positive impact of the investments on demand, a 
steeper slope of the marginal investment cost function leads to lower values of 
 . This implies that as the NGA investment becomes marginally more expensive, 

the society is better off by a lower NGA deployment which is achieved by a higher 
probability of setting the access price at the marginal cost of providing the 
access. Therefore, the efficient NGA investment level is achieved for lower values 
of  . 

Combining the two aforementioned significant results leads to the main result of 
Tselekounis and Varoutas [28]:  
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(i) When the slope of the marginal investment cost function is not particularly 
steep in relation to the positive impact of investments on demand, the 
incumbent always underinvests compared to the socially optimal investment 
level. The reason is that the critical value of the probability of including an 
access markup into the access price ( ) is higher that 1. This implies that the 

socially desirable outcome cannot be achieved even if the regulator commits 
to an access price scheme that includes an access markup equal to the 
average cost of the investments. In this case, a higher access markup which 
leads to 1  seems to be socially desirable. 

(ii) On the contrary, in the more realistic case when the impact of investments on 
demand is low in relation to the slope of the marginal investment cost function, 
the incumbent may overinvest or underinvest depending on the probability of 
incorporating an access markup into the access price. In this case (0,1) , 

and hence, the incumbent overinvests for high probability of incorporating an 
access markup into the access price and underinvests for low probability 
values. As a result, the optimal social welfare outcome cannot be achieved 
with the incumbent‘s profit maximizing investment level when   . This 

implies that regulatory uncertainty significantly affects the incumbent‘s 
incentives to undertake the socially optimal investments in NGA networks. 

 

3.4.2 Deviation from the permanent regulation of access 

Another significant deviation from the principles governing the regulation of the 
copper access networks concerns the particular regulatory regime employed. The 
regulation of the copper access networks is based on the permanent regulation of 
access in order to promote efficient entry. Although the EC Recommendation 
proposes the implementation of permanent regulation to the NGA networks, other 
regulatory regimes have recently attracted the interest of many academics and 
policy makers due to the lack of investment incentives provided by the permanent 
regulation of access to the new access infrastructures.  

The two extreme regulatory regimes are the ―permanent regulation‖ and the 
―regulatory forbearance‖. Permanent regulation implies that the ex ante imposed 
remedies hold for the whole lifecycle of the NGA investment, whereas regulatory 
forbearance refers to the situation where there is no ex ante regulation on NGA 
networks. It is obvious that regulatory forbearance maximizes investment 
incentives but also creates significant barriers to entry for access seekers. 
Therefore, regulatory forbearance will probably fail to promote both static and 
dynamic efficiency. ―Regulatory holidays‖ and ―sunset clauses‖ are intermediate 
regulatory regimes between regulatory forbearance and permanent regulation. 
Under regulatory holidays, the investor is not imposed to any regulatory 
constraints for a pre-determined period of time, whereas by imposing a sunset 
clause, the regulator commits that access obligations will be withdrawn after a 
pre-determined date.  

Charalampopoulos, Katsianis and Varoutas [68] as well as Gavosto, Ponte and 
Scaglioni [69] use a real option approach to study the impact of the four different 
regulatory regimes (permanent regulation, regulatory forbearance, regulatory 
holidays and sunset clauses)  on the timing of the investment decision of an 
incumbent to expand to a new network infrastructure. The former article shows 
that regulatory holidays induce the incumbent to expand its current network as 
soon as the regulatory holiday season ends, which is long before the expiration 
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date of the option to expand. However, concerning the incumbent‘s discounted 
profits, regulatory forbearance and sunset clauses give identical results, followed 
by regulatory holidays and permanent regulation. The latter article concludes that 
investment is carried out immediately under forbearance and regulatory holiday 
regimes, while it is delayed by around two years in the other cases. Therefore, it 
can be deduced that both articles argue that regulatory holiday regime appears 
superior to the other regulatory regimes, although the two papers provide 
different results about the impact of regulatory holidays on the particular timing of 
the investment. 

Of course, the efficiency outcomes are significantly affected by the level of the 
access prices set under each particular regulatory regime. Nitsche and Wiethaus 
[70] study the efficiency implications of a combined deviation from the permanent 
regulation of access at cost-based prices in terms of both the access pricing 
policy and the regulatory regime employed. In particular, they allow an access 
pricing scheme that spreads investment costs over total output quantities (i.e. 
another form of investment-contingent access pricing) for taking into account: (i) 
different regulatory regimes; (ii) the fact that the success of NGA investments is 
uncertain; and (iii) regulatory certainty. They show that a regime with Fully 
Distributed Costs (FDC)9 or regulatory holidays induce the incumbent to 
undertake a larger NGA deployment, followed by risk-sharing and Long-Run 
Incremental Costs (LRIC). In addition, in combining strong competitive intensity 
with reasonable investment incentives, simulations indicate that a risk sharing 
approach induces highest consumer surplus, followed by regimes with FDC, 
regulatory holidays and LRIC. Therefore, they conclude that risk-sharing can be 
an effective tool since it combines relatively high ex-ante investment incentives 
with strong ex-post competitive intensity. They also find that forward-looking cost-
based regulation neither induces investments nor consumer surplus, which 
implies a clear policy for deviating from permanent cost-based access prices.   

In combining these results with those of [68] and [69], it can be deduced that 
although regulatory holidays appear superior to the other regulatory regimes in 
terms of both NGA investment level and the timing of the investments, their 
effectiveness on promoting service-based competition is rather ambiguous. For 
this reason, the next two articles, which are part of this thesis, study the 
effectiveness of regulatory holidays (or regulatory forbearance in a static 
framework) to result in improved social welfare outcomes when: (i) the monopolist 
is allowed to geographically price discriminate; and (ii) the monopolist chooses a 
mix of NGA networks deployed in different geographic areas.  

 M. Tselekounis, D. Maniadakis, and D. Varoutas, ―NGA investment incentives 
under geographic price discrimination,‖ in 40th EARIE Conference, 30 August-
1 September 2013, Évora, Portugal. [29] 

 M. Tselekounis, E. Xylogianni, D. Varoutas, and D. Martakos, ―Geographically 
differentiated NGA deployment,‖ in 24th European Regional Conference of the 
International Telecommunications Society (ITS), 20-23 October 2013, 
Florence, Italy. [30] 

                                                            
9
 Under the fully distributed costs regulation, the incumbent may recoup NGA investment costs 

through the access price, regardless of the NGA's market success since the entrant is forced to 
cover part of the investment cost. 
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3.4.2.1 NGA investment incentives under geographic price discrimination 

The research articles that study the effectiveness of alternative regulatory 
approaches on encouraging investments in NGA networks and fostering 
competition explicitly assume that all consumers equally benefited by a certain 
extent of NGA deployment. However, it is expected that there will be a significant 
variation among consumers‘ willingness to pay for the additional benefits of NGA-
based services since there are consumers who place a low valuation to the 
enhanced characteristics of such services and consumers who have higher 
valuation for advanced bandwidth-hungry services. The prospective investor in 
NGA networks could exploit this information by pricing the final services such that 
they more closely reflect retail consumers‘ willingness to pay (―value-based‖ 
pricing) and/or geographical differences in network costs.  

Contrary to uniform pricing, price discrimination is defined as selling the same 
product to different customers at different prices even if the cost of sale is the 
same to each other [71]. Price discrimination has recently attracted much interest 
since regulatory forbearance and holidays could lead to geographic de-averaging 
of prices that would reflect the geographic variances in market conditions, which 
may significantly differ from traditional PSTN/DSL conditions. Indeed, after a 
period of obligation of non-discrimination [72], currently, price discrimination is 
allowed to a certain (at least wholesale) extent related to NGA networks in 
Europe in order to foster innovation and welfare growth by promoting investments 
[38]. Thus, there may be a case for designing remedies that can vary across 
geographic markets that would be defined as locations with homogeneity in terms 
of willingness to pay, competitive conditions, cost, etc.  

Alexandrov and Deb [73] as well as Valletti [74] study the impact of price 
discrimination on a monopolist‘s incentives to invest in quality. This implies that 
both articles assume that the number of the markets that the quality-enhanced 
product will be sold is exogenously defined (e.g. the whole country), whereas the 
investment in quality (i.e. the particular extent of fibre deployment in the local 
loop) is endogenously derived. In other words, consumers who live in different 
geographic areas place the same valuation on each particular quality level. It is 
found that price discrimination results in more investment in quality than uniform 
pricing, whereas its impact on social welfare depends on the specific underlying 
industry characteristics. 

However, in the NGA context, the main source of variation among consumers‘ 
willingness to pay for the additional benefits of NGA-based services is the fact 
that consumers live in different geographic areas in terms of population density. 
Indeed, the main take-away of the relevant studies [75], [76] is that consumers 
who place a higher (lower) valuation to broadband subscription tend to live in 
higher (lower) densely populated areas. As a result, population density has a 
significant positive impact on the consumers‘ valuation for ultra high-speed 
services provided by NGA networks. Therefore, the difference in consumers‘ 
willingness to pay for very high-speed services is mainly due to their geographic 
differentiation rather than on the difference in their valuation for a particular 
improved quality service.  

Contrary to [73] and [74], Tselekounis, Maniadakis and Varoutas [29] compare 
the impact of retail price discrimination and uniform pricing on a monopolist‘s 
incentives to extend its Next Generation Access (NGA) network deployment to 
less densely populated geographic areas. This implies that the quality of an NGA-
based service is exogenously defined (e.g. FTTH), whereas the number of 
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geographic areas (markets) that this service will be provided is endogenously 
chosen. In other words, consumers who live in different geographic areas place a 
different valuation on each particular quality level. 

It is found that geographic price discrimination provides the monopolist with 
higher incentives to deploy a larger NGA network (i.e. the NGA investment is 
extended to rural, less densely populated areas). In addition, geographic price 
discrimination results in better welfare outcomes than uniform pricing as long as 
the investment cost is not extremely low. In such cases, the regulator should 
allow the monopolist to geographically price discriminate since the monopolist 
chooses the socially optimal pricing regime. On the contrary, when the 
investment cost is extremely low, uniform pricing is the socially optimal pricing 
regime, whereas differential pricing maximizes private investment incentives. In 
such cases, a benevolent regulator may impose the uniform pricing regime in 
order to mitigate the detrimental impact of regulatory forbearance or holidays on 
social welfare. 

 

3.4.2.2 Geographically differentiated NGA deployment 

The previous section showed that, in a static context, the deployment of NGA 
networks is a two-dimensional issue. First, the incumbent has to decide the 
quality of the NGA investment related to the part of the copper access network 
that will be replaced by fibre optics. Second, the incumbent has to decide the 
extent of the NGA deployment which concerns the number of geographic areas in 
which an NGA network will be deployed.10  

Hitherto, the reviewed literature does not discriminate between the two different 
dimensions of the NGA investments, and hence, it assumes that a higher NGA 
investment level indiscriminately reflects either a larger NGA deployment to rural, 
less densely populated areas or a fibre deployment closer to the consumers‘ 
premises. In particular, existing studies assume that a prospective investor in 
NGA networks chooses either the quality or the geographic coverage of the NGA 
network. This implies that the investor decides : (i) the quality of the NGA network 
that will be provided in an exogenously given number of geographic areas; or (ii) 
the number of geographic areas in which an exogenously given NGA technology 
network will be deployed. In each case, the investor focuses on one of the two 
dimensions of the NGA investment decision taking the other dimension as given. 

However, in fact, the investor in NGA networks does not choose either the extent 
of the deployment towards consumers‘ premises in given geographic areas or the 
geographic deployment of a particular NGA quality, but it simultaneously decides 
the NGA quality that will be provided in each geographic area. This implies that a 
mix of NGA technologies will co-exist according to the underlying demand and 
cost conditions in each geographic area.   

Tselekounis, Xylogianni, Varoutas and Martakos [30] model the demand and cost 
structures in each geographic area in order to assess the optimal mix of NGA 
technologies deployed in different geographic areas by a monopolist. In other 
words, they find the optimal degree of copper replacement by fibre (i.e. the 
optimal NGA quality) in every geographic area. Based on this relationship, the 
incumbent chooses the extent of NGA deployment that is the optimal number of 
geographic areas in which a different quality of NGA network will be provided.  

                                                            
10

  In a dynamic context, the incumbent has also to decide the timing of the NGA deployment. 
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In order to derive the optimal mix of NGA technologies deployed in different 
geographic areas by a monopolist, the authors use the following functions for 
representing the demand and investment cost, respectively, in each geographic 
area i : 

2

i
i i

i

y
p A q

x
     and  2( ) ( ) / 2i iC i x y  

where ip  and iq  is the retail price and the quantity supplied by the monopolist in 

each geographic market, A  represents the maximum valuation that the 

consumers place to the basic high-speed broadband service, ix  reflects the 

geographic NGA deployment and iy  reflects the NGA quality (technology). A 

larger ix  implies a larger NGA deployment to less densely populated areas, 

whereas a larger iy  implies a fibre deployment closer to the consumers‘ 

premises. It is obvious that, contrary to existing studies which assume an 
exogenously given slope of the marginal investment cost function, a higher NGA 
technology positively affects the consumers‘ willingness to pay, but its impact 
declines as it is provided to less densely populated rural areas. In addition, 
contrary to existing studies which assume that a higher level of NGA investment 
in terms of either technology or coverage leads to a more outward parallel shift in 
the demand curve (and thus equally benefits all consumers), the investment cost 
of providing a particular NGA technology becomes marginally more expensive as 
it is extended to less densely populated areas.  

Tselekounis, Xylogianni, Varoutas and Martakos find that both the privately and 
the socially optimal investment decisions result in a geographically differentiated 
NGA deployment implying that different quality NGA networks are deployed in 
different geographic areas. In addition, although a geographically differentiated 
NGA investment provides the unregulated monopolist with incentives to install a 
nationwide NGA deployment, the monopolist underinvests compared to the 
socially optimal levels of both quality and geographic coverage.  

Moreover, the authors make several, but plausible, assumptions in order to make 
their results comparable to the Europe 2020 Strategy [61] which envisions that, 
by 2020: (i) all Europeans will have access to much higher internet speeds of 
above 30 Mbps; and (ii) 50% or more of European households will subscribe to 
internet connections above 100 Mbps. They show that the first objective is 
feasible when the demand for NGA-based services is significantly elastic, 
whereas the second objective is not a feasible goal. 

 

3.4.3 Deviation from usage access prices 

The last deviation from the principles governing the regulation of the copper 
access networks concerns the access pricing formula. In particular, the access 
pricing formula can be used to allocate the investment risk between the 
incumbent and the access seekers. Although such risk-sharing mechanisms are 
not present in the EC Recommendation, OPTA has included them in its proposed 
measures to reduce the investment risk [43].  

Access prices (as well as retail prices) can consist of one-off fees and periodic 
fees (e.g. monthly rentals). By giving the investor the choice to recoup fixed costs 
via a one-off fee, the investor can affect his own investment risk and the entry risk 
resting on the buyers of unbundled fibre access. The advantage of recoupment 
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via a one-off fee is that the investor recoups some of its investment in the early 
phase of the economic life of the network. This early recoupment of parts of the 
investment leads to a lower capital requirement over time, a decrease in the 
investment risk and an increase in the investor‘s willingness to invest.  

The general rule says that the higher the allocation of investments costs to the 
one-off component, the more investment risk on a per line basis is allocated from 
the investor to the access seeker. However, charging this one-off fee should not 
create a barrier to entry for buyers of unbundled fibre access. If relatively many 
costs are charged as one-off tariffs, this raises the barrier for purchasing services, 
because a buyer is confronted with higher start-up costs. 

Gans and King [77] state that in a dynamic context, the regulator should set a 
two-part tariff in which the fixed fee is set equal to the economic profit of the 
access seekers and the usage access fee follows the Ramsey rule. Otherwise, 
regulatory holidays is a desirable regime that results in the incumbent‘s earlier 
investments only when the regulator cannot make ex ante credible commitments. 
The main take-away from the paper of Gans and King is that the regulatory 
commitment problem has a significant impact on the optimal regulatory policy and 
that two-part tariffs may be an effective tool in order to promote both static and 
dynamic efficiency. In addition, Brito, Pereira and Vareda [78] study the impact of 
the regulatory commitment problem on the effectiveness of two-part access tariffs 
to solve the dynamic consistency problem of the regulation. They find that when 
the investment cost is low compared to the investment benefits, two-part tariffs 
solve the dynamic consistency problem either under regulatory certainty or 
uncertainty. In this case, the optimal regulatory policy is to set the fixed access 
price in order to induce investments by the incumbent and the usage access price 
at the marginal cost of providing the access in order to promote static efficiency. 
If, on the contrary, the investment cost takes intermediate values compared to the 
investment benefits, the commitment and the no-commitment games have 
different equilibria, with the incumbent investing in the commitment equilibrium, 
and not investing in no-commitment game. Last, if the investment cost is high 
compared to the investment benefits, investment is not socially desirable under 
both commitment and no-commitment games. Therefore, contrary to Gans and 
King, two-part access tariffs may not solve the dynamic consistency problem 
even when the regulator can commit ex ante to a particular access pricing policy. 

 

3.5 Summary 

Chapter 3 discussed the effectiveness of different access pricing schemes on 
promoting the current regulatory goal of encouraging investments in NGA 
networks and fostering service-based competition over such networks. It was 
shown that cost-based access prices are limited to promote service-based 
competition within one network since they disincentivize incumbents and, 
especially, entrants to invest in new access infrastructures. Combining this fact 
with the huge investment cost of deploying an NGA network and the uncertainty 
of such investments provides the reasons that explain the reluctance of firms to 
undertake NGA investments. However, investments in digital infrastructures by 
far exceed the private incentives for investments. It is thus deduced that there is a 
clear policy towards a deviation from the permanent regulation of access at cost-
based prices in order to compensate the investors for the risk they incur when 
deploy an NGA network.  
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The first official deviation from cost-based access prices was proposed by the EC 
Recommendation of regulated access to NGA which recommends calculating the 
access at a cost-based form including a risk premium. However, the effectiveness 
of such pricing policy on promoting service-based competition over NGA 
networks has been fiercely criticized by both incumbents and entrants. In 
addition, it was found that regulatory uncertainty has a significant impact on an 
investor‘s incentives to undertake the socially optimal NGA investments. Due to 
these facts, the regulatory holidays regime has recently received much interest. 
Given that the NGA investments are significantly costly, it was shown that 
regulatory holidays may increase both investment incentives and allocative 
efficiency when the monopolist is allowed to geographically price discriminate. 
However, even under the price discrimination regime, the monopolist 
underinvests compared to the socially optimal geographically differentiated NGA 
deployment.
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4. FROM SERVICE-BASED TO FACILITIES BASED COMPETITION 
OVER NGA NETWORKS: PROMOTING DYNAMIC EFFICIENCY 

Although service-based competition over NGA networks increases both static and 
dynamic efficiency, the full benefits of competition are only achieved by facilities-
based competition. This explains why the ultimate goal of regulators is to promote 
dynamic efficiency which results in maximum welfare gains, maximum market 
growth and minimum production costs.  

This chapter discusses the future regulatory goal of achieving dynamic efficiency 
by promoting facilities-based competition over NGA networks. In particular, given 
that an initial investor has already deployed an NGA network and sustainable 
service-based competition has been established, the optimal access pricing 
policy should incentivize the access seekers to gradually invest in their own NGA 
infrastructures.   

The first part of this chapter reviews the proposed regulatory approaches which 
aim to encourage access seekers to invest in their own fibre-based access 
networks. Afterwards, a comparison of these regulatory approaches with the 
current regulatory framework in the European NGA market described by the EC 
Recommendation is made. It is found that the proposed regulatory approaches 
not only fail to reflect the basic principles of the EC Recommendation, but also fail 
to take into account the fact that the regulatory policy implemented in this phase 
has a direct impact on the initial investor‘s incentives to invest in NGA networks.  

For this reason, the second part of this chapter presents an innovative theoretical 
approach that not only reflects the current regulatory framework in the European 
NGA market, but also encourages the initial investor (which is assumed to be the 
incumbent) to invest in NGA networks, although at the same time it incentivizes 
the entrants to gradually invest in their own NGA infrastructures. It is shown that 
the proposed approach, which is based on the basic principles governing a Credit 
Default Swap (CDS), provides an effective migration path towards facilities-based 
competition over NGA networks. 

 

4.1 Encouraging facilities-based competition: A literature review 

This section discusses the impact of access regulation on an entrant‘s incentives 
to invest in new access infrastructures in order to act as a facilities-based 
competitor. In particular, this literature studies whether service-based competition 
serves as a stepping stone to facilities-based competition or the presence of the 
option to ―buy‖ the incumbent‘s facilities represents an opportunity cost when the 
entrant chooses to engage in infrastructure competition (i.e. creates the so-called 
―replacement effect‖). 

Cave and Vogelsang [79] point out that the entrants typically invest in replicable 
assets first and then progress to less replicable ones. Thus, they rank the 
incumbent‘s network assets according to their degree of replicability from an 
entrant‘s perspective and propose an innovative access scheme in which the 
price for the less replicable network elements is low but increasing over time as 
assets are replicated. Therefore, as the entrant‘s customer bases grow, the 
access price increases in order to encourage the entrant to invest in the next less 
replicable asset. This process continues until the entrant invests in its own 
infrastructure which represents the higher rung in the investment ladder. Thus, 
the so-called ―ladder of investment‖ theory argues that service-based competition 
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serves as a stepping stone to facilities-based competition. Cave [12] proposes 
and illustrates methods for assessing the replicability of different assets and sets 
out the steps which regulators can follow in implementing the approach. 

An alternative regulatory tool that resembles the ―ladder of investment‖ approach 
is the so-called ―sunset clause‖ regulatory regime. By imposing a sunset clause, 
the regulator commits that access obligations will be withdrawn after a pre-
determined date. The building block of both approaches is the expectation that as 
service-based competition becomes less attractive over time, the entrant will 
gradually invest in its own network infrastructure. Although sunset clauses and 
the ―ladder of investment‖ theory have been embraced by many 
telecommunications regulators and organizations [38], [80–83], the related 
literature provides mixed results about the effectiveness of each approach to 
make service-based and facilities-based competition complements in promoting 
both investments and competition.  

Bourreau and Doğan [84] use a dynamic model of technology adoption to 
compare the impact of unbundling on the entrant‘s incentives to compete service-
based or facilities-based. Assuming a utility model that captures variety and 
quality differentiation, they show that an unregulated incumbent sets too low a 
constant usage rental price for its loops over time, and hence, the entrant adopts 
the new technology too late from a social welfare perspective. The rationale of 
such behavior is that a low access price increases the entrant‘s profits which 
represent an opportunity cost when the entrant chooses to engage in 
infrastructure competition. Therefore, the incumbent avoids a fiercer competition 
in the retail market by providing the entrant with disincentives to invest in its own 
infrastructure. The regulatory implication is twofold. First, the regulator who is 
concerned with promoting facility-based competition should regulate the rental 
price of the loops; and second, a sunset clause neither incentivizes the entrant to 
invest in network upgrade nor improves social welfare. Bourreau and Doğan [85] 
also discuss the impact of unbundling on an entrant‘s investment incentives from 
a dynamic perspective but allows for a time variant rental price as well as a 
general competitive setting.  They show that the optimal regulatory policy is to set 
the access price at the level that maximizes social welfare under service-based 
competition until the date at which facilities-based entry is socially optimal, and 
then to ban access to the incumbent‘s infrastructure (or to set too high a price for 
it) from that date on. 

In addition, Avenali, Matteucci and Reverberi [86] assume that developing an 
alternative infrastructure requires both time and an installed base of consumers 
which implies that a period of service-based competition is a prerequisite for 
facilities-based competition in the next period. They find that a multi-period 
schedule where regulated access charges rise over time is critical to foster 
efficient infrastructure investment, whereas a sunset clause on regulation dilutes 
investment incentives. Contrary to [84] and [85], which assume regulatory 
certainty, they point out that the regulatory commitment problem may affect the 
robustness of their main result. Thus, they propose that the access price should 
depend both on time and entry period in order to ensure that late entrants are 
provided with the same dynamic access conditions. In a more recent paper, 
Bourreau and Drouard [87] use a general model of competition in order to study 
the impact of both a ―replacement effect‖ and a ―stepping stone effect‖ on an 
entrant‘s investment to invest in network upgrade. Thus, they allow an initial 
serviced-based period for the entrant to build its market share progressively. This 
implies that the entrant might have significant incentives to prolong the service-
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based competition phase in order to build a larger market share. They show that 
if facilities-based entry is a short-term (long-term) possibility, the replacement 
effect (the stepping stone effect) prevails, and hence, a phase of service-based 
competition delays (accelerates) facilities-based entry.  

Therefore, as Bourreau, Doğan and Manant [88] point out, a phase of service-
based competition may be a necessary, but not a sufficient, condition to ensure 
that it will serve as a stepping stone to facilities-based entry if the replacement 
effect is neutralized. The authors also challenge another assumption of the ladder 
of investment theory which states that the regulator has the instrument to 
neutralize the replacement effect. They argue that although access prices that 
increase over time may neutralize the replacement effect, credibility of regulatory 
commitments and informational requirements raise several concerns about the 
successful implementation of this theory.  

In addition, the effectiveness of the ―ladder of investment‖ theory to serve as a 
stepping stone from service-based to facilities-based competition has been 
criticized not only theoretically but also empirically. Hausman and Sidak [52] use 
real data from five countries (the USA, the UK, New Zealand, Canada and 
Germany) over the 1993-2003 period in order to test whether the new entrants 
use the unbundled loops to evolve into facilities-based competitors. They 
conclude that although the ―ladder of investment‖ theory is theoretically plausible 
under certain assumptions yet has not been satisfied in practice. Hazlett and 
Bazelon [89] use semi-annual US state-level data from December 1999 to 
December 2004 to examine whether the number of the unbundled lines in one 
period is correlated with the number of facilities-based line in future periods. Their 
main conclusion is that the ―ladder of investment‖ theory is rejected since there is 
no statistically significant relationship between the unbundled lines in one period 
and the number of facilities-based line in future periods in each US state.  

Distaso, Lupi and Manenti [90] use semi-annual data from 12 European countries 
(study period: January 2005-July 2007) and test the ―ladder of investment‖ theory 
by looking at the link between the prices of wholesale access services and the 
relative growth rates of the three alternative inputs that can be used by new 
entrants to provide access and broadband services to end users: bitstream 
services, LLU services and their own network. Although they point out that the 
policies adopted by NRAs are broadly consistent with the ―ladder of investment‖ 
theory, their graphical results reveal that only few countries (France and Spain) 
have succeeded in encouraging the entrants to climb the investment ladder due 
to increasing access prices over time. In a more recent empirical study, Bacache, 
Bourreau and Gaudin [91] use data covering incumbent and entrant fixed-
broadband operators in 15 European member states for 15 semesters (2002-
2009) in order to test the ―ladder of investment‖ hypothesis. They find no 
statistically significant effect of the number of unbundled lines on the number of 
new access infrastructure lines built by entrants, which implies that there is no 
evidence in support of the ―ladder of investment‖ hypothesis.  

As a result, although the EC Recommendation states that the appropriate array of 
remedies imposed by an NRA should reflect a proportionate application of the 
―ladder of investment‖ principle, its effectiveness to induce the entrants to invest 
in their own NGA networks is quite ambiguous. Therefore, both the inclusion of a 
risk premium into the cost-based access price and the application of the ―ladder 
of investment‖ theory seem to have ambiguous results. This implies that the basic 
principles of the EC Recommendation, which aims at initially encouraging the 
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incumbents to invest in NGA networks without distorting competition and then at 
inducing the entrants to be facilities-based competitors, have been fiercely 
criticized in the related literature. However, the research articles study the impact 
of access prices on the investment incentives of either an incumbent or an 
entrant without taking into account that the investment decisions are taken in a 
sequential order, and hence, there is a strategic interaction between their 
investment decisions which is significantly affected by the regulatory policy. 

For this reason, the next section presents an innovative approach that resolves 
the current regulatory trade-off between promoting service-based competition 
over copper access networks and encouraging the incumbent to invest in NGA 
networks, while also tackles the future trade-off between fostering service-based 
competition over NGA networks and incentivizing the entrants to invest in their 
own infrastructures. This approach is proposed by the following article which is 
also part of this thesis. 

 M. Tselekounis, D. Varoutas, and D. Martakos, ―A CDS approach to induce 
facilities-based competition over NGA networks,‖ Telecommunications Policy, 
vol. 38, no. 3, pp. 311–331, Apr. 2014. [31] 

The motivation of the proposed approach, its modeling setup and its main 
conclusions are presented in the next section. 

 

4.1.1 A CDS approach to induce facilities-based competition over NGA 
networks 

The goal of this section is to propose a novel approach in order to effectively 
meet the current and the future regulatory goals using the regulatory settings 
recommended by the European Commission. The current regulatory framework 
in the European NGA market is described by the following four basic principles 
concerning: 

 The evolution of the regulatory goals over time. The regulatory policy 
should initially encourage the incumbent to invest in new fibre-based access 
networks and promote service-based competition over such networks. Once 
the new fibre-based access network has been deployed and service-based 
competition over such networks has been established, the regulatory policy 
should encourage access seekers to invest in their own fibre infrastructures.  

 The characteristics of the access pricing formula. The access to the 
incumbent‘s network should be provided at cost-oriented prices including a 
risk premium to reflect any additional and quantifiable investment risk incurred 
by the investor. Risk allocation mechanisms, such as long-term contracts or 
volume discounts which decrease the risk that an investor incurs when 
investing in NGAs, lead to a respective decrease in the risk premium. 
However, since the EC Recommendation does not include in such 
mechanisms the fixed-fee payments, it is deduced that two-part access tariffs 
do not reflect the current regulatory framework in the European NGA market. 
Therefore, NRAs should apply usage (or uniform or linear) access prices 
under a regime of permanent regulation as long as an SMP operator is found 
within markets 4 and/or 5. 

 The evolution of the access prices. Access prices should be aligned with 
the EC statement that the appropriate array of remedies imposed by an NRA 
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should reflect a proportionate application of the ―ladder of investment‖ 
principle. 

 The provision of regulatory certainty. According to the EC 
Recommendation, regulatory certainty is a key to promoting efficient 
investments by all operators. Applying a consistent regulatory approach over 
time is important to give investors confidence for the design of their business 
plans. In order to mitigate the uncertainty associated with periodical market 
reviews, NRAs should clarify to the greatest extent possible how foreseeable 
changes in market circumstances might affect remedies. 

It is obvious that the literature studying the impact of access regulation on firms‘ 
incentives to invest in NGA networks fail to take into account the basic principles 
governing the current regulatory framework in the European NGA market. The 
reason is that the reviewed research articles study the impact of alternative 
regulatory approaches on either the incumbents‘ or the entrants‘ investment 
incentives without considering the strategic interaction between their investment 
decisions. In other words, they do not take into account the fact that when the 
incumbent (respectively, the entrant) decides its optimal investment decision, it 
also considers the optimal investment reaction of the entrant (respectively, the 
incumbent). This implies that the disclosed access pricing policy should take into 
account the impact of access regulation on both firms‘ incentives to invest 
although such investment decisions are taken in a sequential order.  

To best of author‘s knowledge, the only paper that reflects the current regulatory 
framework in terms of the evolution of the regulatory goals over time is that of 
Vareda [92]. In particular, Vareda considers a dynamic framework in which an 
incumbent chooses how much to upgrade the quality of its network and then an 
entrant, at each point in time, has the option to enter as a service-based 
competitor, by asking for access to the incumbent‘s network, or as a facilities-
based competitor, by building a bypass network. He shows that when the 
regulator can ex ante commit to a two-part access tariff: (i) the entrant‘s 
investment in a bypass network is delayed with a higher incumbent‘s investment 
in quality; (ii) the possibility of investment in a bypass network by the entrant has 
a positive effect on the incumbent‘s incentive to upgrade quality; (iii) the effect of 
access prices on both incumbent and entrant firms‘ incentives to invest is 
ambiguous; and (iv) a welfare improving access tariff that could be designed by 
the regulator would be one where the access fee is increasing (decreasing) in 
quality if the incumbent‘s incentives are such that it underinvests (overinvests). 

However, the work of Vareda not only uses a two-part access tariff (rather than a 
usage access price), but also assumes that the access price is fixed over time 
(rather than reflecting a proportionate application of the ―ladder of investment‖ 
principle). Therefore, his model fails to align with two of the four basic principles 
of the EC Recommendation. 

On the contrary, Tselekounis, Varoutas and Martakos [31] propose an innovative 
approach that reflects the current regulatory framework in the European NGA 
market as described by the EC Recommendation. In particular, the approach 
proposed by [31] models the four basic principles of the current European 
regulatory framework and then assesses its effectiveness on inducing facilities-
based competition over NGA networks. This implies that this paper can be 
included in the literature that departs from assessing the efficiency outcomes of 
applying the regulation of the copper access networks to the NGA market. The 
aim of the proposed approach is to meet the current and the future regulatory 
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goals by tackling the initial trade-off between encouraging the incumbents to 
invest in NGA networks and fostering competition, while incentivizing the entrants 
to gradually climb the ladder of investment when the NGA investment is proven to 
be successful. Therefore, the proposed approach provides a theoretical way to 
encourage the deployment of a nationwide NGA network (i.e. maximize the 
potential investment outcome in terms of geographic coverage) with the ambition 
that such deployment will finally reflect the socially desirable choice as reflecting 
in an effective migration path towards facilities-based competition over NGA 
networks. 

The structure and the implementation of the proposed approach are based on the 
basic principles governing a Credit Default Swap (CDS). A CDS contract is an 
agreement between two parties, the protection buyer and the protection seller. 
The first party to the contract, the protection buyer, wishes to insure against the 
possibility of default on a bond issued by a particular company. The company that 
has issued the bond is called the reference entity. The second party to the 
contract, the protection seller, is willing to bear the risk associated with default by 
the reference entity.  The protection buyer of the CDS makes a series of 
payments (the CDS "fee" or "spread") to the protection seller and, in exchange, 
receives a payoff in the event of a default by the reference entity. If a default does 
not occur over the life of the contract, the contract expires at its maturity date, and 
hence, the protection seller does not make any payments to the protection buyer. 

In an NGA context, the incumbent, which is assumed to be the initial operator that 
invests in NGA networks, and the regulator agree on a business plan that allows 
the incumbent to recover the investment in a nationwide NGA deployment (i.e. 
the deployment of an NGA network in every geographic area in the country) 
during a certain period of time. If the investment has not been recovered at the 
end of this period, the regulator commits itself that it will compensate the 
incumbent for the unrecovered part of the investment. After the end of this period, 
no regulatory remedies will be imposed to the incumbent (sunset clause). In 
exchange, the incumbent should make periodic payments to the regulator. 
However, the regulator chooses to subtract this amount from the payments that 
an access seeker makes to the incumbent in order to have access to the NGA 
networks. This implies that the incumbent does not pay a periodic fee to the 
regulator but it subtracts this amount from the access payments it receives. If, 
however, the investment has been recovered before the end of the clause, the 
regulator does not make any payment to the incumbent, the incumbent stops 
making indirect periodic payments to the access seeker and no remedies 
imposed to the incumbent. In such contract, the incumbent is the protection buyer 
and the regulator is the protection seller which will compensate the incumbent in 
the case of a default event (i.e. if the investment has not been recovered at the 
end of the pre-determined period). 

In addition, the model proposes that the contract commits the regulator to apply a 
certain policy during the whole pre-determined period. This policy, which 
concerns the derivation of the access pricing formula as well as its evolution over 
time, is ex ante known to the incumbent. As it has already been stated above, it is 
not optimal for the regulator to intervene in the market very often because it 
dilutes investment incentives. On the contrary, it is socially not optimal for the 
regulator to make ex ante commitments for an unreasonably long regulatory 
period. Thus, this model proposes an intermediate solution in which the regulator 
makes periodic reviews at a pre-determined period. In each periodic review, the 
regulator may increase or decrease the access price according to whether the 
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NGA investment (at the time of each review) is more successful (i.e. an upside 
case) or less successful (i.e. a downside case) than the initial estimations. It can 
thus be deduced that the incumbent invests in NGA networks under regulatory 
certainty. 

It is shown that in an upside (respectively, downside) case, the implementation of 
the basic principles governing a CDS contract requires a proper increase 
(respectively, decrease) in the access price. Therefore, an endogenous access 
pricing rule encourages the entrants to climb the ladder of investment in each 
upside case (i.e. when the initial NGA investment by the incumbent is 
successful). On the contrary, such endogenous access pricing rule provides the 
entrants with disincentives to invest in each downside case. However, in the latter 
case, the regulator‘s goal is to increase the total demand rather than to 
incentivize the entrant to invest in NGA networks. The reason is that the entrant 
invests in NGA networks only when the NGA investment is successful. Therefore, 
the regulator should first promote the success of the NGA investment and then 
encourage the entrant to invest in its own facilities. It is obvious that in the 
downside cases the proposed approach fulfils in enhancing the diffusion process 
since a lower access price facilitates service-based competition over NGA 
networks. As a result, such an access pricing policy increases the probability of 
an upside case in the next regulatory review. 

The authors believe that the proposed approach will eventually lead to the 
recovery of the NGA investment at the end of the pre-determined period or even 
earlier. After the end of the clause, the regulator does not make any payment to 
the incumbent, the latter stops making indirect periodic payments to the entrant 
and no regulatory remedies are imposed to the incumbent. This implies that the 
incumbent is free to set the access price to the recovered NGA networks. 
However, the entrant would have probably established a significantly high 
customer base, and hence, it will invest in the higher rungs of the investment 
ladder in order to be active in the market unless the incumbent prices the access 
too low in order to avoid intense facilities-based competition. The authors also 
discuss the case in which the NGA investment has not been recovered at the end 
of the pre-determined period, and hence, public funds are needed in order to 
compensate the incumbent for the unrecovered part of the NGA investment. They 
provide a theoretical cost-benefit analysis from a welfare perspective in order to 
show that, even in this case, the proposed approach is superior to the active 
governmental involvement in the deployment of a nationwide NGA network. 

In conclusion, although its limitations and its potential implementation 
shortcomings, the proposed approach, which is based on the basic principles 
governing a Credit Default Swap (CDS), tackles the initial trade-off between 
encouraging the incumbent to invest in NGA networks and fostering competition, 
while it incentivizes the entrant to gradually climb the ladder of investment. This 
implies that the proposed approach represents an effective way towards facilities-
based competition over NGA networks. In addition, the quite general approach of 
their paper also aims to trigger a fruitful open discussion about several economic 
and technical aspects of the optimal access pricing policy that should achieve 
both the current and the future regulatory goals.  
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4.2 Summary 

This section provided a survey of the literature studying the impact of access 
regulation on an entrant‘s incentive to invest in its own access infrastructures in 
order to act as a facilities-based competitor to the incumbent. The main 
regulatory policy proposed to facilitate the migration from service-based to 
facilities-based competition is the ―ladder of investment‖ theory which has 
attracted the interest of many academics and policy makers. However, this 
literature is based on the assumption that the incumbent has already deployed 
his NGA network, and hence, the implemented regulatory policy only affects the 
entrant‘s investment decisions. However, it is obvious that since facilities-based 
competition reflects the future regulatory goal, the disclosed regulatory policy 
which will be implemented in the future migration phase also affects the 
incumbent‘s incentives to invest the socially efficient outcome, which reflects the 
current regulatory goal. 

For this reason, many aspects of the EC Recommendation should be reviewed 
taking into account the impact of current and future access regulation on the 
sequential investment decisions of an incumbent and an entrant. The second part 
of this section proposed an innovative approach that aims to provide an efficient 
migration path towards facilities-based competition over NGA networks by taking 
into account the current framework in the European NGA market.  

It was shown that the proposed approach, which is based on the basic principles 
governing a CDS contract, can achieve the current and the future regulatory 
goals. In particular, it initially incentivizes the incumbent to deploy an NGA 
network and as service-based competition leads to higher demand for fibre-based 
services, it encourages the entrant to gradual invest in its own access 
infrastructures.  
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5. CONCLUSIONS AND FUTURE RESEARCH 

The telecommunications industry is the most rapidly evolving network industry 
since it has undergone extensive changes in recent decades. Although these 
changes are mainly related to technological advancements, the regulatory policy 
has played a significant role in the promotion of competition and innovation.  

From a static perspective, competition is related to the creation of a self-
sustaining pro-competitive market structure in which firms have significant 
incentives to invest in innovative, differentiated services. Such service-based 
competition promotes both productive efficiency (i.e. existing assets are utilized 
efficiently) and allocative efficiency (i.e. existing resources are efficiently allocated 
to the economy). Therefore, consumers enjoy the welfare gains from static 
efficiency (lower prices, better quality and extended variety of services).   

From a dynamic perspective, competition is related to the creation of a 
competitive market structure in which firms have significant incentives to invest in 
new network facilities. Such facilities-based competition leads to socially efficient 
investment decisions and the adoption of better technologies, which implies that 
consumers enjoy the welfare gains of dynamic efficiency (maximum market 
growth, minimized production cost, innovative technologies and advanced 
services). 

It is thus obvious that the ultimate goal of regulators is to encourage all firms to 
undertake the socially optimal investment decisions in terms of both timing of 
investment and the extent of network deployment in order to promote dynamic 
efficiency. However, the initial market structure of the telecommunications sector, 
in which there was a state-owned monopoly (incumbent) operator, could not 
promote facilities-based competition. For this reason, the past regulatory goal 
was to reduce the incumbent‘s market power by allowing alternative operators 
(new entrants) to enter the market in order to effectively service-based compete 
with the incumbent. This implies that the promotion of dynamic efficiency is a 
long-run goal which will be gradually achieved in the telecommunications sector 
due to its innate asymmetric nature.  

This thesis modeled the framework in the migration from a state monopoly market 
to a competitive telecommunications industry in order to study the impact of 
access prices on the entrant‘s incentives to undertake the efficient make-or-buy 
decision in terms of both productive and allocative efficiency. It was found that the 
particular model of competition that describes the competition in the retail market 
significantly affects the effectiveness of access prices to achieve static efficiency. 
However, cost-based access regulation, which was widely adopted by the 
regulatory authorities, was found to promote both productive and allocative 
efficiency regardless of the competition conditions. Therefore, theoretical 
modeling showed that usage cost-based prices achieve the past regulatory goal 
concerning the promotion of static efficiency. 

Although dynamic efficiency seems to be the next regulatory goal once 
sustainable service-based competition over copper access networks has been 
established, the unambiguous positive impact of investments in new broadband 
infrastructures on economic growth and employment as well as the increasing 
need for bandwidth made national governments set as their first priority the 
encouragement of investments in fibre-based access networks (the so-called 
Next Generation Access (NGA) networks) rather than the promotion of dynamic 
efficiency. The reason is that investments in NGA infrastructures require a huge 
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initial fixed cost, whereas the expected return is uncertain due to demand and 
regulatory risk factors. In other words, the current regulatory goal is to promote 
service-based competition over NGA networks rather than promote facilities-
based competition over such networks.  

It should be noted that the majority of the research articles studying the impact of 
access regulation of firms‘ investment incentives assumes that the incumbents 
rather than the entrants will eventually undertake NGA investments mainly due to 
their better economic situation. The related literature concludes that mandating 
access to NGA networks at usage cost-based prices discourages both 
incumbents and entrants to invest in such networks. Therefore, the research 
focuses on studying alternative regulatory schemes that may promote both 
investments and competition. These schemes deviate from the permanent 
regulation of access at usage cost-based prices in terms of the access pricing 
policy (i.e. non-cost-based access prices), the access pricing formula (i.e. non-
usage access prices) and/or the regulatory regime employed (i.e. non-permanent 
regulation of access). 

This literature strand concludes that such alternative regulatory schemes can 
induce the incumbent to undertake to socially optimal investments in NGA 
networks (i.e. promote both static and dynamic efficiency) under certain 
conditions concerning the demand and cost structure. However, these studies do 
not take into account the fact that regulators have a significant incentive to 
deviate from such schemes by setting a cost-based access price in order to 
maximize the efficiency outcomes once NGA networks have been deployed. This 
thesis modeled this fact in order to study the impact of regulatory uncertainty on 
an incumbent‘s incentives to undertake the efficient investments in NGA 
networks. It was found that the feasibility of the socially optimal outcome is not 
only affected by the demand and cost structure, but also by the perceived 
regulatory uncertainty.  

A growing number of research studies propose a regulatory holidays regime 
(under which the investor is not imposed to any regulatory constraints for a pre-
determined period of time) in order to maximize private investment incentives 
since although the social benefits from NGA deployment by far exceed the private 
incentive for investment, regulatory uncertainty and demand uncertainty 
undermine the expected profits. This thesis contributed to this literature by 
showing that a regulatory holidays regime may also improve social welfare if the 
monopolist is allowed to geographically price discriminate when the investment 
cost is not extremely low. However, even under the price discrimination regime, 
the monopolist underinvests compared to the socially optimal geographically 
differentiated NGA deployment. 

It is thus obvious that although such alternative regulatory schemes may succeed 
in increasing both static and dynamic efficiency, the full welfare gains are 
achieved by facilities-based competition which reflects the long-run goal of the 
regulatory policy. As a result, the future regulatory goal is expected to be the 
migration from service-based to facilities-based competition over NGA networks. 
The literature studying the impact of access regulation on an entrant‘s incentives 
to invest in its own NGA networks (after the deployment of an NGA network by 
the incumbent) provides mixed results. In addition, it does not take into account 
that the disclosed regulatory policy in this migration phase affects the incumbent‘s 
investment decisions in the transition from service-based competition over copper 
access networks to service-based competition over NGA networks. This implies 
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that the current and the future regulatory goals are closely related and a 
combined regulatory policy should be applied. This fact is also present in the EC 
Recommendation on regulated access to NGA networks which states that the 
access should be set at cost-based prices including an access markup for 
providing the initial investor with significant incentives, but such pricing scheme 
should also reflect a proportionate application of the ladder of investment 
principle in order to incentivize the access seekers to gradually invest in their own 
NGA infrastructures.  

This thesis contributed to this literature by proposing an innovative regulatory 
approach which is based on the basic principles governing a CDS contract. It was 
shown that under quite general but plausible assumptions about demand and 
cost factors, the proposed approach can induce an efficient migration towards 
facilities-based competition over NGA networks. It is thus obvious that this thesis 
not only discussed the past, the present and the future state of 
telecommunications networks, but also significantly contributed to the literature 
which studies the optimal access pricing policy that achieves the past, the current 
and the future regulatory goals. Although this contribution provides significant 
results with clear policy implications, future research is needed in order to study 
the robustness of the derived results under different conditions and improve the 
proposed approaches by taking into account specific economic and technical 
aspects of NGA networks. 

In particular, the contributed research articles in this thesis do not take into 
account the fact that the migration from copper access networks to NGA 
networks is a slow process [93]. This implies that even if fibre access networks 
replace much of the existing copper access infrastructures, there will be a period 
during which both are in operation and are competing for customers. Therefore, 
both the access prices for the copper and the NGA networks affect the final 
outcomes in terms of investment incentives and competition. Firstly, in the 
presence of a positive spillover of new investments, higher access prices 
increase the incumbent‘s opportunity cost of investment due to the wholesale 
revenue effect (if the incumbent invests in a higher quality network, the entrant 
will invest in reaction, and the incumbent will then lose some wholesale profits). 
Secondly, low access prices for the copper access networks increase the 
opportunity cost of the entrant‘s investment in NGA networks, making such 
investment less attractive, whereas low retail prices for the copper-based 
services discourage consumers to move from the old to the new technology 
unless the fibre-based services are priced sufficiently low as well [94]. The former 
effect is widely known as a ―replacement effect‖ and the latter as a ―business 
migration‖ effect. The fundamental point is that higher access prices lead to 
higher retail prices. Therefore, a higher difference between fibre and copper 
access prices implies a higher difference between fibre and copper retail prices, 
which, in turn, disincentivizes both entrant and consumers to move to the NGA 
networks. As a result, the impact of the regulation of the legacy network on the 
firms‘ investment incentives when the NGA market is left unregulated or when 
there is an interplay between the access prices of the two networks has recently 
attracted much attention and has been also studied by [95] and [96]. 

Another avenue for future research concerns the introduction of competition into 
the research articles that study a monopolist‘s incentives to undertake the socially 
optimal investments in NGA networks under geographic price discrimination. 
Such improvement will highlight the role of access regulation, whereas it will also 
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trigger a discussion about the impact of wholesale price discrimination on the 
efficiency outcomes. 

Last, the related literature, part of which are the contributed research articles in 
this thesis, implicitly or explicitly assumes that firms: (i) do not face capacity 
constraints; and (ii) make their optimal choices under fixed-coefficient technology 
with constant returns to scale. However, it is obvious that telecommunications 
networks have a limited capacity, whereas they are also closely related to 
modern technology which implies increasing returns to scale in production. 
Therefore, potential multiple equilibria and market failure may change the nature 
of access regulation.  
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ABBREVIATIONS – ACRONYMS 

ADSL Asymmetrical Digital Subscriber Line 

CC Current Costs 

CDS Credit Default Swap 

CRTC 
Canadian Radio-television and Telecommunications 

Commission 

EC European Commission 

ECTA European Competitive Telecommunications Association 

ESON Ethernet Switched Optical Network 

ETNO 
European Telecommunications Network Operators‘ 

Association 

EU European Union 

FCC Federal Communications Commission 

FDC Fully Distributed/Allocated Cost 

FTTC Fibre-to-the-Curb 

FTTH Fibre-to-the-Home 

GDP Gross Domestic Product 

GPON Gigabit Passive Optical Network 

HC Historic Costs 

LLU Local Loop Unbundling 

LRAIC Long Run Average Incremental Cost 

LRIC Long Run Incremental Cost 

MC Marginal Cost 

NGA/NGAN Next Generation Access Networks 

NRA National Regulatory Authority 

OECD Organization for Economic Co-operation and Development 

P2P(E) Point-to-Point (Ethernet) 

PSTN Public Switched Telephone Network 

SAC Stand-Alone Cost 

SMP Significant Market Power 

TELRIC Total Element Long Run Incremental Cost 

TSLRIC Total Service Long Run Incremental Cost 

US United States (of America) 

VDSL Very high-bit-rate Digital Subscriber Line 

WACC Weighted Average Cost of Capital 

ΟΤΕ Hellenic Telecommunications Organization 
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APPENDIX A 

The research towards the completion of this thesis led to the publication of six 
original articles that are at the centre of the literature studying the optimal 
regulatory intervention in each migration phase during the evolution of the 
telecommunications networks. Appendix A quotes these articles as they have 
been originally published in refereed international journals or including in the 
proceedings of refereed international conferences.  



Modeling the regulatory intervention in the telecommunications market 

67  M. Tselekounis 

 

 

 

 

 

M. Tselekounis, D. Varoutas, and D. Martakos, ―On the social optimality of 
make-or-buy decisions,‖ Journal of Regulatory Economics, vol. 41, no. 2, 
pp. 238–268, Sep. 2012.  



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 68 



Modeling the regulatory intervention in the telecommunications market 

69  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 70 



Modeling the regulatory intervention in the telecommunications market 

71  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 72 



Modeling the regulatory intervention in the telecommunications market 

73  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 74 



Modeling the regulatory intervention in the telecommunications market 

75  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 76 



Modeling the regulatory intervention in the telecommunications market 

77  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 78 



Modeling the regulatory intervention in the telecommunications market 

79  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 80 



Modeling the regulatory intervention in the telecommunications market 

81  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 82 



Modeling the regulatory intervention in the telecommunications market 

83  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 84 



Modeling the regulatory intervention in the telecommunications market 

85  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 86 



Modeling the regulatory intervention in the telecommunications market 

87  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 88 



Modeling the regulatory intervention in the telecommunications market 

89  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 90 



Modeling the regulatory intervention in the telecommunications market 

91  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 92 



Modeling the regulatory intervention in the telecommunications market 

93  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 94 



Modeling the regulatory intervention in the telecommunications market 

95  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 96 



Modeling the regulatory intervention in the telecommunications market 

97  M. Tselekounis 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 98 

 

 



Modeling the regulatory intervention in the telecommunications market 

99  M. Tselekounis 

 

 

 

 

 

M. Tselekounis, D. Varoutas, and D. Martakos, ―On the irrelevance of input 
prices from a regulatory perspective,‖ in 5th International conference on 
competition and regulation (CRESSE), 2-4 July 2010, Chania, Greece.  



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 100 

On the irrelevance of input prices from a regulatory 
perspective 

 

Markos Tselekounisa,†, Dimitris Varoutasa, Drakoulis Martakosa 

 
aNational and Kapodistrian University of Athens, Greece 

†Corresponding author: Department of Informatics and Telecommunications, 
National and Kapodistrian University of Athens, Panepistimiopolis, Ilissia, Athens, 

15784, Greece, Tel.: +30 6942 467 887 

E-mail address: markos@di.uoa.gr  

 

 

ABSTRACT 

 

The 1996 Telecommunications Act requires incumbent providers to lease network 
inputs to rivals at cost-based prices in order to secure lower prices and higher 
quality services through service-based competition. Once service-based 
competition has been established, the Act aims at promoting investment in 
alternative network infrastructures through facilities-based competition. Hence, 
access (input) price regulation aims at both securing service-based competition 
and promoting facilities-based competition. Sappington (Sappington, D. (2005). 
American Economic Review, 95(5), 1631-1638) uses the standard Hotelling 
model to show that input prices are irrelevant for an entrant‘s decision to make or 
buy an essential input for downstream production. Hence, he shows that input 
price regulation is not an efficient instrument to promote facilities-based 
competition. We show that input prices are also irrelevant for the maximization of 
social welfare and, as a result, input price regulation is also an inefficient 
instrument to secure service-based competition. Therefore, input prices are 
irrelevant from the regulatory perspective. In particular, we show that the efficient 
make-or-buy decision undertaken by an entrant is always socially optimal. Hence, 
when the entrant prefers to make the upstream input, both regulator‘s goals are 
fulfilled, whereas when the entrant prefers to buy the upstream input from the 
incumbent, the regulator fails to promote facilities-based competition. 
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1. Introduction 

The Telecommunications Act of 1996 authorized new suppliers (entrants) of 
telecommunications services to have access to incumbent suppliers‘ key network 
elements at cost-based prices.1 The purpose of this policy is ―to promote 
competition and reduce regulation in order to secure lower prices and higher 
quality services for American telecommunications consumers and encourage the 
rapid deployment of new telecommunications technologies‖. Hence, the ultimate 
goal of this unbundling policy is twofold. First, it aims at inducing service-based 
competition in the downstream (retail) market which leads to lower prices, higher 
quality and higher social welfare. Second, once service-based competition has 
been established, it aims at promoting facility-based competition which leads to 
innovation and market growth. Service-based competition requires mandated 
access to the incumbent network, whereas facility-based competition requires 
investment in network infrastructure by incumbents and, especially, entrants.  

The optimal access price that maximizes social welfare and promotes network 
investment is still an open issue. Existing studies on regulation and investment, 
mainly in broadband market, examine this issue from both theoretical and 
empirical perspective.2 

Jorde, Sidak and Teece (2000) examine the impact of access price on total 
investment incentives. They show that regulating access prices based on TELRIC 
(Total Element Long-Run Incremental Cost) methodology discourages 
incumbents to invest and encourages entrants to deviate from socially optimal 
investment level and to delay entry. Ingraham and Sidak (2003) confirm 
empirically the result of Jorde, Sidak and Teece (2000). In addition, Friederiszick, 
Grajek and Roller (2008) study the correlation between unbundling and 
investment in 25 European countries for the period 1997-2006 and find that 
unbundling discourages infrastructure investment by entrants in fixed-line 
telecommunications but does not affect substantially the incumbent‘s investment 
in fixed-line services.  

Vareda (2007) studies the effect of access price regulation on the incumbent‘s 
incentives to invest. He shows that unbundling may lower the incumbent‘s 
incentives to invest in quality upgrades but it also raises the incentives in cost-
reduction investment. Hence, the aggregate effect of access price regulation on 
incumbent‘s incentives to invest is doubtful.  

Another set of papers addresses and analyzes the effect of access price 
regulation on entrants‘ incentives to invest in alternative infrastructures. Crandall, 
Ingraham and Singer (2004) conclude that unbundling decreases facilities-based 
competition in the short term. However, they point out that their model cannot rule 
out the possibility that low UNE (unbundled network elements) rates encourage 
the entrants to rent at first, and then build facilities once they have some market 
experience. Cave and Vogelsang (2003), based on the fact that entrants will 
typically invest in replicable assets first and then progress to less replicable ones, 
suggest that at the initial stage of competition the access price for the less 
replicable network elements should be low but increasing over time as assets are 
replicated.  This theory is widely known as ―ladder of investment‖. Avenali, 

                                                            
1
  See Armstrong (2002) and Valletti and Estache (1998) for an excellent and extensive review of 

the literature on access pricing. 

2
 See (Cambini and Jiang, 2009) for an excellent and extensive review of the literature on 

broadband investment and regulation.  
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Matteucci and Reverberi (2008) argue for the efficiency of an access price that 
rises over time for fostering investment by new entrants. Using a simulation 
model, Christodoulou and Vlahos (2001) show that a ―mix‖ of infrastructure and 
service competition with a gradually increasing price of the UNE from an initially 
low level to forward-looking costs stimulates investment by both incumbents and 
entrants.  

From the above studies we infer that, although there is a great controversy about 
the effect of access regulation on investment incentives, most researchers agree 
that an access price too low may deter investment in alternative networks and an 
access price too high would discourage entrants from joining service-based 
competition. Hence, the regulatory policy should reflect the trade-off between the 
short-run benefits from service-based competition and long-run benefits of 
improved facility-based competition. 

However, Sappington (2005) shows that input prices are irrelevant for an 
entrant‘s decision to make or buy an input required for downstream production. 
This result is striking since it negates most of the above studies. He uses the 
standard Hotelling model of competition to compare the new entrant‘s profits 
when it purchases an essential upstream input from the incumbent and when it 
makes the upstream input itself. He concludes that ―the entrant undertakes the 
efficient make-or-buy decision if it purchases the upstream input from the 
incumbent whenever the incumbent is the least-cost supplier of the input, and 
produces the upstream input itself whenever it is the least-cost supplier of the 
input‖. In other words, the entrant compares its cost and the incumbent‘s cost of 
making the input in order to undertake the efficient make-or-buy decision. Hence, 
the actual level of input prices is irrelevant. According to Sappington, the reason 
of this striking result is that previous studies fail to take into account the impact of 
a new entrant‘s make-or-buy decision on subsequent retail price competition. 
After Sappington‘s suggestion, Gayle and Weisman (2007) consider alternative 
downstream interactions and show that input prices are not necessarily irrelevant 
in the Bertrand vertical differentiation model and are not irrelevant in the Cournot 
model.  

As we have already mentioned above, the regulator aims at setting the access 
price that not only maximizes social welfare but also induces investment in 
alternative networks. Sappington (2005) studies the effect of input prices on the 
entrant‘s incentives to make the upstream input. In this paper, we complement 
Sappington‘s result by studying the effect of input prices on social welfare. Like 
Sappington, we use the standard Hotelling model and show that input prices are 
irrelevant for the regulator‘s goal to maximize social welfare. In particular, we 
show that when the incumbent (entrant) is the least-cost supplier of the input, 
social welfare is maximized when the entrant decides to buy (make) the input. 
Therefore, the efficient make-or-buy decision undertaken by the entrant 
maximizes social welfare.3   

This indifference result is also striking because it proves that input prices affect 
neither service-based nor facilities-based competition.4 In addition, we show that 

                                                            
3
 Shim and Oh (2006) also state that the level of the input price does not affect the entrant‘s 

profits and the total social surplus. However, they do not combine this result with the entrant‘s 
efficient make-or-buy decision. 

4
 It should be noted that the irrelevance of input prices on social welfare is sensitive to the 

particular model of competition employed.  
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the efficient make-or-buy decision undertaken by the entrant is always socially 
optimal. Therefore, although it seems that access price regulation is an inefficient 
instrument of fulfilling the regulator‘s twofold goal, it always succeeds in 
maximizing social welfare. 

The rest of the paper is organized as follows. Section 2 gives an outline of the 
basic assumptions and definitions of our model. Section 3 presents the main 
findings of this paper. The last section summarizes the key findings and makes 
regulatory implications. 

 

2. Assumptions and definitions 

We consider a duopoly case where there are two suppliers whose final services 
are differentiated á la Hotelling (1929). The two rivals are located at the two 
extremities of the market. The incumbent is located at point 0iL   and the entrant 

is located at point 1eL  . N consumers are uniformly distributed on the unit 

interval [0,1]. Consumers are endowed with utility ( , ) ( )j j j jL v tU L P P L L    . 

Consumer utility LU  has a peak where the consumer‘s location L and the firm‘s 

location coincide. The term  ( )jt L L  can be interpreted as the linear 

transportation (disutility) cost which the consumer located at point L Є [0,1] incurs 
through the distance of transport. 0v   can be interpreted as the reservation 

price and it is assumed that it exceeds the sum of price and transport cost in 
order to assure that each consumer buys one unit of the final service. jP  ( , )j i e  

represents the price at which each provider supplies its final service. 

Each unit of the downstream service requires one unit of an upstream input and 
one unit of the downstream input. Each firm supplies its own downstream input. 

The unit costs of producing the downstream input are I
dc  and dc

  for the 

incumbent and the entrant, respectively. The incumbent‘s and entrant‘s unit costs 

of producing the upstream input are denoted by I
uc  and uc

 , respectively. Without 

loss of generality, we further assume that the unit cost of producing the 
downstream input is the same for the two retailers and is set to zero. 

The price at which the entrant can purchase the upstream input from the 
incumbent is denoted by w. The regulator sets the input (access) price that 
maximizes social welfare. Then the entrant decides whether it will buy the 
upstream input from the incumbent or produce it itself. Once the entrant has 
made its efficient make-or-buy decision, the providers choose their retail prices 
that maximize their profits. Finally, consumers make their purchase decisions. 

 

3. Findings 

In this section we estimate the input price that maximizes social welfare (SW) 
defined as the unweighted sum of profits and consumer surplus.  We use the 
backward induction method to solve this problem. Equilibrium prices (p), output 
levels (Q), profits (Π), consumer surplus (CS) and social welfare (SW) are as 
characterized in Lemmas 1 and 2.  Prices, outputs and profits for the incumbent 
and the entrant are denoted by the superscript I and E, respectively.  The 
subscript M (respectively, B) denotes prices, outputs, profits, consumer surplus 
and social welfare following the entrant‘s decision to make (respectively, buy) the 
upstream input. 
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LEMMA 1: If the entrant chooses to produce the upstream input itself, equilibrium 
retail prices, outputs, profits, consumer surplus and social welfare are (for ,i j  I, 

E, i ≠ j ): 
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LEMMA 2: If the entrant chooses to buy the upstream input from the incumbent, 
equilibrium retail prices, outputs, profits, consumer surplus and social welfare are 
(for ,i j  I, E, i ≠ j ): 
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Sappington (2005) discusses the entrant‘s efficient make-or-buy decision by 
comparing equations (3) and (9). His main finding is stated in proposition 1: 

 

PROPOSITION 1 (Sappington): Regardless of the established price (w) of the 
upstream input: (a) the entrant prefers to buy the upstream input from the 
incumbent when the incumbent is the least-cost supplier of the input (i.e. 

E E
B M   if u uc c

  ) and (b) the entrant prefers to make the upstream input itself 

when it is the least-cost supplier of the input (i.e. E E
    if u uc c

  ). 
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From proposition 1 we infer that input prices are irrelevant for the entrant‘s make-
or-buy decision. Furthermore, from (11) we infer that input prices do not have an 
impact on social welfare. Hence, input prices are irrelevant not only for the 
entrant‘s make-or-buy decision, but also for the regulator‘s goal to maximize 
social welfare. The reason is that a marginal change in input price causes a unit 
increase in incumbent‘s profits and a unit decrease in consumer surplus. As 
social welfare is the unweighted sum of profits and consumer surplus, it is thus 
not affected by a marginal change in input prices.  

It is of high interest to examine the impact of the entrant‘s efficient make-or-buy 
decision on social welfare. When the entrant prefers to make the upstream input 
itself, social welfare is given by (5) and when the entrant prefers to buy the 
upstream input from the incumbent, social welfare is given by (11). By comparing 
(5) and (11), we can state the following proposition: 

 

PROPOSITION 2: Regardless of the established price (w) of the upstream input: 
(a) the society prefers the entrant to buy the upstream input from the incumbent 
when the incumbent is the least-cost supplier of the input (i.e. B MSW SW  if 

u uc c
  ) and (b) the society prefers the entrant to make the upstream input itself 

when it is the least-cost supplier of the input (i.e. M BSW SW  if u uc c
  ). 

 

From Proposition 1 and 2, we infer that if u uc c
   both the entrant‘s profits and 

social welfare are maximized when the entrant chooses to buy the upstream input 

from the incumbent and if u uc c
   both the entrant‘s profits and social welfare are 

maximized when the entrant chooses to make the upstream input itself. Hence, 
the maximization of social welfare is in line with the entrant‘s efficient make-or-
buy decision. 

 

PROPOSITION 3: The efficient make-or-buy decision undertaken by the entrant 
is always socially optimal.  

 

Proposition 3 presents another very significant finding: although access price 
regulation neither affects the efficient make-or-buy decision undertaken by the 
entrant nor the social welfare, the regulator always succeeds in fulfilling the 

maximization of social welfare. When u uc c
   the entrant chooses to make the 

upstream input and as a result it invests in alternative infrastructure, which is 
socially optimal. In this case, the regulator‘s twofold aim is fulfilled and the trade-
off between service-based and facility-based competition disappears. On the 

contrary, when u uc c
   the entrant chooses to buy the upstream input from the 

incumbent, which is also socially optimal. In this case, the society only enjoys the 
short-run benefits from service-based competition.  

However, from (8) and (10) we infer that when the entrant chooses to buy the 
input, access price regulation affects both the incumbent‘s profits and consumer 
surplus. In particular, there is a transfer of money from consumers to incumbent, 
which equals the input price. Hence, the entrant passes on the cost of buying the 
input to consumers. If the regulator‘s priority is to maximize consumers‘ utility, it 
should set the input price to zero. Alternatively, if the regulator can bind the 
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incumbent to invest its extra profits from the upstream market to network facilities, 
it may set the access price to a level equal or below BCS . The latter policy 

induces investments in network infrastructures by the incumbent but does not 
provide incentives for facilities-based competition. The reason is that the 
incumbent‘s unit cost of producing the upstream input is expected to decrease 
and as a result the entrant will find it profitable to buy the input from the 
incumbent. Another alternative is that the regulator sets a positive input price that 
allows the incumbent to recover the fixed costs that typically incurs in practice. In 
each case, the regulator‘s priority does not affect social welfare and the entrant‘s 
profits, but only consumer surplus and the incumbent‘s profits. 

 

4. Conclusions 

The primary objective of this paper was to examine whether input prices are 
irrelevant from regulatory point of view. The ultimate goal of regulators is to 
maximize social welfare and to promote investments in alternative infrastructures 
(especially by entrants, in order to induce facilities-based competition). 
Sappington (2005) uses the Hotelling model to show that input prices are 
irrelevant for an entrant‘s decision to make or buy an upstream input required for 
downstream production. Using the same model, we showed that input prices are 
also irrelevant for the maximization of social welfare. By combining Sappington‘s 
results with ours, we have concluded that input prices are irrelevant from the 
regulatory point of view. 

Another interesting result was that the entrant‘s efficient make-or-buy decision is 
always socially optimal. In other words, the entrant‘s efficient decision always 
maximizes social welfare. Therefore, when the entrant prefers to make the 
upstream input itself, both regulatory goals are fulfilled. This result is very 
significant because the regulator succeeds in fulfilling its goals without affecting 
either the entrant‘s efficient make-or-buy decision or the social welfare. However, 
when the entrant prefers to buy the upstream input from the incumbent, the 
regulator‘s goal to promote facilities-based competition cannot be fulfilled.  

In addition, we showed that, although input prices are irrelevant for make-or-buy 
decisions and for the maximization of social welfare, it can be used by the 
regulator in order to fulfill other goals, such as the maximization of consumer 
surplus, the promotion of investments by the incumbents and the recovery of the 
fixed cost that the incumbents typically incur in practice.   

The main implication from this article is that regulators should perceive the 
particular model that characterizes the retail competition between the providers in 
order to forecast the impact of access price regulation on providers‘ strategies 
and consumers‘ utility, which in turn affect the fulfillment of regulators‘ goals. 
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Appendix 

Proof of Lemma 1 

Let L  Є [0,1] denote the location of the consumer that is indifferent between 
purchasing from the incumbent and the entrant when the entrant chooses to 
make the upstream input. See Sappington (2005) for equations (1) to (3) and the 
equation that gives the location of the indifferent consumer. Consumer surplus is 
given by  
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Social welfare is the sum of both providers‘ profits and consumer surplus. 

 

Proof of Lemma 2 

See Sappington (2005) for equations (6) to (9) and the equation that gives the 
location of the indifferent consumer when the entrant chooses to buy the 
upstream input from the incumbent. Substituting (6) in (A2) provides the 
consumer surplus when the entrant chooses to buy the upstream input from the 
incumbent. 

(A4) 
5
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4
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Social welfare is the sum of both providers‘ profits and consumer surplus. 

 

Proof of Proposition 1 

See Sappington (2005). 

 

Proof of Proposition 2 

From equations (5) and (11) in the text: 
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Like Sappington (2005), we assume that both the incumbent and entrant serve 

retail consumers in equilibrium. Hence, 3j i
u u tc c   (for ,i j  I, E, i ≠ j ). From (A7) 

we infer that: 

a. if I
u uc c
  , then M BSW SW  

b. if I
u uc c
  , then M BSW SW  

c. if I
u uc c
  , then M BSW SW  
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ABSTRACT 

This paper compares the impact of retail price discrimination and uniform pricing 
on a monopolist‘s incentives to extend its Next Generation Access (NGA) network 
deployment to less densely populated geographic areas. It is found that 
geographic price discrimination provides the monopolist with higher incentives to 
deploy a larger NGA network. In addition, geographic price discrimination results 
in better welfare outcomes than uniform pricing as long as the investment cost is 
not extremely low. In such cases, the regulator should allow the monopolist to 
geographically price discriminate since the monopolist chooses the socially 
optimal pricing regime. 
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1. Introduction 

During the last decade, the number of internet users, as well as, the capacity they 
demand have increased spectacularly. As a result, the increasing transmitted 
volume of data has made the traditional access copper networks incapable of 
providing end-users with the demanded bandwidth. On the contrary, access 
networks based on optical fibre are the only future proof solution capable to 
satisfy the future demand (Shumate, 2008) since the transmission capabilities of 
fibre are theoretically unlimited providing high data rates, low loss and low 
distortion. Such fibre-based access networks are widely known as Next 
Generation Access (NGA) networks. 

Not only technical reasons but also economic ones make the need for 
investments in NGA networks imperative. In particular, it is found that 
investments in broadband infrastructures have an undisputable positive effect on 
economic growth, broadband diffusion and job creation (Czernich et al., 2011; 
ITU, 2012). These results partially interpret why national governments rank 
among their top priorities the encouragement of investments in NGA networks. 

Nevertheless, a number of features of NGA networks make investments 
principally challenging. Demand uncertainty is particularly problematic because of 
the substantial sunk investment cost. In addition, there has been an ongoing 
discussion on the outcomes of potential regulatory intervention, especially with 
regard to its impact on investment and competition outcomes. According to 
several studies (Charalampopoulos et al., 2011; Nitsche and Wiethaus, 2011), 
permanent or temporary absence of access regulation (regulatory forbearance or 
holidays, respectively) appear superior to other regulatory regimes in terms of 
both NGA investment level and the timing of investments, although they result in 
ambiguous outcomes in terms of social welfare.  

Recently, there has also been a growing discussion supporting regulatory 
forbearance in certain geographic areas as a means of stimulating NGA 
investments (ERG, 2008). This could lead to geographic de-averaging of prices 
that would reflect the geographic variances in market conditions, which may 
significantly differ from traditional PSTN/DSL conditions. Indeed, after a period of 
obligation of non-discrimination (EU, 2002), currently, price discrimination is 
allowed to a certain (at least wholesale) extent related to NGA networks in 
Europe in order to foster innovation and welfare growth by promoting investments 
(EC, 2010). Thus, there may be a case for designing remedies that can vary 
across geographic markets that would be defined as locations with e.g., 
homogeneity in willingness to pay, competitive conditions, cost, etc. Such 
practice is widely known as price discrimination which can be defined as selling 
the same product to different customers at different prices even if the cost of sale 
is the same to each other (Posner, 2001). 

Concerning the prospective consumers‘ reaction to the launch of NGA-based 
services, it is expected that there will be a significant variation among consumers‘ 
willingness to pay for the additional benefits of such enhanced services. This 
implies that some end-users, which have low willingness to pay, will still buy the 
basic ―universal-level‖ service only, while some others have higher valuation for 
advanced bandwidth-hungry services, and hence, will migrate to the NGA 
networks. The main take-away of the relevant studies (Flamm and Chaudhuri, 
2007; Preston et al., 2007) is that consumers who place a higher (lower) 
valuation to broadband subscription tend to live in higher (lower) densely 
populated areas. Under a geographic price discrimination perspective the 
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operator could exploit such information and be able to price-discriminate in order 
to reflect more closely retail consumers‘ willingness to pay (―value-based‖ pricing) 
and/or geographical differences in network costs. 

Academic research points out that price discrimination increases producer 
surplus while the outcomes on consumer surplus and social welfare are 
heterogeneous. Varian (1985) shows that a necessary condition for price 
discrimination to improve welfare is that output increases. More recent articles 
study the impact of price discrimination not only on welfare outcomes, but also on 
a monopolist‘s investment incentives. In particular, these recent articles study the 
impact of price discrimination on the level of investment in quality (Alexandrov 
and Deb, 2012; Valletti, 2006). In both articles the number of the markets that the 
quality-enhanced product will be sold is exogenously defined, whereas the 
investment in quality is endogenously derived. It is found that price discrimination 
results in more investment in quality than uniform pricing, whereas its impact on 
social welfare depends on the specific underlying industry characteristics. 

Contrary to the above-mentioned articles, this paper studies the impact of price 
discrimination on the geographic level of NGA deployment chosen by a 
monopolist. This implies that the quality of an NGA-based service is exogenously 
defined (e.g., FTTH), whereas the number of geographic areas (markets) that this 
service will be provided is endogenously chosen. It is found that that geographic 
price discrimination provides the monopolist with higher incentives to deploy a 
larger NGA network. In addition, geographic price discrimination results in better 
welfare outcomes than uniform pricing as long as the investment cost is not 
extremely low. The policy implication from these results is that an unregulated 
monopolist will choose the socially optimal pricing regime as long as the 
investment cost is not extremely low.  

The rest of the paper is as follows. Section 2 presents the model. Section 3 
compares two pricing regimes, differential and uniform pricing, in terms of 
investment incentives and the subsequent social welfare level. The last section 
summarizes the main results of this article and proposes the directions for future 
work. 

 

2. The model 

Assume a hypothetical country consisting of different geographic areas which can 
be indexed in a decreasing order according to their population density. In 
particular, geographic areas are indexed by i  with [1, ]i n , where low values of i  

imply geographic areas with high population density, whereas geographic areas 
that are indexed by i  close to n  represent rural areas (i.e., with low population 

density). A monopolist provides a basic ―universal-level‖ broadband service (e.g., 
ADSL) to all geographic areas at a uniform price. 

Now assume that the monopolist invests in access network upgrade in order to 
provide a certain ultra-fast NGA-based service to the consumers (i.e., FTTH). The 
monopolist determines the geographic extent of the NGA deployment denoted by 

[1, ]x n . A larger x  reflects a fibre deployment to less densely populated 

geographic areas. The monopolist faces a quadratic NGA investment cost with 

respect to x , given by  
2

( ) / 2c x φx . The parameter > 0φ  represents the slope of 

the marginal investment cost function, and hence, higher values of  φ  imply a 

higher investment cost for a given investment level. The convex form reflects the 
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fact that fibre deployment becomes marginally more expensive as it is extended 
to rural, less densely populated areas. It is further assumed that the NGA 
investment level does not have any impact on the marginal cost of providing the 
NGA-based service. Thus, the unit costs of production and distribution are set to 
zero. 

In addition, the NGA deployment positively affects the willingness to pay of all 
consumers e.g., due to the emerging positive network effects. However, as it has 
already been noted in the introduction section, the consumers who live in more 
densely populated areas place a higher valuation to the additional benefits 
stemming from the NGA-based services than the consumers who live in less 
densely populated areas. In particular, it is assumed that the impact of the NGA 

deployment on the consumers‘ willingness to pay is given by x / i
2( ) . Therefore, 

the demand function in each geographic area i  is given by: 

2

i i
A x / iq p                   (1) 

where 
ip  and 

iq  are the retail market price and the quantity supplied by the 

monopolist, respectively, in each geographic area. The parameter A  represents 

the point at which the inverse demand function, 2

i i
A x / ip q   , intersects the 

vertical (price) axis when no investments have taken place. This implies that A  
represents the maximum valuation that the consumers place to the basic 
―universal-level‖ service, which affects the overall valuation for this service. As a 
result, the profit function of the monopolist in each geographic area is given by: 

2( )i i i
A x / ip p                        (2) 

whereas, the total profits of the monopolist are given by: 

2 2

1

( ) ( / 2)    
x

i i
A x / i di xp p   `            (3) 

A two-stage game is considered. In the first stage, the monopolist determines the 
extent of the NGA deployment, whereas in the second stage, it provides the 
exogenously determined quality of the NGA-based service in the geographic 
areas where the NGA network has been deployed and sets the price(s) according 
to the chosen pricing regime. In particular, there are two possible pricing regimes. 
Under the first pricing regime, the monopolist sets a different retail price to each 
geographic area (differential pricing) which reflects the different impact of the 
NGA deployment on the willingness to pay of the consumers who live in different 
geographic areas. According to the second one, the monopolist sets the same 
retail price (uniform pricing) to all geographic areas. 

 

3. Investment and welfare outcomes 

This section compares the two pricing regimes in terms of investment incentives 
and social welfare. In both cases, the game is solved backwards. This implies 
that in the second stage, the investment cost is sunk and the monopolist sets the 
price(s) of the ultra-fast broadband service for a given level of NGA deployment 
chosen in the first stage. 
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3.1. Differential pricing 

In each geographic area, the monopolist sets the retail price that maximizes its 
profits. Taking the first order condition of (2) with respect to

ip  yields the optimal 

regional retail prices as a function of the investment level x : 

22 2
i

A x
p

i
                  (4) 

Substituting (4) into (1) gives the quantity demanded (number of subscribers) in 
each geographic area: 

22 2
i

A x
q

i
                  (5) 

Therefore, the total profits of the monopolist and the consumer surplus are given, 
respectively, by: 

2 2
22 2

2

1

( 1)(3 6 1) / (12 ) ( / 2)
2 2 2




 
           

 

x

d A x x
di x A x Ax x x x x

i
        (6) 

2

2 2

1

( 1)(3 6 1) / (24 )
2

x

d iq
CS di x A x Ax x x x                             (7) 

Taking the first order condition of (6) with respect to x  gives the optimal 

investment level chosen by the monopolist under price discrimination: 

2

23 9

d y y
x v

z z v
                     (8) 

where: 

23 6y A A            

                  (9) 

12 2z                 (10) 

1
32

3 6 3
1 1

3 2 3 3 2

y y y
v

z z z z z

 
       

           
        

 

                (11) 

This investment level reflects the less densely populated geographic area which 
is passed by NGA network. Substituting (8) into (6) gives the monopolist‘s profits 

from all NGA geographic areas passed ( d ), whereas consumer surplus ( dCS ) is 

derived by substituting (8) into (7). Social welfare ( dW ) is the unweighted sum of 

profits and consumer surplus. 

 

3.2. Uniform pricing 

In this pricing regime, the monopolist sets the same price, p , in each geographic 

area. This implies that the demand function in each geographic area i  is 
2

i
A x / i pq    , and hence, the total demand faced by the monopolist is given 

by: 
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1

 ( 1)( 1 )

x

i
q di x A pq                  (12) 

Therefore, the total profits of the monopolist are given by: 

2 2
( / 2) ( 1)( 1 ) ( / 2)u pq p x A pφx φx                       (13) 

Taking the first order condition of (13) with respect to p  yields the optimal retail 

price: 

( 1) / 2p A                (14) 

As a result, the total quantity demanded (number of subscribers) in all geographic 
areas is given by: 

( 1)( 1) / 2q x A                (15) 

Therefore, the total profits of the monopolist and the consumer surplus are given, 
respectively, by: 

22( 1)( 1) / 4 ( / 2)u x A φx                          (16) 

2

2 2

1

( 1)(3 6 4 5 4) / (24 )
2

      
x

u iq
CS di x A x Ax x x x              (17) 

Taking the first order condition of (16) with respect to x  yields the optimal 

investment level chosen by the monopolist under uniform pricing: 

2( 1)

4

u A
x





                       (18) 

Substituting (18) into (16) gives the monopolist‘s profits from all NGA geographic 

areas passed ( u ), whereas consumer surplus ( uCS ) is derived by substituting 

(18) into (17). Social welfare ( uW ) is the unweighted sum of profits and consumer 

surplus. 

 

3.3. Comparison of the pricing regimes 

This section compares the two pricing regimes in terms of investment incentives 
and social welfare. It is obvious that the complex form of (8), which gives the 
optimal investment level under differential pricing, makes the comparison of the 
investment levels derived by differential and uniform pricing extremely difficult 
without providing much critical appraisal. In addition, both the monopolist‘s profits 
and consumer surplus are significantly affected by the chosen investment levels, 
and hence, the comparison of the social welfare levels under each pricing regime 
is also extremely difficult in a theoretical way. Thus, numerical simulations are 
used in order to compare the two pricing regimes in terms of investment 
incentives and social welfare. 

There are two independent parameters, A  and φ . Therefore, this paper studies 

the impact of such parameters on the effectiveness of each pricing regime to 
induce higher levels of both investments and social welfare. It is obvious that the 
study focuses on the range of the parameters that leads to non-negative profits 
for the monopolist under both regimes. In particular, differential pricing leads to 

non-negative profits for 
dd

    , whereas, under uniform pricing, the 
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monopolist‘s profits are non-negative for 
u

  . These critical values of φ  are 

affected by a change in A  according to the following Table.  

 

Table 1. The critical values of φ  for different values of  A  

A 
d

  
d

  
u

  
xφ  Wφ  

5 0.605 8.469 4.500 9.045 0.878 

10 0.589 29.740 15.125 30.424 0.868 

15 0.586 63.490 32.000 63.071 0.866 

20 0.584 109.740 55.125 110.865 0.865 

25 0.584 168.490 84.500 172.419 0.865 

30 0.584 239.740 120.125 236.401 0.865 

 

It is obvious that 
u d

  for all values of A , and hence, the range that leads the 

monopolist to earn non-negative profits under both pricing regimes is 
ud

    . 

Figure 1 shows the impact of A  and φ  on the investment levels undertaken by 

the monopolist under each pricing regime for 5A  , 10A  , 15A   and 20A  .  
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Figure 1. The levels of NGA deployment under differential and uniform pricing as a function of φ  for 

different values of A  

From figure 1 it can be deduced that for any given value of A , an increase in φ  

leads the monopolist to undertake a lower NGA deployment either under 
differential or uniform pricing regime. This implies that as the investment cost 
increases, the monopolist has lower incentives to invest in NGA networks. In 
addition, an increase in A  shifts the investment function upwards, which implies 
that, given a particular investment cost parameter φ , higher valuation for the 

basic ―universal-level‖ broadband service leads to higher investment levels. It is 



Modeling the regulatory intervention in the telecommunications market 

133  M. Tselekounis 

thus obvious that an increase in φ  negatively affects both investment levels, 

whereas an increase in A  positively affects the monopolist‘s investment 
incentives. Not surprisingly, the monopolist has higher incentives to deploy a 
larger NGA network for low investment cost and high valuation for the basic 
―universal-level‖ broadband service.  

Concerning the impact of A  and φ  on the effectiveness of each pricing regime to 

induce higher investment level, simulations show that differential pricing leads to 

higher investment level than uniform pricing as long as xφ φ . When xφ = φ , the 

two pricing regimes result in the same outcome in terms of NGA deployment (i.e., 
d ux x ). Table 1 also provides the values of xφ  for different values of A . It is 

obvious that xφ  is always higher than the upper limit of  φ  (denoted by 
u

 ) that 

makes the monopolist earn non-negative profits under both pricing regime. 
Therefore, the following proposition can be stated: 
 

Proposition 1. For any admissible values of A  and φ , differential pricing always 

results in higher investment levels than uniform pricing (i.e., d ux x ). 

 

The main regulatory implication stemming from the above proposition is that the 
regulator should allow the monopolist to geographically price discriminate if its 
unique purpose is to promote investments in NGA networks. However, the goal of 
regulators is not only to encourage NGA investments but also to prevent the 
monopolist from exploiting its market power to the detriment of consumers. In 
other words, the regulator should allow the monopolist to geographically price 
discriminate if such regime results in better outcomes than uniform pricing in 
terms of both investment incentives and social welfare. Figure 2 shows the 
impact of A  and φ  on the subsequent social welfare levels derived by the 

monopolist‘s optimal investment choice under each pricing regime for 5A  , 

10A  , 15A   and 20A  .  
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Figure 2. The levels of social welfare under differential and uniform pricing as a function of φ  for different 

values of A  
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It is obvious that the behavior of the welfare functions is similar to that of 
investments. In particular, an increase in A  has a positive impact on the welfare 
levels derived by both pricing regimes, whereas an increase in the investment 
cost φ  negatively affects the social welfare outcomes. Concerning the 

comparison between the derived social welfare levels under each pricing regime, 
simulations show that differential pricing leads to better welfare outcomes than 

uniform pricing as long as Wφ > φ . On the contrary, when Wφ φ , the socially 

optimal pricing regime is that of uniform pricing. Therefore, for every value of A , 

there is a critical value of  φ  denoted by Wφ  that makes d uW W .  This fact is 

clearly depicted in figure 2, whereas Table 1 provides the particular values of Wφ  

for different values of A .  

Note that the values of  Wφ  are very close to that of 
d

 implying that there is a 

very limited range of φ  that makes u dW W  hold.  In other words, when 
d Wφ   , uniform pricing is the socially optimal pricing regime. In this case, 

there is a trade-off between encouraging the monopolist to deploy a larger NGA 
network and preventing the monopolist from exploiting its market power. 

However, when Wφ , differential pricing leads to better outcomes than uniform 

pricing in terms of both investments and social welfare. Given that the particular 

value of Wφ is rather low and the range of  φ  that makes u dW W  hold is rather 

limited, the following proposition can be stated: 
 

Proposition 2. The regulator should allow the monopolist to geographically price 
discriminate as long as the investment cost is not extremely low. 
 

As a result, geographic price discrimination in NGA markets should be allowed by 
the regulator when the investment cost is not extremely low. In this case, the 
monopolist will price the NGA-based services according to the socially optimal 
pricing regime, which is the differential pricing. On the contrary, when the 

investment cost is extremely low (i.e., 
d Wφ   ), there is a trade-off between 

encouraging investments and promoting social welfare. In this case, the regulator 
may oblige a uniform pricing in order to improve social welfare since investments 
in access infrastructures may have already been encouraged by allowing the 
monopolist to ban access to the new NGA infrastructures by alternative operators 
(these are the cases of regulatory forbearance or regulatory holidays).  

 

4. Conclusions 

This paper discussed the impact of retail price discrimination on investment 
incentives and social welfare when the investor is not obliged to provide access 
to its improved access infrastructures to its competitors. In particular, it was 
assumed that the firm invests in NGA networks under regulatory forbearance or 
regulatory holiday. Thus, the investor firm acts as a monopolist in the market for 
ultra-fast broadband services provided over the new fibre-based access network. 
It was further assumed that the consumers place a different valuation to the ultra-
fast broadband connection according to their geographic area. In particular, 
consumers who live in more densely populated areas place a higher valuation to 
the ultra-fast broadband service due to socioeconomic characteristics, such as 
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income, education, etc. 

It was found that geographic price discrimination provides the monopolist with 
higher incentives to deploy a larger NGA network (i.e., the NGA investment is 
extended to rural, less densely populated areas). In addition, geographic price 
discrimination results in better welfare outcomes than uniform pricing as long as 
the investment cost is not extremely low. In such cases, the regulator should 
allow the monopolist to geographically price discriminate since the monopolist 
chooses the socially optimal pricing regime. On the contrary, when the 
investment cost is extremely low, uniform pricing is the socially optimal pricing 
regime, whereas differential pricing maximizes private investment incentives. In 
such cases, a benevolent regulator may impose the uniform pricing regime in 
order to mitigate the detrimental impact of regulatory forbearance or holidays on 
social welfare. 

Although its limitations, this paper provided some very interesting results 
concerning the regulation of the retail NGA market. However, since the focus of 
regulators is continuously shifting from the regulation of the retail market to the 
regulation of the wholesale market, this paper can trigger a discussion on the 
investment and welfare outcomes of geographic price discrimination at a 
wholesale level. Thus, future research should focus on improving this paper by 
introducing competition both for investments and consumers, and then, studying 
the regulatory implications of a geographic differentiated access price. 

 

Acknowledgments 

Tselekounis Markos acknowledges financial support from the European Union 
(European Social Fund – ESF) and Greek national funds through the Operational 
Program "Education and Lifelong Learning" of the National Strategic Reference 
Framework (NSRF) - Research Funding Program: Heracleitus II. Investing in 
knowledge society through the European Social Fund. 

 

References 

Alexandrov A, Deb J. Price discrimination and investment incentives. 
International Journal of Industrial Organisation 2012;30; 615-623. 

Charalampopoulos G, Katsianis D, Varoutas D. The option to expand to a next 
generation access network infrastructure and the role of regulation in a 
discrete time setting: A real options approach. Telecommunications Policy 
2011;35; 895-906. 

Czernich N, Falck O, Kretschmer T, Woessmann L. Broadband Infrastructure and 
Economic Growth. The Economic Journal 2011;121; 505-532. 

EC 2010. Commission Recommendation of 20 September 2010 on regulated 
access to Next Generation Access Networks (NGA) (Text with EEA 
relevance) (2010/572/EU). 

ERG 2008. Report on the Public Consultation of the ERG Common Position on 
Geographic Aspects of Market Analysis (definition and remedies). 

EU 2002. EU Directive 2002/19/EC of the European Parliament and of the 
Council of 7 March 2002 on access to, and interconnection of, electronic 
communications networks and associated facilities (Access Directive). 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 136 

Flamm K, Chaudhuri A. An analysis of the determinants of broadband access. 
Telecommunications Policy 2007;31; 312-326. 

ITU 2012. The impact of broadband on the economy: Research to date an policy 
issues. 

Nitsche R, Wiethaus L. Access regulation and investment in next generation 
networks — A ranking of regulatory regimes. International Journal of Industrial 
Organization 2011;29; 263-272. 

Posner RA. Antitrust Law. University of Chicago Press: Chicago and London; 
2001. 

Preston P, Cawley A, Metykova M. Broadband and rural areas in the EU: From 
technology to applications and use. Telecommunications Policy 2007;31; 389-
400. 

Shumate PW. Fiber-to-the-home: 1977-2007. Journal of Lightwave Technology 
2008;26; 1093-1103. 

Valletti T. Differential pricing, parallel trade, and the incentive to invest. Journal of 
International Economics 2006;70; 314-324. 

Varian H. Price discrimination and social welfare. American Economic Review 
1985;75; 870-875. 

 



Modeling the regulatory intervention in the telecommunications market 

137  M. Tselekounis 

 

 

 

 

 

M. Tselekounis, E. Xylogianni, D. Varoutas, and D. Martakos, 
―Geographically differentiated NGA deployment,‖ in 24th European 
Regional Conference of the International Telecommunications Society (ITS), 
20-23 October 2013, Florence, Italy. 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 138   

 



Modeling the regulatory intervention in the telecommunications market 

139  M. Tselekounis 

Geographically Differentiated NGA Deployment 

Markos Tselekounis†, Eirini Xylogianni, Dimitris Varoutas, 

Drakoulis Martakos 

National and Kapodistrian University of Athens, Greece 

†Corresponding author: Department of Informatics and Telecommunications, 
National and Kapodistrian University of Athens, Panepistimiopolis, Ilissia, Athens, 

15784, Greece, Tel.: +30 210 7275186 

E-mail address: markos@di.uoa.gr 

 

Abstract 

This paper studies the incentives of an unregulated monopolist to undertake the 
socially optimal investment in NGA networks when it takes into account the fact 
that the NGA deployment is a two-dimensional investment decision concerning 
both the quality (or equivalently, technology) and the geographic coverage. It is 
found that both the privately and the socially optimal investment decisions result 
in a geographically differentiated NGA deployment implying that different quality 
NGA networks are deployed in different geographic areas. In particular, NGA 
networks of higher (lower) quality are deployed in the more (less) densely 
populated geographic areas. Although such geographically differentiated NGA 
investment leads the monopolist to provide a nationwide NGA deployment, it is 
found that the monopolist underinvests compared to the socially optimal levels of 
both technology and geographic coverage. In addition, since the objectives of the 
Europe 2020 Strategy concern both the NGA technology and the NGA coverage, 
this paper shows that the first objective of providing all Europeans with access to 
much higher internet speeds of above 30 Mbps is feasible when the demand for 
NGA-based services is significantly elastic, whereas the second objective of 
providing internet connection speeds of 100 Mbps to 50% or more of European 
households is not a feasible goal. 

 

Keywords: Broadband, geographic areas, investment incentives, next generation 
access networks, telecommunications 
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1. Introduction 

Investments in Next Generation Access (NGA) networks1, which allow ultra fast 
internet connections, are expected to have a positive impact on economic growth, 
employment and social prosperity. This fact has been notably highlighted in the 
European Commission Recommendation on regulated access to NGA (EC, 
2010a) and in the Digital Agenda for Europe (EC, 2010b), whereas it has been 
empirically proven by Czernich, Falck, Kretschmer and Woessmann (2011) and 
Katz, Vaterlaus, Zenhäusern and Suter (2010). However, recent data from the 
European Commission (EC, 2012) shows that European telecommunication 
operators are reluctant to invest in NGA networks. According to the Dutch 
regulatory authority, OPTA (2008), the main factors that negatively affect an 
investor‘s incentives to invest in NGA networks are: (i) the uncertainty about 
future demand for new NGA-based services; and (ii) the regulatory uncertainty 
related to the regulator‘s limited ability to make ex ante credible commitments. 
Therefore, there is a growing interest among policy makers about the optimal 
regulatory policy that promotes both competition and investment in NGA 
networks.  

 

1.1. Regulatory concerns 

In fact, the assessment of such optimal regulatory policy is a very complex and 
challenging task because there are many different factors that affect the 
profitability of an NGA investment project and the subsequent competition 
outcomes. This implies that regulators have to make a number of decisions that 
directly affect the level of NGA deployment and the intensity of competition. 

 Initially, regulators have to decide the regulatory regime applied to the NGA 
market. Permanent regulation implies that the ex ante imposed remedies hold for 
the whole lifecycle of the NGA investment, whereas regulatory forbearance refers 
to the situation where there is no ex ante regulation on NGA networks. 
Regulatory holidays and sunset clauses are intermediate regulatory regimes 
between regulatory forbearance and permanent regulation. Under regulatory 
holidays, the investor is not imposed to any regulatory constraints for a 
predetermined period of time, whereas by imposing a sunset clause, the regulator 
commits that will withdraw access obligations after a predetermined date. It is 
obvious that regulatory forbearance or holidays appear superior to the other 
regulatory regimes in terms of both NGA investment level and the timing of the 
investments but they fail to promote an efficient competition level 
(Charalampopoulos, Katsianis and Varoutas, 2011; Gavosto, Ponte and 
Scaglioni, 2007; Nitsche and Wiethaus, 2011). 

Secondly, regulators have to assess the level of the access price that an access 
seeker should pay to the NGA investor in order to have access to the fibre-based 
access network. This regulatory decision has attracted much interest in the policy 
debate. A sizeable number of papers study the effect of different combinations of 
regulatory regimes and access prices on an operator‘s investment incentives and 
on the subsequent social welfare outcomes. A first literature strand concludes 

                                                            
1
 According to European Commission (EC, 2010a), Next Generation Access (NGA) networks 

means wired access networks which consist wholly or in part of optical elements and which are 
capable of delivering broadband access services with enhanced characteristics (such as higher 
throughput) as compared to those provided over already existing copper networks. In most cases 
NGAs are the result of an upgrade of an already existing copper or coaxial access network. 
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that an unbundling policy that boosts entry by alternative operators promotes 
static efficiency but leads to losses in dynamic efficiency (Bouckaert, van Dijk and 
Verboven, 2010).2 This implies that cost-oriented access prices is an effective 
regulatory tool for fostering service-based competition in order to improve static 
efficiency, but they cannot promote investments in new NGA networks by either 
incumbents or entrants since the investors are not compensated for the 
uncertainty of NGA investment.3  

As a result, a second literature strand studies the impact of alternative regulatory 
settings on promoting both static and dynamic efficiency. In particular, this set of 
papers explores the effectiveness of several investment-contingent access prices 
to increase both static and dynamic efficiency when a single operator invests 
under either demand uncertainty (Bender, 2011; Nitsche and Wiethaus, 2011) or 
regulatory uncertainty (Klumpp and Su, 2010; Sarmento and Brandao, 2007; 
Tselekounis and Varoutas, 2013), as well as, when two operators invest in non-
overlapping areas (Henriques, 2011; Sauer, 2011). This literature concludes that 
compensating the investor(s) for the uncertainty of NGA investment through an 
investment-contingent access price can achieve both static and dynamic 
efficiency under certain demand, cost and regulatory conditions. 

The aforementioned papers that study the impact of alternative regulatory 
regimes and access pricing rules on investment and competition outcomes 
neglect the fact that there is a period during which both copper and NGA 
networks are in operation and are competing for customers. Therefore, the third 
regulatory decision concerns the level of the access price applied to the copper 
access network. This regulatory task gives rise to a more recent stream of papers 
which discuss the impact of the regulation of the copper access network on the 
firms‘ investment incentives when the NGA market is left unregulated or when 
there is an interplay between the access prices of the two networks (Bourreau, 
Cambini and Doğan, 2013; Bourreau, Cambini and Doğan, 2012; Bourreau, Lupi 
and Manenti, 2013; Brito, Pereira and Vareda, 2012; Cambini and Silvestri, 2012; 
Cave, Fournier and Shutova, 2012; Inderst and Peitz, 2012; Neumann and 
Vogelsang, 2013). The main conclusion of this literature is that although a higher 
access charge for the copper access network seems to lead to lower incentives 
to invest for the firm owning the copper access network and to stronger incentives 
to invest for its competitor, a positive correlation between the access prices of the 
two networks incentivizes the migration to the NGA network. 

A last regulatory decision, which has mostly been overlooked in the related 
literature, concerns the possibility of defining different geographical markets 
according to the prevailing competitive and cost conditions, and therefore, the 
imposition of geographically differentiated remedies. Indeed, after a period of 

                                                            
2
  Static efficiency concerns the short-run regulatory goal to provide firms with significant 

incentives to invest in innovative, differentiated services. Such service-based competition leads to 
a self-sustaining pro-competitive market structure in which firms behave in a competitive manner, 
and hence, the consumers enjoy the welfare gains from static efficiency (lower prices, better 
quality and extended variety of services). On the other hand, dynamic efficiency concerns the 
long-run goal of access regulation to induce the firms to undertake the socially optimal (efficient) 
investment decisions in new competing infrastructures. Such facilities-based competition achieves 
the full benefits of competition, and hence, the consumers enjoy the full welfare gains from 
dynamic efficiency (maximum market growth in terms of both volume and value so that markets 
achieve minimized costs, innovative technologies and advanced services). 

3
  See Cambini and Jiang (2009) for an excellent review of the theoretical and empirical literature 

on the relationship between broadband investment and regulation. 
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obligation of non-discrimination (EU, 2002), currently, price discrimination is 
allowed to a certain (at least wholesale) extent related to NGA networks in 
Europe in order to foster innovation and welfare growth by promoting investments 
(EC, 2010b). Bourreau, Cambini and Hoerning (2013) assume that differentiated 
wholesale access schemes vary according to the degree of infrastructure 
competition and point out that the regulator faces a dilemma between setting a 
lower access charge to maximize per-area welfare by maintaining lower retail 
prices, and setting a high access charge to maximize investment incentives. They 
show that differentiated remedies (where access is regulated in non-competitive 
areas, while access is privately negotiated in competitive areas) can be either too 
high or too low from a social perspective. 

From the above analysis, it can be deduced that the derivation of an optimal 
regulatory policy that promotes both NGA investment and competition is a very 
difficult and complex task since it requires the estimation of the impact of four 
interrelated decisions on the twofold regulatory goal. This task becomes even 
more complex if we take into account the previously overlooked fact that the 
deployment of an NGA network is a two-dimensional investment decision.  

 

1.2. The two dimensions of an NGA investment decision 

A potential investor in an NGA network has to decide: (i) the quality of the NGA 
network which is closely related to the provided NGA technology, and hence, to 
the provided internet connection speeds; and (ii) the geographic coverage of the 
NGA deployment.  

The first decision is related to the part of the copper wire being replaced by fibre 
optics. There are certain NGA architectures, the most common of which are: (i) 
Fibre-to-the-Curb (FTTC); (ii) Fibre-to-the-Building (FTTB); and (iii) Fiber-to-the-
Home (FTTH). It is obvious that the higher the part of the copper wire being 
replaced by fibre optics, the higher the internet connection speeds that can be 
provided to end-users. However, the quality of the NGA network is not only 
affected by the particular point of the local loop at which the fibre is terminated, 
but also by the particular access technology used to implement each architecture. 
In particular, the FFTH architecture can be implement by using either the point-to-
point (P2P) connectivity technology, in which each device at the subscriber 
premises is connected through a dedicated optical fibre to a switch port located at 
the central office of the investor, or the point-to-multi-point (P2M)/ passive optical 
network (PON) connectivity technology which divides an optical signal into 
several shared connections. As a result, an investor in NGA network has to 
decide the combination of the NGA architecture and the connectivity technology 
that leads to a deployment of an NGA network of a particular quality (or NGA 
technology). This decision is closely related to the internet connection speeds 
that will be provided by the investor to its consumers. The second decision 
concerns the geographical extent of the NGA deployment. Therefore, the investor 
also chooses the geographic areas in which a fibre-based access network will be 
deployed. This decision determines the geographic NGA coverage.  

Although the research papers that study the impact of the four interrelated 
regulatory decisions on investment incentives and competition outcomes 
separately treat the two dimensions of an NGA investment decision, it should be 
noted that the investor‘s decisions concerning the NGA technology and the 
geographic NGA coverage are closely related. In particular, existing studies 
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assume that a prospective investor in NGA networks chooses either the quality or 
the geographic coverage of the NGA network. This implies that the investor 
decides: (i) the quality of the NGA network that will be provided in an 
exogenously given number of geographic areas; or (ii) the number of geographic 
areas in which an exogenously given NGA technology network will be deployed. 
In each case, the investor focuses on one of the two dimensions of the NGA 
investment decision by taking the other dimension as given. A reasonable 
extension would be to consider a static modeling approach in which an investor 
endogenously chooses its optimal NGA technology network that will be deployed 
only in the geographic areas that the investment is proven to be profitable.  

This paper goes one step beyond and models the fact that the investor chooses 
the NGA technology that will be provided in each geographic area.4 Therefore, 
not only the quality of the NGA network and the coverage of the NGA deployment 
are both endogenously chosen by the investor, but also different NGA 
technologies may co-exist according to the prevailing demand and cost 
conditions in each geographic area. This modeling setup is the first step towards 
studying an operator‘s incentives to deploy a geographically differentiated NGA 
network. As a result, this paper derives the provided NGA technology in each 
geographic area, as well as, the optimal number of areas that will be upgraded to 
any NGA technology. In addition, it compares the privately optimal two-
dimensional investment decision with the socially optimal geographically 
differentiated NGA deployment. In other words, the aim of this paper is to assess 
whether the regulatory decision to allow an investor to deploy a quality-
differentiated NGA network can promote both static and dynamic efficiency (i.e. 
induces the socially optimal investment outcome).  

It should be noted that the derived results are comparable to the objectives of the 
Europe 2020 Strategy (EC, 2010b) which envisions that, by 2020, (i) all 
Europeans will have access to much higher internet speeds of above 30 Mbps 
and (ii) 50% or more of European households will subscribe to internet 
connections above 100 Mbps. It is obvious that these goals concern both the 
NGA technology and the NGA coverage, and hence, the research focus should 
shift towards modeling approaches that take into account the fact that the NGA 
deployment is a two-dimensional investment decision which results in a 
geographically differentiated NGA deployment.   

The remainder of the paper is structured as follows. Section 2 gives an outline of 
the basic assumptions and definitions of the model. Section 3 compares the 
privately and the socially optimal investment levels in terms of both quality and 
geographic coverage in order to assess whether the investor undertakes the 
socially optimal investment decision. The last section summarizes the main 
results of this article and proposes the directions for future work. 

 

2. The model 

This section presents an innovative modeling setup which aims at reflecting the 
fact that the NGA deployment is a two-dimensional investment decision which 
concerns both the NGA technology and the geographic NGA coverage. Since the 

                                                            
4
 In fact, the investor has also to decide the time at which it will build an NGA network of a 

particular quality in each geographic area. However, the optimal timing of an NGA investment is 
studied using dynamic modeling approaches, and hence, is out of the scope of this paper, 
although we acknowledge that it provides an excellent field for future research.  
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goal of the paper is to assess whether the regulatory decision to allow an investor 
to deploy a different quality NGA network in each geographic area can promote 
both investment and social welfare, all the other regulatory decisions are 
exogenously chosen in order to simplify the model as much as possible. In 
particular, it is assumed that the investor is not obliged to provide access to its 
improved access infrastructures to its competitors, which implies that the 
monopolist firm invests in NGA networks under regulatory forbearance. Although 
such monopolistic regime does not resolve the trade-off between static and 
dynamic efficiency, the study of the derived investment outcomes is very useful 
for comparison purposes since they obviously represent the upper limit of the 
investment level.  It is further assumed that the deployment of an NGA network 
eliminates the services provided over the pure copper access network (e.g. 
ADSL), and hence, the impact of the access price applied to the copper access 
network is of no significance. The last assumption made concerns the imposition 
of geographically differentiated remedies. In particular, the monopolist investor is 
allowed to geographically price discriminate in the retail market, which of course, 
increases its investment incentives compared to the uniform pricing regime 
(Alexandrov and Deb, 2012; Tselekounis, Maniadakis and Varoutas, 2013; 
Valletti, 2006).  

The model used in this paper is based on a hypothetical country consisting of a 
continuum of geographic areas which can be indexed in a decreasing order 
according to their population density. In particular, geographic areas are indexed 
by i  with [1, ]i n , where low values of i  imply geographic areas with high 

population density, whereas geographic areas that are indexed by i  close to n  

represent rural areas (i.e. with low population density). A monopolist provides a 
basic ―universal-level‖ broadband service (e.g. ADSL) to all geographic areas at a 
uniform price. Now assume that the monopolist invests in access network 
upgrade by deciding which geographic areas will be passed by any technology 
NGA network and which NGA quality will be provided in each geographic area. 
Therefore, the monopolist initially determines the geographic extent of the NGA 

deployment denoted by max [1, ]x n  and then decides which NGA technology 

denoted by min max[ , ]i i iy y y will be provided in each geographic area ix , [1, ]i n . 

Obviously both investment decisions are continuous in [1, ]n  and min max[ , ]i iy y , 

respectively. It is expected that the most densely populated geographic area ( 1x ) 

will be covered by the highest quality NGA network ( max

iy ), whereas the least 

densely populated, but NGA-passed, area ( maxx ) will be covered by the lowest 

quality NGA network ( min

iy ). 

Contrary to the existing studies which assume that a higher level of NGA 
investment in terms of either technology or coverage leads to a more outward 
parallel shift in the demand curve (and thus equally benefits all consumers), this 
paper models the fact that a higher NGA technology network positively affects the 
consumers‘ willingness to pay for ultra-fast NGA-based services, but its impact 
declines as it is provided to more rural areas. The reason is that consumers who 
place a higher (lower) valuation to broadband subscription tend to live in higher 
(lower) densely populated areas (EC, 2010b; Götz, 2013; Preston, Cawley and 
Metykova, 2007). In addition, the investment cost is assumed to be increasing 
and convex reflecting the fact that the NGA investment becomes marginally more 
expensive as a better quality NGA network is deployed in order to provide end-
users with higher internet connection speeds. However, contrary to existing 
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studies which assume an exogenously given slope of the marginal investment 
cost function, this paper models the fact that the investment cost of providing a 
particular NGA technology becomes marginally more expensive as it is extended 
to less densely populated areas. Once again, population density has been proven 
to be an effective proxy for reflecting the fact that the investment cost per 
potential user decreases in the population density (Götz, 2013). It is thus obvious 
that geographic areas not only differ with respect to the cost of rolling out an NGA 
network of a particular technology, but also with respect to the impact of such 
NGA deployment on consumers‘ willingness to pay. Therefore, the demand and 
the investment cost functions in each geographic area   are given, respectively, 
by: 

2

i
i i

i

y
p A q

x
     (1) 

and   

2

( )
2

i ix y
C i   (2) 

where ip  and iq  denote the retail market price and the quantity supplied, 

respectively, in each geographic area, 0  represents the slope of the inverse 

demand function and A  represents the maximum valuation that the consumers 
place to the services provided over the pure copper access network when the 

NGA investment has not taken place. In addition, ix  reflects the geographic NGA 

deployment and iy  reflects the NGA technology. A larger ix  implies an NGA 

deployment to less densely populated areas, whereas a larger iy  implies a fibre 

deployment closer to the consumers‘ premises combined with a better 
connectivity technology. It is obvious that a higher NGA technology positively 
affects the consumers‘ willingness to pay, but its impact declines as it is provided 
to more rural areas. In addition, the investment cost of providing a higher NGA 
technology becomes marginally more expensive as it is extended to less densely 
populated areas.  

 

3. Investment and welfare outcomes 

This section studies the incentives of an unregulated monopolist to undertake the 
socially optimal investment decision in terms of both NGA technology provided in 
each geographic area and geographic coverage of the NGA deployment. As 
usual, the game is solved backwards. This implies that in the third stage, the 
investment cost is sunk and the monopolist sets the geographic differentiated 
retail prices of the different ultra-fast broadband services provided in each area 
given the level of NGA deployment chosen in the first stage and the quality of the 
NGA network chosen in the second stage. 

 

3.1. Privately optimal level of NGA technology 

The profit function of the investor (net of investment cost) derived from the 

investment iy  in each geographic region ix  is given by: 

i i ip q   (3) 
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Substituting the solution of Eq. (1) with respect to 
iq  in Eq. (3) and taking the first 

order condition with respect to 
ip  gives the retail market price that maximizes the 

monopolist‘s profits in each geographic area.  

2
*

22

i i
i

i

Ax y
p

x


  (4) 

As a result, the optimum quantity supplied in each geographic area is given by: 

 

2
*
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i i
i

i

Ax y
q

x





 (5) 

Obviously, both the retail price and the quantity supplied in each geographic area 
are positively affected by a higher NGA technology and a higher population 
density. Substituting Eqs. (4) and (5) into Eq. (3) and taking into account the 
investment cost in each geographic area given by Eq. (2) yields the profits of the 

investor in each geographic area as a function of the NGA technology ( iy ) and 

the index of the corresponding geographic area ( ix ).   

2
2 2

2

1

2 2

i i i i
i

i

Ax y x y

x

 
   

 
 (6) 

Taking the first order condition of Eq. (6) with respect to iy  gives the quality of the 

NGA network that maximizes the monopolist‘s regional profits.  

2

52 1

M
i

i
i

Ax
y

x



 (7) 

Equation (7) shows the level of NGA technology iy  that the monopolist investor is 

willing to install in each geographic area ix . Obviously, the privately optimal level 

of the NGA technology is different among the various geographic areas. In 
particular, by studying the first and second derivatives of Eq. (7) with respect to 

ix , it is concluded that the privately optimal level of NGA technology in each 

geographic area is a decreasing and convex function of ix . This implies that the 

unregulated monopolist chooses a geographically differentiated NGA network in 
terms of the provided quality. In other words, the less (more) densely populated a 
geographic area is, the less (more) the extent of NGA upgrade that maximizes 
the investor‘s regional profits.  

 

3.2. Socially optimal level of NGA technology 

Social welfare is the unweighted sum of profits and consumer surplus. Given that 

the consumer surplus in each geographic area is given by  
2

/ 2i iCS q  , it is 

deduced that the socially optimal level of NGA technology should maximize the 
following social welfare function: 

2 2
2 2 2

2 2

1

2 2 2 (2 )
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Therefore, the socially optimal level of NGA technology is given by taking the first 

order condition of Eq. (8) with respect to 
iy : 

2

5

3

4 3

SW
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i
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Assumption 1. Let 54 3 0ix   . 

Assumption 1 ensures that the privately and the socially optimal levels of NGA 

technology are both positive in each geographic area. In particular, 5 0.75ix   is 

a sufficient condition to ensure that , 0
M SW

i i
y y  . 

In addition, by studying the first and second derivatives of Eq. (9) with respect to 

ix , it is deduced that the socially optimal level of NGA technology in each 

geographic area is also a decreasing and convex function of ix . This implies that 

the society is better off by a geographically differentiated NGA network in terms of 
the provided quality. 

 

3.3. Comparison of privately and socially optimal levels of NGA technology 

The comparison of Eqs. (7) and (9) shows that the level of NGA investment in 
quality in each geographic area imposed by the investor‘s private investment 
incentives is less than the corresponding socially optimal level of NGA investment 

in quality (i.e. 
M SW

i i
y y ). 

Proof. 
2 2

5 5

3

4 3 2 1

SW M
i i

i i
i i

Ax Ax
y y

x x 
   

 

5 56 3 4 3i ix x     6 4 ■ 

Therefore, the following proposition can be stated: 

Proposition 1. The unregulated investor always underinvests compared to the 
socially optimal investment level of NGA quality (or technology).   

The above result is graphically presented by Figure 1. The solid line reflects the 
privately optimal NGA quality provided in each geographic area, whereas the 
dashed line reflects the corresponding socially optimal level. 

 

Figure 1. The relationship between ix  and iy  from a private and a social perspective ( 10A   and 0.8 ) 
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3.4. Privately and socially optimal levels of geographic NGA coverage 

The goal of this section is to derive the privately and the socially optimal levels of 
geographic NGA coverage. In other words, this section aims at assessing the 
least densely populated geographic area that will be upgraded to any NGA 
technology when the investor is the unregulated monopolist and when the NGA 
investment is undertaken by the society. Substitution Eq. (7) into Eq. (6) gives the 
regional profits of the investor: 

2 5

52(2 1)

i
i

i

A x

x
 


 (10) 

It is obvious that the investor‘s profits in each geographic area are positive. This 
implies that the unregulated investor is willing to deploy a nationwide quality-
differentiated NGA deployment, although the installation of fibre optics in the local 
loop will be far away from the consumers‘ premises at the less densely populated 
areas. This fact gives rise to the following proposition: 

Proposition 2. When the unregulated investor is allowed to deploy a 
geographically differentiated NGA network, it is willing to invest in all geographic 
areas within a given country, although the fibre deployment in the less densely 
populated areas is rather insignificant. 

This result is a very interesting finding since is in contrast with existing studies 
which conclude that there is an optimal (one-dimensional) investment level that 
maximizes the investor‘s profits. Of course, the result of proposition 2 is due to 
the ability of the investor to maximize its regional profits by providing a different 
NGA quality network in each geographic area. 

However, it is practical to limit our study to the lowest quality NGA network that is 
technically available. This is the Fibre-to-the-Curb (FTTC) architecture that 
provides internet connection speeds from 30Mbps to 100Mbps. Obviously, this is 
the reason that the Digital Agenda for Europe envisions that, by 2020, all 
Europeans will have access to internet speeds of at least 30Mbps.  

Therefore, it is assumed that the highest quality NGA network is achieved by the 
P2P architecture (which can provide internet connection speeds of up to 

1000Mbps) and is denoted by 2P Py . It is reasonable to consider max

iy  corresponds 

to the socially optimal level of NGA technology provided in the most densely 

populated area. This level is derived by setting  1 1ix x   in Eq. (9). Therefore: 

max

1

3

4 3

SW

i

A
y y 


  (11) 

It is obvious that max

iy  takes its maximum value when the denominator of Eq. (11) 

is minimized. The solution of 4 3 0    is 0.75  , which implies that 0.8   is a 

sufficient condition to ensure that  1 0SWy  . Moreover, given that   negatively 

affects the optimal level of investment in quality, the highest internet connection 

speed is achieved for 0.8 , and hence, 2

1 ( 0.8)P P SWy y  , which implies that 
2 15 1000MbpsP Py A  . Note that in the most densely populated area the privately 
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optimal level of NGA technology is given by setting 1 1ix x   in Eq. (7) and is 

maximized for 0.8 . Hence:  

 1 1.667
2 1

M A
y A 


  (12) 

As a result, the minimum threshold of the internet connection speed that is 
acceptable in the present study (i.e. 30Mbps) will be provided to the least densely 
populated area in which an NGA network will be deployed. Let denote this 
geographic are by [1, ]n n . Therefore: 

min 2 min min30 45
0.45

1000 100

P P

i i in
y y y y A y A       (13) 

Equating  Eqs. (13) and (7) and solving with respect to ix  gives the geographic 

area in which the monopolist investor will deploy the minimum quality NGA 

network. In addition, equating  Eqs. (13) and (9) and solving with respect to ix  

yields the socially optimal geographic area covered by the minimum quality NGA 
network. The former geographic area reflects the privately optimal geographic 

NGA coverage denoted by 
max

Mx n , whereas the latter reflects the socially 

optimal geographic NGA coverage denoted by 
max

SWx . Since both levels of 

geographic coverage are affected by the slope of the inverse demand function, 

table 1 provides the levels of 
max

Mx  and 
max

SWx  for the values of   that ensure a 

positive geographic NGA development (i.e. max 1Mx  , or equivalently, [0.8,1.6]  ). 

 

Table 1 (for 10A   and min 0.45iy   ) 

      

0.8 1.21863 1.37180 

0.9 1.17805 1.32505 

1 1.14312 1.28483 

1.1 1.11261 1.24970 

1.2 1.08562 1.21863 

1.3 1.06149 1.19087 

1.4 1.03974 1.16585 

1.5 1.01998 1.14312 

1.6 1.00191 1.12235 

1.7 0.98530 1.10326 

 

Table 1 reveals that the unregulated monopolist underinvests compared to the 

socially optimal geographic NGA coverage (i.e. 
max max

M SWx x ). This is an expected 

result since the socially optimal level of NGA technology in each geographic area 
is always higher than the corresponding privately optimal level, and hence, the 
same level of NGA technology (which, in this case, corresponds to 30Mbps) is 
privately provided to a more densely populated area than the corresponding 
socially optimal geographic area.  


max

Mx
max

SWx
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Table 1 also provides useful implications about the feasibility of the first goal of 
the Digital Agenda for Europe concerning the provision of access to much higher 
internet speeds of above 30 Mbps to all Europeans. Assuming that the EC sets 
its objectives from a social rather than an industrial perspective as well as that the 
European households are uniformly distributed to all geographic areas, the total 
number of the households of a given country will correspond to a particular value 

of 
max

SWx  denoted by 
max
ˆSWx . In turn, 

max
ˆSWx  corresponds to a particular value of   

denoted by ̂ . Therefore, if the demand for ultra-fast broadband services is more 

inelastic than ̂  (i.e. ˆ  ), then the achievement of the first goal of the Digital 

Agenda for Europe is not feasible. On the contrary, when ˆ  , the fulfillment of 

this goal is feasible when the privately optimal NGA coverage is at least equal to 

the socially optimal NGA coverage derived by ̂ . In this case, the monopolist 

provides all households with at least 30Mbps. The particular value of   that leads 

to the provision of 30Mbps in the least densely populated area of a given country 
is given by: 

2 2

5 5

3 2ˆ ˆ( ) ( )
ˆ2 1 34 3

M SW n n
n n

n n

Ax Ax
y y

x x
    

 
   

 
 (14) 

Equation (14) implies that the first goal of the Digital Agenda for Europe is 

feasible when ˆ66,7%  . For instance, assume that the total number of 

households correspond to the geographic area 1.14312ix  , which in turn 

corresponds to ˆ 1.5   . According to Eq. (14), the monopolist will provide this 

least populated area with at least 30Mbps if 1  . Indeed, table 1 shows that the 

privately optimal geographic NGA coverage is max 1.14312Mx   when 1   . For 

1  , internet connection speeds of above 30Mbps are provided to all 

households.   

In other words, the slope of the inverse demand function for NGA-based services 
should be significantly flatter than the respective slope that leads to the provision 
of 30 Mbps to all households by the socially optimal investment in geographic 
coverage. The reason is that as the demand for NGA-based services becomes 
more elastic, the effectiveness of price discrimination to decrease consumer 
surplus in favor of the monopolist is limited, and hence, the monopolist has 
incentives to extend its NGA coverage to more geographic areas. 

This paper can also assess the feasibility of the second objective of the Digital 
Agenda for Europe, which refers to the goal of achieving the provision of internet 
connection speeds of 100 Mbps to 50% or more of European households. This 
goal is equivalent to providing half of the households in each European country 

with internet connection speeds of 100 Mbps. Given that 2 15P Py A  represents 

the internet connection speed of 1000Mbps, the respective speed of 100Mbps is 
given by:  

 ' 2 '1
1.5

10

P P

i iy y y A    (15) 

According to Eq. (7), the unregulated monopolist is willing to provide this internet 
connection speed to a particular geographic area. This area is derived by 

equating Eqs. (7) and (14) and solving with respect to ix . Since the derived level 
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of ix  is a function of  , table 2 provides the geographic area in which the 

installed NGA network will provide internet speeds of 100Mbps ( '

max

Mx ) as well as 

the respective socially optimal geographic NGA coverage. 

 

Table 2 (for 10A  ) 

  '

max

Mx  
max

SWx  

0.8 1.00978 1.37180 

0.9 0.98188 1.32505 

1 0,95772 1,28483 

1.1 0,93649 1,24970 

1.2 0,91760 1,21863 

1.3 0.90064 1.19087 

1.4 0.88528 1.16585 

1.5 0.87125 1.14312 

1.6 0.85838 1.12235 

1.7 0.84649 1.10326 

 

Table 2 reveals that the monopolist invests in the provision of internet connection 
speeds of above 100 Mbps only when the demand for the NGA-based services is 

extremely elastic (i.e. (0.75,0.833]   since [1, ]ix n ). However, in order to 

assess whether the derived values of '

max

Mx   represent the 50% of the national 

households, we should first define the total number of the households of a given 

country. Once again, we use as a point of reference the critical value ̂   which 

corresponds to the provision of 30 Mbps to all households under the socially 
optimal investment in coverage as presented by the second column of the above 

table. It is obvious that regardless of the particular value of ˆ 0.8 , the provision 

of internet connection speeds of 100 Mbps is much less than 50% of the total 

households. The reason is that the ratio of ( '

max 1Mx  ) to any value of 
max( 1)SWx   is 

lower than 50%.5 Therefore, the second objective of the Digital Agenda for 
Europe is not a feasible goal.   

 

4. Conclusions 

The goal of this paper was to study the incentives of an unregulated monopolist 
to undertake the socially optimal investment in NGA networks when it takes into 
account the fact that the NGA deployment is a two-dimensional investment 
decision. In particular, the investor has to decide the quality of the NGA network 
and the geographic coverage of the NGA network. For this reason, a suitable 
modeling setup was used in order to reflect the fact that as an investment in 
quality upgrade extended to less densely populated (i.e. more rural) areas, not 
only it has a declining positive impact on the consumers‘ willingness to pay, but 
also becomes marginally more expensive. This paper highlighted the expected 

                                                            
5
 This result holds under the assumption that the household density in each geographic area 

follows the same distribution as the population density. 
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result that the investor is better off by deploying a geographically differentiated 
NGA network (i.e. by installing a different quality NGA network in each 
geographic area).  

The main result of this paper was that although a geographically differentiated 
NGA investment provides the unregulated monopolist with incentives to install a 
nationwide NGA deployment, the monopolist underinvests compared to the 
socially optimal levels of both quality and geographic coverage. However, the 
fibre deployment in the less densely populated areas was found to be rather 
insignificant, and hence, certain assumptions were made in order to make the 
derived results comparable to the Europe 2020 Strategy which envisions that, by 
2020: (i) all Europeans will have access to much higher internet speeds of above 
30 Mbps; and (ii) 50% or more of European households will subscribe to internet 
connections above 100 Mbps. It was shown that the former objective is feasible 
when the demand for NGA-based services is significantly elastic, whereas the 
latter is not a feasible goal. 

Our framework is suitable to be extended in many different directions. Firstly, the 
focus of regulators is continuously shifting from the regulation of the retail market 
to the regulation of the wholesale market, and hence, the introduction of 
competition between an investor and an access seeker will certainly highlight the 
role of access regulation in encouraging NGA investments and promoting 
competition. Secondly, it is reasonable to expect that a geographically 
differentiated NGA deployment calls for geographically differentiated access 
remedies. Therefore, the modeling approach of Bourreau, Cambini and Hoernig 
(2013) which studies the impact of differentiated wholesale access schemes on 
coverage and welfare should be combined with the modeling setup of this paper 
in order to conclude about the optimal pricing scheme that leads to the socially 
optimal geographically differentiated NGA deployment. A last interesting 
extension concerns the introduction of some dynamics in our setting since the 
most significant factors that affect the NGA deployment change over time. In this 
case, particular focus should be given on the impact of regulatory uncertainty on 
investment incentives. The reason is that variations in the demand and cost 
conditions may require regulatory remedies that change over time which, in turn, 
increase the risk of an ex ante NGA deployment.  
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APPENDIX B 

The research towards the completion of this thesis led to the publication of six 
original articles that are not at the centre of the literature studying the optimal 
regulatory intervention in each migration phase during the evolution of the 
telecommunications networks. Appendix B quotes these articles as they have 
been originally published in refereed international journals or including in the 
proceedings of refereed international conferences.  
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Abstract 

The two most significant factors that affect the deployment of Next Generation 
Access (NGA) networks are the cost of the investment and the expected demand 
for the new fibre-based services. The related literature is based on very simplified 
assumptions regarding cost and demand structures. 

In particular, the investment cost is assumed to be increasing and convex 
reflecting the fact that fibre deployment becomes marginally more expensive as it 
is extended to rural, less populated areas. In addition, the demand for the new 
fibre-based services is estimated by assuming that a certain level of NGA 
investment leads all consumers to equally increase their willingness to pay for 
such services. 

This article contributes to the emerging research on the investment in access 
infrastructures. In particular, the assumptions about cost and demand structures 
are modified in order to capture the access networks‘ underlying morphology 
complexity and the consumers‘ socioeconomic characteristics, respectively. 
Firstly, an empirical analysis is conducted for the 100 major municipal 
departments from urban to rural in Greece. Their street network data are 
analyzed as the basis of the NGA installation combining GIS technology and 
Graph Theory techniques and hence the main cost-drivers are derived. Using 
regression analysis a real-data-based cost function is obtained. Secondly, a novel 
model that takes into account socioeconomic characteristics affecting the impact 
of a certain level of NGA investment on consumers‘ willingness to pay is 
developed. The Pareto consumer distribution is used to reflect the greater (lower) 
positive impact of NGA investments on the willingness to pay of the consumers 
who live in more (less) populated areas. 

The comparison of the existing models with the ones developed in this paper 
shows that: (i) the cost function used in the existing models always 
underestimates the investment cost of the higher populated areas and 
overestimates the investment cost of the lower populated areas; (ii) the demand 
for the new fibre-based services is higher under the proposed than the existing 
approach; and (iii) the level of NGA investment chosen by the investor is always 
much higher under the proposed than the existing approach. 
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1. Introduction 

During the last decade, the number of internet users, as well as, the capacity they 
demand have increased dramatically. As a result, the increasing transmitted 
volume of data made the traditional access copper networks incapable of 
providing end-users with the demanded bandwidth. On the contrary, access 
networks based on optical fibre are the only future proof solution capable to 
handle the future demands (Shumate, 2008), since the transmission capabilities 
of fibre are theoretically unlimited providing high data rates, low loss and low 
distortion. Such fibre-based access networks are widely known as Next 
Generation Access (NGA) networks. According to European Commission ―NGA 
networks mean wired access networks which consist wholly or in part of optical 
elements and which are capable of delivering broadband access services with 
enhanced characteristics (such as higher throughput) as compared to those 
provided over already existing copper networks. In most cases NGA networks are 
the result of an upgrade of an already existing copper or coaxial access network‖ 
(EC, 2010a). 

However, not only technical reasons but also economic ones make the need for 
investments in NGA networks imperative. In particular, it is found that  
investments in broadband infrastructure have an undisputable positive effect on 
economic growth and broadband diffusion (Czernich, Falck, Kretschmer and 
Woessmann, 2011; Katz, Vaterlaus, Zenhäusern and Suter, 2010; Reynolds, 
2009). These results partially interpret why national governments rank among 
their top priorities the encouragement of investments in NGA networks. The US 
government‘s National Broadband Plan (FCC, 2010) and the European 
Commission‘s Digital Agenda for Europe (EC, 2010b) are examples of these 
perceived political priorities for the diffusion of broadband infrastructure access 
and services. According to EC (2010a): 

“The EU single market for electronic communications services, and in particular 
the development of very high-speed broadband services, is key to creating 
economic growth and achieving the goals of the Europe 2020 strategy. The 
fundamental role of telecommunications and broadband deployment in terms of 
EU investment, job creation and overall economic recovery was notably 
highlighted by the European Council in the conclusions of its March 2009 
meeting.” 

It can be thus concluded that very high-speed broadband services are widely 
accepted as strategically important not only because of their ability to accelerate 
the contribution of information and communications technology (ICT) to economic 
growth(Teppayayon and Bohlin, 2010), but also because network investments 
are potentially important targets of public investment during downturns as a way 
to increase demand and employment (Reynolds, 2009). 

However, service providers are still reluctant to invest in NGA networks mainly 
due to the high investment cost and the ambiguity about the expected demand for 
the new fibre-based services. There are several theoretical economic approaches 
that aim to model the cost structure of investing in NGA networks, as well as, the 
impact of such investments on the future demand for the new fibre-based 
services. Most of these approaches assume that the investment cost is 
increasing and convex reflecting the fact that fibre deployment becomes 
marginally more expensive as it is extended to rural, less populated areas 
(Nitsche and Wiethaus, 2011; Foros, 2004). In addition, they also assume that 
the demand for the new fibre-based services is not affected by the relationship 
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between the valuation that the consumers place to such services and their 
location (i.e. the population-affected type of the area they live in). Although these 
assumptions are useful for practical reasons; they fail to take into account the 
access networks‘ underlying morphology complexity and the consumers‘ 
socioeconomic characteristics, respectively.  

This paper contributes to the emerging research on the investment in NGA 
networks by modifying the existing cost and demand structure assumptions in 
order to capture the access networks‘ underlying morphology complexity and the 
consumers‘ socioeconomic characteristics, respectively. Firstly, an empirical cost 
analysis is conducted for the 100 major municipal departments from urban to rural 
in Greece. Their street network data are analyzed as the basis of the NGA 
installation combining GIS technology and Graph Theory techniques and hence 
the main cost-drivers are derived. Using regression analysis a real-data-based 
cost function is obtained. Secondly, a novel model that takes into account 
socioeconomic characteristics affecting the impact of a certain level of NGA 
investment on consumers‘ willingness to pay is developed. The Pareto consumer 
distribution is used to reflect the greater (lower) positive impact of NGA 
investments on the willingness to pay of the consumers who live in more (less) 
populated areas. 

The comparison of the existing models with the ones developed in this paper 
shows that: (i) the cost function used in the existing models always 
underestimates the investment cost of the higher populated areas and 
overestimates the investment cost of the lower populated areas; (ii) the demand 
for the new fibre-based services is higher under the proposed than the existing 
approach; and (iii) the level of NGA investment chosen by the investor is always 
much higher under the proposed than the existing approach. 

The rest of the paper is as follows. In Section 2, the existing approach in terms of 
cost and demand functions is reviewed. Section 3 proposes a new approach to 
estimate the cost of deploying an NGA network based on real cost data from 
Greece and modifies the widely used demand model with network externalities in 
order to capture the fact that consumers who place a higher (lower) valuation to 
broadband subscription tend to live in higher (lower) populated areas. Section 4 
compares the results of the two approaches in terms of the optimal investment 
level for the investor and the subsequent levels of subscribers, investment costs, 
revenues and profits. The last section summarizes the main results of this article 
and proposes the directions for future work. 

 

2. Existing approach  

This section provides the existing cost and demand functions that are widely used 
in the literature of NGA investments in order to estimate the investment level that 
maximizes the investor‘s profits.  

 

2.1 Existing cost models 

Currently, most telecom operators are reluctant to significantly upgrade their 
telecommunication access network due to the high investment cost. Upgrade to 
NGA networks is generally perceived as the Fibre to the Curb (FTTC), Fibre to 
the Building (FTTB) and, of course, Fibre to the Home (FTTH) which is the 
ultimate and most future-proof access solution. To make any profound decisions 
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on replacing some or all copper cable with optical fibre, a reasonably accurate 
cost model is needed, with enough detail on differences between deployments in 
different regions. 

The related literature on telecommunications investments (Nitsche and Wiethaus, 
2011; Foros, 2004) is based on very simplified assumptions regarding the cost 
structure. The investor in the abovementioned approaches determines the extent 

of NGA deployment, R . The investment level is considered continuous and a 

larger R  reflects a larger geographic coverage within a given market area (e.g. 
fibre to the outskirts rather than to the city centre, or to less populated cities). The 
NGA deployment is assumed to require investments of the following quadratic 
form: 

2

2

φR
C(R)=    (1) 

where φ  is an investment cost parameter. The convex form accounts for the 

assumption that deploying an NGA network becomes more expensive as the 

rollout is extended to rural, less populated areas indicated by a higher R .  

In the case of investing in NGA networks in a nationwide level, R  can be seen as 

continuous in  1,
max

R  implying that  = 1R  corresponds to the highest populated 

area and  =
max

R R
 
corresponds to the lowest populated area. Therefore, the 

whole areas within a country have been ranked in a decreasing order according 
to their population. 

 

2.2 Existing demand models 

There are many economic models that aim to estimate the demand for a good. 
Most of them base their analysis on the market structure of the industry in order 
to derive the demanded quantity. Examples of such models are those proposed 
by Cournot, Bertrand, Stackelberg, etc. These models are widely used in 
conventional markets in which there is a negative relationship between the 
demanded quantity for a good and its price. However, network markets, such as 
telecommunications, computers, electricity and railroads, present an innate 
characteristic that make them differ from conventional markets. In particular, the 
utility which a given user derives from the network good depends upon the 
number of other users who are in the same network. According to Katz and 
Shapiro (1985), this fact implies a positive consumption externality, which is 
widely known in the literature as network externality or network effect.1 
Economides (1996) points out that this fact seems quite counterintuitive since it 
goes against the downward-sloping market demand. Thus, he proposes that a 
positive consumption externality signifies the fact that the value of a unit of the 
good increases with the expected number of units to be sold. In this case, the 
demand slopes downward but shifts upward with increases in the number of units 
expected to be sold. Therefore, when expectations are fulfilled, the derived 
demand curve for a network good is concave. 

                                                            
1
  Some authors distinguish between direct and indirect network externalities. For a discussion on 

this issue see Economides (1996), Katz & Shapiro (1985), Page and Lopatka (1999) and Shy 
(2011). 
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Based on these observations, Shy (2011) models the demand for a network 
good. In particular, he assumes that potential subscribers can be indexed in a 
decreasing order according to the valuation (or utility) that they place on the 
network good. In particular, potential consumers are indexed by x , [0,1]x , 

where consumers that are indexed by low values of x  value the subscription 

highly, whereas consumers that are indexed by x  close to 1 place a low valuation 

on this service. Therefore, the variation in their willingness to pay for the network 
good forms a continuum of types of consumers. The (expected) utility of a 
potential subscriber indexed by x  is given by: 

e

x

(1- βx)αq - p,  if  the consumer subscribes
U =

0,  if  the consumer does not subscribe





 (2) 

where p  denotes the subscription fee, eq  the expected total number of 

subscribers and > 0β  captures the degree of consumer heterogeneity with 

respect to consumers‘ benefit from this service. The parameter > 0α  measures 

the intensity of network effects. Higher values of α indicate that consumers place 

higher value on the ability to communicate with the eq subscribers, whereas α = 0  

implies that there are no network effects. 

A further assumption made by Shy (2011) is that the potential consumers are 
distributed uniformly in [0,1]. The uniform distribution of the consumers implies 
that in each type has been assigned a fixed number of potential consumers. 
Therefore the market demand is derived by multiplying the number of types 
whose utility is positive (i.e. buy the product or subscribe) with the fixed number 
of consumers of each type. For example, let there be N  potential subscribers of 

each type x , [0,1]x . Then, for a given subscription fee p , there is a consumer 

of type 0 1x(p)   who is indifferent between subscribing and not subscribing. 

Assuming perfect foresight, the total number of expected subscribers (or the 

demand for the network good) is = ( )
e

Nx pqu
.   

However, in order to make investment costs and revenues comparable, we 
should transform the consumer type indexed by x , [0,1]x  into the range 

 1,
max

R . This implies that each consumer type x  corresponds to a given 

geographic area R . Lower values of R  imply that the consumer who lives in this 

area place a higher valuation to the network good. For this purpose, the 

normalization method with transformation min

max min

R - R
x =

R - R
 is used. The notation R  

stands for the original dissimilarity and x  for the normalized dissimilarity. Hence, 

the dissimilarity index R  (respectively, x ) lies between 1 and max
R  (respectively, 

0 and 1). Applying the above normalization method yields the original dissimilarity 
as a function of the corresponding normalized dissimilarity: 

   max max
R = x R - 1 +1 , with R  1, R    (3) 

Equation 3 shows that R  is continuous in  1,
max

R . In addition, = 0x  corresponds 

to = 1R  and = 1x  to max
R . This implies that the number of the potential 

consumers is maxNR , whereas the utility function of Shy (2001) becomes 
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max max max
U = (R - β(x(R - 1)+1))αN(x(R - 1)+1)- px . Then, solving for x  yields the 

indifferent consumer: 

 

 


2

max maxU
L,H

max

αNR - 2αβN αNR  - 4αβNp
=x

2αβN R - 1
 

 

(4) 

 

Therefore, the expected number of potential subscribers is given by: 

 

 

    
    
  

2

max maxU

maxL,H

max

αNR - 2αβN αNR  - 4αβNp
= N (R - 1)+1  q

2αβN R - 1
 

 

(5) 

 

Since there exist two indifferent consumers between subscribing and not 
subscribing, there also exist two consumer equilibria. At every given price p , 

either a low or a high demand level would be realized according to consumers‘ 
expectations for the demand level. If all consumers correctly anticipate low 

demand, only those who value this service highly ( L0
U

 x x ) will subscribe. If all 

consumers anticipate high demand, the gain from a larger anticipated network will 

also induce consumers with lower valuations ( L H
U U xx x ) to subscribe. Note that 

U

L
q  is an unstable equilibrium in the sense that a small increase in the number of 

subscribers would induce 
U

H
q  consumers to subscribe. Therefore, the demand 

(number of subscribers) for the network good is given by:  

 

 

2

max maxU

maxH

max

αNR - 2αβN + αNR  - 4αβNp
= N (R - 1)+1  q

2αβN R - 1

  
  
    
  

 

 

(6) 

 

It should be noted that, in existing markets, max
R  denotes the urban administrative 

divisions, i.e. municipal department (MD), of a country in which the consumers 
that place the lowest valuation on the new fibre-based services live. However, in 
the case of the NGA investments, this municipal department may not be covered 
by the investor. This implies that when a potential subscriber to the NGA services 
makes its decision to subscribe or not, s/he takes into account the expected 
number of subscribers to the NGA services rather than the whole population in a 

given country. Therefore, max
R  should be replaced by inv

R which denotes the 

municipal department of a country that it is covered by the investor and in which 
the consumers that place the lowest valuation on the new fibre-based services 

live. In other words, inv
R  denotes the optimal investment level chosen by an 

investor in NGA networks. Therefore, the investor maximizes the following 

equation with respect to inv
R . 

inv 

2
UU

H

φR
= P -q

2
 

 

 

 
inv

  
  

     
  

2
2

inv invU
αNR - 2αβN + αNR  - 4αβNp φR

= PN +1  -
2αβN 2

 

 

(7) 
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3. The proposed approach 

This section provides a more realistic approach concerning the development of 
NGA networks. In particular, the proposed cost and demand functions depart 
from the existing ones since the proposed model captures the access networks‘ 
underlying morphology complexity and the consumers‘ socioeconomic 
characteristics. 

 

3.1 Proposed NGA investment cost  

In this case, an empirical cost analysis conducted on a nationwide NGA network 
provides insights on the cost form, so that the validity and the accuracy of the 
conventional cost form may later be explored. 

An approach is presented in this section for getting a clear estimate of expenses 
for an NGA rollout, particularly the most future-proof access solution of FTTH 
deployment, as the investment level increases from areas with large number of 
households (HH) to areas with small number of households. Calculations are 
made for the main cost-drivers using real street network data as the basis of a 
fixed NGA installation combining GIS technology and Graph Theory techniques. 

For simplicity, the focus in this study is on the most important expenses that are 
the outside plant (OSP) capital expenditures (CAPEX). Earlier studies (Colle et 
al., 2008) indeed indicate that the major part of the total investment in a 
telecommunication access network is the capital investment made in the lower 
part of the network that connects a subscriber by a physical link to its 
corresponding Central Office (CO) via intermediate network components. 
Possible expenses on the active equipment or the regional/national/global 
backbone are not considered here. 

 

The architecture 

The considered FTTH architecture is presented in Figure 1. The model consists 
of a CO where all the optical line terminals are located, the feeder part of the 
network connecting the CO with flexibility points (FP), and the distribution part 
from FP to the end-users. The FP (or splitting point or cabinet) plays a 
concentration role, allowing the merging of customer cables. There are two 
popular technologies used with FTTH. The Point to Point (P2P) technology which 
uses all active components throughout the chain and Point to Multi-Point (P2M) / 
Passive Optical Network (PON) technology which uses passive optical splitters at 
the aggregation layer. For the purposes of this study the PON technology has 
been envisaged since it has been proven that P2P technology requires a rather 
costly infrastructure (Chatzi and Tomkos, 2011).Gigabit-capable Passive Optical 
Networks (GPON) are standardized by ITU-T under the family of 
recommendations G.984 (ITU-T, 2009) and are already in use in several 
countries. Here, the deployment of GPON FTTH is considered with a centralized 
1:128 splitting ratio. This means that per group of 256 customers covered by 
each FP, only 2 fibres are needed for the FP-CO feeder part connection. Each 
CO is assumed to cover up to 100.000 households. 

Also, a greenfield deployment is assumed and no existing infrastructure is taken 
into account. The installation closely follows one street with the cable located at 
the middle of the street and connects all households along the street. Of course, 
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savings are possible if part of the network can be installed by means of aerial 
deployment, e.g. in areas with small number of households. 

 

 

Figure 1. FTTH access network architecture 

The regarded elements for the calculation of the total OSP CAPEX are the 
trenches, the ducts, the fibre cables, the splitters, the manholes, and the Y-
branches. The individual components‘ costs were taken from (Chatzi and 
Tomkos, 2011). Any effects of changes in these prices to the total cost falls 
beyond the scope of this paper. The estimation of the volume of the material 
needed is described later on. 

The use of geometric models is very often in techno-economics for analyzing the 
deployment area and estimating the OSP cost (Casier, 2009). Typically, these 
geometric abstractions of the installation region assume a regular grid-like 
structure where all lines have equal length and the same number of junctions. 
However, they cannot capture the complex details of the underlying urban street 
network in order to accurately estimate the key quantities for a cost evaluation of 
a fixed access network. In fixed access networks the cables run in trenches that 
use the road system as a natural guide to reach the customers. Access network 
nodes as well as connections strongly depend on the actual geography of the 
underlying urban street network and this has been proven to have a significant 
impact on the key quantities for estimating the deployment cost (Mitcsenkov et 
al., 2010; Maniadakis and Varoutas, 2012). For this reason a recently presented 
methodology (Maniadakis and Varoutas, 2012) that uses real GIS data is 
extended and applied for the cost analysis. 

In this paper the 100 major MDs in Greece are selected in order to calculate and 
observe the form of the cumulative cost as the investment continues from the 
most populated down to the lowest populated MD in terms of households. The 
data are obtained from the collaborative project OpenStreetMap 
(OpenStreetMap, 2012) (GIS vector map) and the Hellenic Statistical Authority 
(Hellenic Statistical Authority, 2001) (number of HH, number of buildings, km2 of 
area). The constructed dataset consists of 100 1-square-kilometer samples of 
street networks selected from the abovementioned municipal departments. Their 
data are imported in a GIS environment and are turned into spatial, weighted, 
undirected graphs using the Primal approach.  
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Figure 2. In the left it is the street network of the district sample of MD Nea Smirni, while to the right is the 
corresponding Primal graph split into square serving zones with buildings placed equidistant and FPs placed 

in the optimal locations 

 
Methodology and results 

Street networks are spatial, which is a special class of complex networks whose 
nodes are embedded in a two (or three) dimensional Euclidean space and whose 
edges do not define relations in an abstract space, but are real physical 
connections (Cardillo et al., 2006). Such a street network can be represented as 
a graph, which consists of a finite set of nodes and a finite set of edges. The 
graph nodes have precise position on the planar map, while the links follow the 
footprints of real streets and are associated a set of real positive numbers 
representing the street lengths. 

A sample urban area is chosen and GIS data are collected without further GIS 
processing or analysis. The GIS data are then transformed to a spatial, weighted, 
undirected graph using the Primal approach (Porta et al., 2006) where 
intersections are turned into nodes and streets into edges, as shown in Figure 2. 
Depending on the number of buildings in the area, a new spatial network is made 
as an extension of the street network, with new nodes placed equidistance from 
neighbor nodes (inter building spacing - IBS) along the existing edges, so that the 
total number of nodes is equal to the number of buildings. In addition, depending 
on the number of HH in the area, a number of FPs is assigned at optimal 
locations applying the Closeness Centrality method. Each FP can serve a 
maximum number of households, e.g. 256, thus the total number of households is 
divided to this number to produce the required FPs. Then, the considered area 
needs to be split into serving zones, for example squares of equal size in order to 
serve approximately the same number of buildings/households. Each FP is 
associated with a serving zone such that the inscribed subnetwork that gathers all 
fibre lines between the FP and the subscribers displays a star structure that 
follows the underlying street network. The network can retain information in the 
edge weights, such as the trenching length, the size of the duct, the fibre length, 
etc. Then, the volume of the various network components may be computed with 
simple calculations on the graph weights, as described in (Maniadakis and 
Varoutas, 2012). 

The cost is calculated for each 1-square-kilometer sample and then a cost/HH 
can be derived if the cost is divided with the number of HH in the sample, as 
shown in Figure 3 for the case of Greece. All costs are estimated for a project 
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horizon of 20 years. The cost/HH per year is estimated to vary from 2,25€ to 
265€. 

 

Figure 3. Cost per HH per year for the major MDs (sorted in number of HH) of Greece 

The present study focuses on the 100 most populated MDs in terms of HH that 
vary from 301.566 HH to 5.953 HH and HH density that varies from 9.464 HH/km2 
to 24 HH/km2. However, the vast majority of these MDs belongs to the high-
dense HH MDs, as 67 out of 100 belong to the top-100 most densely populated 
MDs in HH. Thus, this means that either the investment grows from largest to 
lowest MD in terms of number of HH as described here, or from largest to lowest 
MD in terms of HH density, the cost results are similarly distributed. In total, the 
100 MDs under investigation cover 2.089.992 HH or 57% of all HH in Greece. 

Multiplying the above estimated cost per HH with the corresponding MD ‘s 
number of HH gives the cost per MD. Its cumulative distribution is depicted in 
Figure 4.  

 

Figure 4. The cumulative cost per year for the major MDs (sorted in number of HH) of Greece 

It is now convenient to derive the cost function that describes NGA investment as 
the investment level moves on greater level, covering less populated areas. 
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Using regression analysis on the real cost data, the derived NGA investment cost 
function is given by: 

invinv invC( )= 920,03 +1741972R RR  (8) 

 

3.2 Proposed NGA demand  

Although the uniformity assumption is convenient for deriving analytical results, it 
has been fiercely criticized in the literature. The reason is that uniform consumer 
distribution may not be highly satisfactory in representing actual consumer 
distributions in many markets (Ansari, Economides and Ghosh, 1994) and hence 
it is more realistic to assume non-uniform consumer distributions (Anderson, 
Goeree and Ramer, 1997).  

Indeed, in many network markets, such as telecommunications, the valuation that 
the consumers place to the network good is significantly affected by their location 
(i.e. the population-affected type of the area they live in). The related literature 
studies the determinants of broadband availability, adoption and usage 
depending on location. For example, Flamm and Chaudhuri (2007) find a positive 
urban and suburban role in stimulating both dialup and broadband adoption. They 
attribute this result to social characteristics that make the internet and broadband 
use more attractive to urban and suburb dwellers than to rural folk. A more 
conclusive study that includes the main results of the related literature is Preston, 
Cawley and Metykova (2007) which analyze the status of broadband in rural 
areas in the EU. They look at availability, adoption and use of broadband, taking 
a policy perspective drawing from the results of the BEACON research, which 
provides an analysis of the broadband situation in each of the 25 EU countries. 
Their main findings are: a geographic broadband divide; lower investment in 
infrastructure in rural areas; where broadband is available, lack of competition in 
infrastructure and services; the fact that the rural broadband divides go along with 
other traditional divides; the fact that rural areas suffer from declining and aging 
population; the fact that the rural dwellers tend to be slower adopters; the fact that 
the rural areas have less technical support; the circumstance that social factors 
that facilitate broadband use (such as education, profession, economic status and 
cultural practice) can be less favourable in rural communities. The main take-
away of the above studies is that consumers who place a higher (lower) valuation 
to broadband subscription tend to live in higher (lower) populated areas. 

This conclusion signifies the fact that uniform consumer distribution fails in 
representing the actual demand in telecommunications markets in which the 
consumers‘ valuation for the good varies according to the population of the 
location (area) they live in. Thus, the aim of this section is to estimate the demand 
for the new fibre-based services when the relationship between location and 
valuation for the good is taken into account. This implies that the distribution of 
the consumers to their different types is not uniform but follows a certain non-
uniform distribution that captures the fact that consumers who place a higher 
(lower) valuation to the network good tend to live in areas with higher (lower) 
population.  

A particular type of non-uniform distribution in literature that can describe the 
population allocation in urban divisions is the power law or Pareto distribution 
(Soo, 2005). This distribution, when plotted on double logarithmic axes, shows a 
remarkable linear pattern where the slope of the line is usually close to -1, 
corresponding to the well-known Zipf‘s law distribution (Zipf, 1949). This type of 
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non-uniform distribution is quite appropriate to chose since it states that a size is 
inversely proportional to its rank in a sorted order. For example, in the case of 
populations, the population size of each city in a country appears to be inversely 
proportional to the city rank. Therefore, the variation in the population of each 
area forms a continuum of areas. This fact is in full accordance with the model 
proposed by Shy (2011) and hence they can be easily compared. 

In Figure 5 there are presented the most populated municipal departments of 
Greece in terms of households. Specifically, there are included MDs until 100 HH 
(3679 MDs in total). Their HH-Rank distribution fits a power law (R2>0,99) with a 
power law exponent near -1, indicating a Zipf distribution. 

 

Figure 5. HH distribution is a Zipf distribution; the case of Greece (2001) 

As mentioned by Kyriakidou, Michalakelis and Varoutas (2011), Zipf‘s law can be 
described by the following equation: 

Constant C
Rank x Population = Constant Population =   pop(R)=

Rank R
   (9) 

Let rank the MDs according to their HH number in a decreasing order. Then, 

min
R = 1  denotes the area with the highest population and max

R = R  denotes the 

area with the lowest population. Figure 6 plots the non-uniform distribution of 
consumers according to their willingness to pay.  
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Figure 6. Non-uniform distribution of consumers according to their willingness to pay 

Figure 6 reflects the fact that consumers with high willingness to pay live in areas 
with high population. However, the distribution of consumers according to their 
willingness to pay (or equivalently the rank of the areas they live in) is not 
uniform, but follows the Zipf‘s law. Therefore, the maximum number of potential 
consumers is represented by the shaded region of the above figure, which is 
given by:  

   
max max

max
R R Rmax

max1
1 1

C
= pop R dR = dR =   C ln R  = Cln Rq

R


    n u
     (10) 

Similar to Shy (2011), only those types of consumers whose valuation for the 
network good is positive buy the good or subscribe. Therefore, for a given 

subscription fee p , there is a consumer of type  0    1 x p  who is indifferent 

between subscribing and not subscribing. This indifferent consumer is affected by 
the expected total number of subscribers which is given by: 

 
max max

max
x(R -1)+1 x(R -1)+1

x(R -1)+1e

n-u 1
1 1

C
= pop R dR = dR = C ln R  q

R
       

 e

maxn-u
= Cln x(R - 1)+1q  (11) 

Substituting Eq. (11) into Eq. (2) and using Eq. (3) gives the (expected) utility of a 
potential subscriber indexed by [0,1]x  when the distribution of consumers 

according to their willingness to pay follows the Zipf‘s law: 

max max max(R - β(x(R - 1)+1))αCln(x(R - 1)+1) - p,  if  the consumer subscribes
V =x

0,  if  the consumer does not subscribe





 

 

(12) 

 

Solving Eq. (12) with respect to x  yields the indifferent consumer: 
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max
V
L,H

max

αCR - αβC .  
=x

2αβC R - 1
 

 

(13) 

 

where 

     
2 2 2 2

max max
. = αβC + αCR  - 2α βC R - 4pαβC  

 

(14) 

Then, by substituting Eq. (13) into Eq. (11), the expected number of potential 
subscribers is derived: 

  
 
  
 

max
V

L,H

αCR - αβC .  
= Cln +1q

2αβC
     (15) 

Once again, it is proven that 
V

L
q  is an unstable equilibrium in the sense that a 

small increase in the number of subscribers would induce 
V

H
q  consumers to 

subscribe. Therefore, the demand (number of subscribers) for the network good 
is given by:  

  
 
  
 

max
V

H

αCR - αβC + .  
= Cln +1q

2αβC
 

 

(16) 

 

which is represented by the shaded region in Figure 7.  
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Figure 7.  Demand with non-uniform consumer distribution 

As in the case of the existing approach, maxR  should be replaced by inv
R  in order 

to capture the fact that a potential subscriber to the NGA services makes its 
decision to subscribe or not based on the expected number of subscribers to the 
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NGA services rather than the whole population in a given country. Therefore, the 

investor maximizes the following equation with respect to 
inv

R . 

inv 
VV 2

invH
= P - 920,03 +174197Rq R  

 

 

 
( )inv

 
 


  
 

invV 2

inv

αCR - αβC + .  
= PCln +1  - 920,03 +174197RR

2αβC
 

 

(17) 

 

where 

     
2 2 2 2

inv inv
. = αβC + αCR  - 2α βC R - 4pαβC  

 

(18) 

 

4. Comparison of the two approaches 

This section compares the outcomes of the two approaches in terms of the 

optimal investment level ( inv
i

R ) and the subsequent levels of subscribers (
i

H
q ), 

investment costs ( inv
i

C ), revenues ( i
R ) and profits ( i

Π ), where the superscript 

i =U,V  stand for the existing and the proposed approach, respectively. The main 

part of the analysis that follows is conducted via numerical simulations due to the 

complexity of closed-form solutions for the endogenous variable inv
R  in Eqs. (7) 

and (17). The optimal investment levels for the investor under both approaches 
are derived for 9 different scenarios concerning different values of the 
independent parameters β  and φ . These parameters are chosen because the 

sensitivity analysis conducted showed that β  and φ  have the more powerful 

impact on total profits. In order to define the other independent parameters actual 
data from Greece are used. In particular, C = 400000  denotes the most populated 

municipal department in Greece (see Figure 5) and P = 480  denotes the annual 

average price per household. In addition, the level of α  is chosen arbitrarily to 1 

since sensitivity analysis shows that α  does not significantly affect the final 

results.  

A very significant observation is that the total number of HH is the same either if 
they are uniformly or non-uniformly distributed to the different municipal 
departments. In the former case the total number of HH is maxNR , whereas in the 

latter case the total number of HH is  max
Cln R . Equating the two populations and 

solving with respect to N  gives the fixed number of HH assigned by Shy (2001) to 

each municipal department: 

 max

max

ln R
N = C

R
      (19) 

In the case of Greece, 6122
max

R  since there are 6122 municipal departments. 

Therefore, Shy (2001) assigns 570 HH to every of 6122 municipal departments. 
The final results can be summarized in Tables 1 and 2.  

 

 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 204 

Table 1 

  
inv
U

R  inv
V

R  
U
Hx  

V
Hx  

U

H
q  

V

H
q  

β = 1,00  φ= 5.000  54,70 279,14 0,99 0,99 31.160 2.252.684 

β = 1,00  φ= 10.000  27,37 279,14 0,99 0,99 15.580 2.252.684 

β = 1,00  φ= 15.000  18,27 279,14 0,99 0,99 10.387 2.252.684 

β = 1,45  φ= 5.000  37,75 279,14 0,68 0,68 14.821 2.252.684 

β = 1,45  φ= 10.000  18,92 279,14 0,67 0,68 7.140 2.252.684 

β = 1,45  φ= 15.000  12,67 279,14 0,66 0,68 4.940 2.252.684 

β = 1,90  φ= 5.000  28,84 279,14 0,51 0,52 8.632 2.252.684 

β = 1,90  φ= 10.000  14,50 279,14 0,49 0,52 4.316 2.252.684 

β = 1,90  φ= 15.000  9,76 279,14 0,46 0,52 2.878 2.252.684 

 

Table 2 

  
inv
U

C  inv
V

C  
U

R  
V

R  
U

Π  
V

Π  

β = 1,00  φ= 5.000  7.482.694 120.312.585 14.956.961 1.081.288.267 7.474.267 960.975.682 

β = 1,00  φ= 10.000  3.747.679 120.312.585 7.478.489 1.081.288.267 3.730.810 960.975.682 

β = 1,00  φ= 15.000  2.505.512 120.312.585 4.985.685 1.081.288.267 2.480.173 960.975.682 

β = 1,45  φ= 5.000  3.563.062 120.312.585 7.113.898 1.009.948.067 3.550.836 889.635.482 

β = 1,45  φ= 10.000  1.790.753 120.312.585 3.556.988 1.009.948.067 1.766.235 889.635.482 

β = 1,45  φ= 15.000  1.204.186 120.312.585 2.371.439 1.009.948.067 1.167.253 889.635.482 

β = 1,90  φ= 5.000  2.079.628 120.312.585 4.143.218 958.052.323 2.063.590 837.739.738 

β = 1,90  φ= 10.000  1.051.994 120.312.585 2.071.725 958.052.323 1.019.731 837.739.738 

β = 1,90  φ= 15.000  715.171 120.312.585 1.381.484 958.052.323 666.313 837.739.738 

 

The values of β  are chosen in order to ensure that 0 1x(p)  , whereas  the 

values of φ  represent three different scenarios concerning the relationship 

between the investment cost function given by Eq. (1) and the real-cost-data-
based investment cost function given by Eq. (8). Figure 8 shows that regardless 
of the particular value of φ , Eq. (1) always underestimates the investment cost of 

the higher populated MDs and overestimates the investment cost of the lower 
populated MDs. In particular, the lower the value of φ , the more underestimated 

(overestimated) the investment cost of the higher (lower)  populated MD 
becomes. This implies that the lower the value of φ , the lower populated is the 

MD that the cost functions of Eqs. 1 and 8 result to the same deployment cost. 
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Figure 8.  Cumulative investment cost per year 

A number of observations derived by the analysis of Table 1 and 2 are instructive. 

An increase in φ  and/or β  leads inv
U

R  to decrease, whereas inv
V

R  is not affected 

by a change in φ  and/or β . The comparison between inv
U

R  and inv
V

R  shows that 

inv
V

R  is always much greater than inv
U

R . Since the indifferent subscriber is almost 

the same in both approaches, it is reasonable that the number of subscribers is 
higher under the proposed than the existing approach. This, in turn, results in 
higher revenues under the proposed than the existing approach since it is 
assumed that the price of the service is the same under both approaches. 
Concerning the deployment cost, it is shown that an increase in φ  and/or β  leads 

inv
U

C  to decrease, whereas inv
V

C  is not affected by a change in φ  and/or β . The 

comparison between inv
U

C  and inv
V

C  shows that inv
V

C  is always much greater than 

inv
U

C .  

Another very significant finding is that an increase in β  negatively affects the 

investor‘s profits under both approaches. However, the investor‘s profits under 
the proposed approach are much greater than the investor‘s profits under the 
existing approach. The main reason for this result is that the uniformity 
assumption underestimates the number of households in the most populated 
areas where the cost per household is lower. This partially interprets the 
investor‘s decision to limit its investment level under the existing approach. This, 
in turn, decreases the expected number of subscribers, which also decreases the 
actual number of subscribers.  

Therefore, the departure from the uniformity assumption allows capturing the fact 
that subscribers who place a higher valuation to broadband subscription tend to 
live in higher populated areas where the cost per household is lower. It is thus 
obvious why the proposed approach leads to much higher investment level than 
the existing approach. 

 

5. Conclusions 

The aim of this paper was twofold; firstly to investigate whether the traditional 
quadratic convex cost form is suitable for being used in NGA investments; and 
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secondly to propose a more realistic demand model. Thus, (i) an empirical cost 
analysis was conducted for a real case of NGA deployment and a real-data-based 
cost function was obtained; and (ii) the Pareto consumer distribution was used to 
reflect the greater (lower) positive impact of NGA investments on the willingness to 
pay of the consumers who live in more (less) populated areas. 

In the case of the investment cost, the existing assumption of the quadratic 
convex cost form was found inaccurate when compared with the cost estimation 
conducted for the 100 major municipal departments in terms of HH in Greece. 
The methodology used for the cost estimation took into account the underlying 
street morphology complexity that the classic approaches ignore due to the use 
of the simple geometric models. In particular, the cost function used in the 
existing models always underestimates the investment cost of the higher 
populated areas and overestimates the investment cost of the lower populated 
areas. 

Concerning the demand for the new fibre-based services, it was found that the 
existing demand models with network externalities always underestimate such 
demand since they assume uniform consumer distribution. The reason is that the 
uniformity assumption underestimates the number of households in the most 
populated areas where the cost per household is lower. Therefore, the optimal 
investment level from an investor‘s perspective is always much higher under the 
proposed approach than the traditional one. 

Although this article provided some very useful results, there are many directions 
to be extended in order to overcome its limitations. First, the derived cost 
structure is based on actual cost data from Greece and hence its robustness 
should be investigated by using cost data from other countries. Second, this 
article neglects the impact of competition on the retail price, as well as, regulatory 
issues concerning the access price that an access seeker should pay to the 
investor in order to have access to the new fibre-based infrastructure. 
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1. Introduction 

The migration from the traditional copper networks to the Next Generation Access 
(NGA) networks1  has induced a growing interest in access regulation and 
investment incentives. Given that the prospective investors in NGA networks are 
for large part the former incumbent operators (OPTA, 2010), the goal of 
regulators is to promote effective competition and encourage efficient and timely 
investments in NGA networks from the incumbents. 

However, the regulators‘ two-fold goal is related to the common trade-off between 
static and dynamic efficiencies. On the one hand, mandated access at cost-
based prices reduces the use of monopoly power over the access infrastructure 
by preventing the incumbent from foreclosing the entrant from the downstream 
(retail) market. Access regulation thus leads to sustainable service-based 
competition within one network and, hence, improves static efficiency (Valletti, 
2003; Bouckaert, van Dijk and Verboven, 2010). On the other hand, mandating 
the access at cost-based prices discourages both incumbents and potential 
entrants to invest in access infrastructures (Jorde, Sidak and Teece, 2000). 
According to Cave and Prosperetti (2001), the reason for this negative 
relationship between access regulation and incumbents‘ incentives to invest is 
that the incumbents anticipate that they will be required to offer access to their 
rivals at cost-based prices. Therefore, potential entrants, who can free-ride on the 
incumbent‘s network, will wait for the incumbent to invest in access infrastructure 
and then seek access (Valletti, 2003). The conclusion is that cost-based access 
regulation, which is limited to promote service-based competition, leads to losses 
in dynamic efficiency (Bouckaert, van Dijk and Verboven, 2010). 

Cambini and Jiang (2009) provide an excellent review of the theoretical and 
empirical literature on the relationship between broadband investment and 
regulation. They conclude that although cost-based access prices lead to the 
aforementioned regulatory trade-off, there is still an ambiguity about access 
regulation and its linkage with overall investment incentives that should be further 
investigated. In this direction, Siciliani (2010) proposes a mechanism for 
preventing regulatory failures stemming from the demand-side uncertainty. 
However, according to OPTA (2008), not only the uncertainty about future 
demand for new fibre-based services deters the incumbent from investing in NGA 
networks, but also the regulatory uncertainty related to the regulator‘s limited 
ability to make ex ante credible commitments.2 Contrary to Siciliani (2010), we 
focus on the impact of regulatory uncertainty on the NGA investment level, which 
is one of the main open telecommunications policy issues worldwide.  Since the 
regulators‘ goal is not only to encourage investments in NGA networks, but also 
to promote effective competition, the impact of regulatory uncertainty on the 
subsequent level of consumer surplus, which is used as a measure of the 
intensity of the competition in the retail market, will also be discussed.  

 

                                                            
1
 According to EU Commission (2010) Next Generation Access (NGA) networks means wired 

access networks which consist wholly or in part of optical elements and which are capable of 
delivering broadband access services with enhanced characteristics (such as higher throughput) 
as compared to those provided over already existing copper networks. In most cases NGAs are 
the result of an upgrade of an already existing copper or coaxial access network. 

2
  For an extensive review of all the factors influencing the riskiness of an NGA investment project, 

see ERG (2009), pp. 17-18, WIK (2009), pp.1-7 and EU Commission (2010), page 18. 
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2. Regulatory uncertainty: A literature review  

The related literature provides two different approaches for studying the 
relationship between access regulation and the incumbent‘s incentives to invest 
in network upgrade (e.g. in NGA networks). The first assumes that the 
incumbents decide their optimal investment level prior to the regulation of the 
access price. This implies that the regulator cannot make ex ante credible 
commitments on its future interventions and hence the incumbents invest under 
regulatory uncertainty. Based on this assumption, Foros (2004) and Katakorpi 
(2006) study the investment of an incumbent in quality anticipating that the 
regulator will set the access price to the marginal cost of providing the access 
since this policy maximizes social welfare. They conclude that cost-based access 
price provides the incumbent with disincentives to invest unless it is much more 
efficient than its rivals in the downstream market. In addition, Lewin, Williamson 
and Cave (2009) argue that a lack of clarity over how incumbents will be 
regulated, particularly in terms of price when they have significant market power 
(SMP) in NGA supply, is deterring them from investing in NGA networks.  

The second approach assumes that the regulation of the access price takes 
place prior to the incumbents‘ investment decision. According to Nitsche and 
Wiethaus (2010) and Valletti and Cambini (2005), this implies that there is no 
regulatory commitment problem. However, in fact, the regulator‘s ex ante 
commitment bears the risk of erroneous intervention. A regulator‘s commitment 
for a long regulatory period may result in either incumbents‘ inability of recouping 
their investment costs or excessive prices that harm competition. Therefore, it is 
socially not optimal for the regulator to make ex ante commitments for an 
unreasonably long regulatory period (WIK, 2009). It is obvious that short-run 
regulatory policies increase the regulatory uncertainty that the incumbents incur 
when investing in NGA networks. Therefore, in providing greater regulatory 
certainty the regulator has to make another trade-off between the positive effects 
of greater certainty on investment incentives and possible negative effects of 
erroneous intervention on welfare (OPTA, 2010).  

As a result, even if the regulator sets the access price prior to the investment 
stage, the regulatory commitment problem still exists. This implies that both 
approaches make the incumbents reluctant to invest in NGA networks because of 
the regulator‘s limited ability to commit to its future intervention. Therefore, 
potential investors are reluctant to invest in NGA networks unless they are 
reimbursed for the risk they incur when investing in such networks. Based on this 
conclusion, the European Commission (EC) issued a Recommendation on 
regulated access to NGA (EU Commission, 2010) in order to provide the National 
Regulatory Authorities (NRAs) with guidelines for encouraging efficient and timely 
investments in NGA networks from the incumbents and promoting effective 
competition. 

In particular, the EU Commission (2010) endorses the opinion of OPTA (2010) 
that “from the perspective of an investor, uncertainty is only reduced when the 
regulators discloses intended regulatory intervention before the investment is 
made”. Thus, the regulation of the access price is proposed to take place prior to 
the incumbents‘ investment decision. In addition the EC admits that regulatory 
certainty is a key factor to promote efficient investments by all operators. For this 
reason, the EC recommends calculating the access in a cost-based form that 
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incorporates a risk premium. This premium should reflect any additional and 
quantifiable investment risk incurred by the investor.3  

The aim of this paper is to assess the risk premium that reflects the regulatory 
uncertainty according to the rules proposed by the EU Commission (2010). This 
implies that the access price should be cost-based incorporating a risk premium 
for the demand uncertainty and a risk premium that reflects the regulatory 
uncertainty. Sarmento and Brandao (2007) assume an access price equal to the 
marginal cost of providing the access plus the average cost of the investment. 
Such an access pricing formula is cost-based and we can assume that the 
access markup aims at reimbursing the investor for the demand uncertainty of 
NGA investments. We also use the access pricing formula proposed by Sarmento 
and Brandao (2007) but we allow for a risk premium that reflects the regulatory 
uncertainty. 

The calculation of the regulatory risk premium is based on the comparison of the 
results obtained when the incumbent invests in network upgrade before and after 
the regulation of the access price. The first case has been already studied by 
Sarmento and Brandao (2007) who compare the impact of deregulation, cost-
based regulation and retail-minus regulation on foreclosure, investment level and 
consumer surplus when the incumbent decides its optimal investment level prior 
to the regulation of the access price. On the contrary, we reverse the timing of the 
game assumed by Sarmento and Brandao (2007) in order to compare the results 
of the two approaches and to derive the risk premium that reflects the regulatory 
uncertainty of the investments in NGA networks under cost-based access rules. 
For the rest of the paper, we will call the approach of Sarmento and Brandao as 
―the incumbent‘s approach‖ and our approach as ―the regulator‘s approach‖ since 
in the former case the incumbent acts as a leader in the market, whereas in the 
latter case the regulator acts as a leader and the incumbent as a follower.  

It should be noted that, to best of authors‘ knowledge, this is the first formal 
attempt to calculate the risk premium for the regulatory risks in a theoretical way.4 
The rest of the paper is organized as follows. Section 3 gives an outline of the 
basic assumptions and definitions of the model. Section 4 briefly recalls the 
results of Sarmento and Brandao (2007) under cost-based regulation. Section 5 
studies the impact of cost-based regulation on competition and investments 
under ―the regulator‘s approach‖, compares the results of the two approaches, 
calculates the risk premium and justifies regulatory implications. The last section 
summarizes the key findings of this paper. 

 

3. The model 

The aim of this paper is twofold. First, it aims to test the results of ―the 
incumbent‘s approach‖ under the assumption that the access price is set prior to 
the incumbent‘s investment decision. Second, based on the comparison of the 
obtained results, it aims to calculate the risk premium that reflects the regulatory 
uncertainty of an investment in NGA networks. Since the obtained results should 
be comparable with those of Sarmento and Brandao (2007), the model used in 

                                                            
3
  See EU Commission (2010), Annex I. 

4
  OPTA (2010) has calculated a fixed premium of 3,5% for regulatory risks. However, we 

consider that this is the result of a techno-economic analysis since OPTA (2008) use such an 
analysis for deriving its optimal policy for regulating NGA investments.  
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this paper is identical to the model used by Sarmento and Brandao (2007) except 
of the timing of the game. In particular: 

 The retail (downstream) market is characterized as an unregulated duopoly 
market in which the incumbent (the subsidiary firm of the upstream 
monopolist) acts as a Stackelberg leader and the entrant (the independent 
firm) act as a Stackelberg follower.  

 The quality of the input sold by the monopolist is the same whether it is sold to 
the incumbent or to the entrant. It is also assumed that the production of one 
unit of the retail service requires one unit of the upstream input (fixed 
coefficients technology).  

 The inverse demand function is given by 
1 2

1 ( )p I q q    , where p  is the 

retail market price, 
1

q  and 
2q  are the quantities supplied by the incumbent 

and the entrant respectively, I  represents the level of the NGA investment 
undertaken by the incumbent, and   represents the impact of a marginal 

change in the investment level on the retail price (ceteris paribus). It is further 
assumed that 0  , which implies that an increase in the NGA investment 

level leads to an outward parallel shift in the demand that benefits both 
retailers. 

 The NGA deployment is continuous where a larger I  reflects a fibre 
deployment closer to the consumers‘ premises. The incumbent faces a 

quadratic NGA investment cost with respect to I , given by 2( ) / 2c I I , with 

0  . The convex form reflects the fact that fibre deployment becomes 

marginally more expensive as (i) it is being laid down towards consumers‘ 
premises, and/or (ii) it is extended to rural, less densely populated areas. It is 
further assumed that the NGA investment level does not have any impact on 
the (fixed) marginal cost of providing the access denoted by c , ( 1c  ). The 

access price that the entrant should pay to the incumbent in order to have 
access to the incumbent‘s network is represented by w , assuming w c . The 

cost of all other inputs is equal for both retailers and normalized to zero. 
Therefore, the profits functions of the incumbent (firm 1) and the entrant (firm 
2) are given, respectively, by 

1 1

2

2
( ) ( ) / 2p c w cq q I                   (1) 

2 2
( )p w q                   (2) 

 The timing of the game presented by Sarmento and Brandao (2007) is as 
follows: 

 First, the incumbent decides the investment level I . 

 Secondly, the regulator chooses the access price w . 

 Finally, the retail price and outputs of the firms are defined by Stackelberg 
competition between downstream firms. 

This paper provides an alternative approach by reversing the first two stages. 
Therefore, the timing of the game presented by this paper is as follows: 

 First, the regulator chooses the access price w . 

 Secondly, the incumbent decides the investment level I . 
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 Finally, the retail price and outputs of the firms are defined by Stackelberg 
competition between downstream firms. 

The backward induction technique is used to find the equilibrium of the whole 
game. Therefore, the analysis begins with the computation of the retail price and 
the outputs of the firms. Then, using these results, the incumbent‘s optimal 
investment level is obtained. Finally, based on the previous information, the 
optimal access price is derived. 

 

4. The incumbent’s approach 

This section briefly recalls the results of Sarmento and Brandao (2007). In 
particular, each firm‘s output, total output and investment level under cost-based 
regulation are:  

1 2 2

(1 )(4 )

2(4 2 )

I c
q

  

  

  


  
               (3) 

2 2 2

(1 )(2 )

2(4 2 )

I c
q

 

  

 


  
               (4) 

2 2

(1 )(6 2 )

2(4 2 )

I c
q

  

  

  


  
               (5) 

2 2

(1 )( )

4 2

I c
I

 

  

 


  
               (6) 

Note that total output 
i

q , ( ,i I R  with I and R denote the results obtained by the 

incumbent‘s and the regulator‘s approach, respectively), is a measure of 

competition since consumer surplus (CS) is given by 
2
) / 2(CS q . This implies 

that since the demand function is linear, a larger 
i

q  leads to a larger CS.  

 

5. The regulator’s approach 

Contrary to ―the incumbent‘s approach‖, this section assumes that first the 
regulator sets the access price and then the incumbent chooses its optimal NGA 
investment level. In particular, this section initially provides the results obtained 
by an access pricing scheme that does not incorporate any risk premium (i.e. 
there is no regulatory commitment problem). Then, these results are compared 
with those obtained by ―the incumbent‘s approach‖ in order to derive the risk 
premium that compensates the incumbent for the regulatory risk it incurs. Last, it 
provides the specific conditions under which the incorporation of a risk premium 
into the access price is beneficial for the consumers. If these conditions hold, the 
incorporation of such a risk premium into the access price is the optimal 
regulatory policy. If, on the contrary, these conditions do not hold, the regulatory 
policy should tackle the trade-off between encouraging NGA investments and 
promoting competition.  
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5.1. Access pricing without risk premium 

Considering Stackelberg competition, the retail price and the output of the firms 
are the following: 

1
(1 ) / 2

R
I cq                    (7) 

2
(1 2 ) / 4

R
I w cq                    (8) 

(1 2 ) / 4P I w c                   (9) 

Substituting Eqs. (7), (8) and (9) in (1) and taking the first order condition of Eq. 
(1) with respect to I ,  gives the NGA investment level that maximizes the 
incumbent‘s profits: 

2
(1 2 3 ) / (4 )R w cI                   (10) 

Since w c  and 1c  , the numerator of Eq. (10) is positive. Therefore, in order to 

guarantee that 0I  , the following assumption is made: 

Assumption 1. Let 
2

4 0   . 

This assumption guarantees that   is relative high, which means that the slope of 

the marginal cost function of the investment is significantly steep. It should be 
noted that this approach requires a lower   than ―the incumbent‘s approach‖ in 

order to guarantee that the NGA investment level is positive. The implication is 
that since   and   are both exogenous factors, ―the regulator‘s approach‖ leads 

to a positive investment level for more combinations of   and   than ―the 

incumbent‘s approach‖. However, for the rest of the paper, the assumption made 

by Sarmento and Brandao (2007) that 
2

2 0    also holds. 

Considering the value of R
I , the retail price and the output of the firms are the 

following: 

2 2 2

1
[2 (1 ) ] / (4 )

R
c w cq                    (11) 

2 2 2

2
[ (1 ) 2 ] / (4 )

R
c w w cq                      (12) 

2 2
[ (1 ) 2 ] / (4 )P c w c                   (13) 

From Eqs. (10)-(13) it can be deduced that the NGA investment level, as well as, 
the output of the firms are affected by the access price w . This is an expected 

result since in ―the regulator‘s approach‖ the regulator moves first and then the 
incumbent decides its optimal investment level.  

Under cost-based regulation, the regulator defines the access price as the 
marginal cost of providing the access ( c ) plus a fraction ( a ) of the total 

investment cost, that is ( )R c aC Iw   , with 1a  . Like Sarmento and Brandao 

(2007), it is assumed that (1/ )a I , and hence, ( / 2)R c Iw   . This definition 

implies that the regulator sets an access price equal to the marginal cost of 
providing the access plus the average cost of the investment.  

Substituting ( / 2)R c Iw   in Eqs. (10)-(13) provides the final results under cost-

based regulation: 

 



Modeling the regulatory intervention in the telecommunications market 

217  M. Tselekounis 

1 2

(1 )(4 )

2(4 )

R c
q

 

 

 


 
              (14) 

2 2

(1 )(2 )

2(4 )

R c
q

 

 

 


 
              (15) 

2

(1 )(3 )

4

R c
q

 

 

 


 
              (16) 

 
2

(1 )

4

R c
I



 




 
              (17) 

Assumption 2. Let 
2

4 0    . 

Assumption 2 is considered in order to ensure that 0R
I  . In addition, a 

necessary and sufficient condition for ensuring that both firms are active in the 

market (i.e. 
1 2
, 0

R R
q q  ) is 2  . Hence, the following assumption is made: 

Assumption 3. Let 2  . 

The comparison of I
I and R

I  shows that ―the incumbent‘s approach‖ leads to 

higher investment level than ―the regulator‘s approach‖.5 Concerning consumer 
surplus, the comparison of the ―regulator‘s‖ and the ―incumbent‘s‖ approaches 
shows that the latter leads to a higher consumer surplus than the former if 
3  .6 Therefore, the consumers prefer the incumbent to decide prior to the 

regulation of the access price when the investment cost function is increasing and 
convex but not excessively convex in relation to the impact of the investment on 
demand. If, on the contrary, 3  , consumers would prefer the regulator to set 

the access price at cost before the incumbent decides its investment level. This is 
a reasonable result because the optimal investment is higher under ―the 
incumbent‘s approach‖. Therefore, if the slope of marginal cost of the investment 
cost function is excessively steep in relation to the impact of the investment on 
demand, the incumbent‘s overinvestment is not socially desirable. Last, it is 
obvious that both approaches avoid foreclosure when the access is regulated at 
cost. 

 

5.2. Discussion 

The comparison of the results obtained by ―the incumbent‘s approach‖ with those 
obtained by ―the regulator‘s approach‖ shows that although it is ambiguous which 
approach leads to better results in terms of consumer surplus, ―the incumbent‘s 
approach‖ leads to better results than ―the regulator‘s approach‖ in terms of 
investment level. 

This is an unexpected result since the obtained NGA investment level is higher 
under regulatory uncertainty than under credible regulatory commitments. The 
reason of this striking result is that although ―the incumbent‘s approach‖ assumes 
regulatory uncertainty about the future regulatory policy, the incumbent 
undertakes such uncertainty by investing in NGA networks even if it is not 

                                                            
5
  See proof in Appendix A1. 

6
  See proof in Appendix A2. 
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reimbursed for such uncertainty. On the contrary, under no regulatory 
commitment problem, the optimal NGA investment level is lower because the 
incumbent does not undertake the regulatory uncertainty when it is not 
reimbursed for such uncertainty. It can be thus concluded that if the regulator 
announces a cost-based access price that incorporates a risk premium reflecting 
the regulatory uncertainty and then the incumbent choose its optimal NGA 
investment level, the derived level of the NGA investment will equal that of the 
―the incumbent‘s approach‖. We will call the former approach as ―the regulator‘s 
approach with risk premium‖ since it assumes that the regulator first announces 
an access price scheme that compensates the incumbent for the regulatory 
uncertainty, and then the incumbent makes its optimal investment decision.  

In the following section, we derive the risk premium that equates the investment 
levels obtained by ―the incumbent‘s approach‖ and ―the regulator‘s approach with 
risk premium‖ under cost-based access rules. The obtained risk premium reflects 
the regulatory uncertainty that the incumbent incurs when investing in NGA 
networks. Not surprisingly, ―the regulator‘s approach with risk premium‖ leads to a 
higher investment level than ―the regulator‘s approach‖. However, it should also 
lead to better results in terms of consumer surplus in order to be the chosen 
regulatory policy. Otherwise, there will be another regulatory trade-off between 
encouraging investments and promoting competition. Thus, we also provide the 
specific conditions under which the incorporation of a risk premium into the 
access price is beneficial for the consumers. 

 

5.3. Access pricing with risk premium 

This section studies the impact of the incorporation of a risk premium into the 
access price on investment level and total output. The risk premium should 
compensate the incumbent for its forgoing investments due to the regulatory 
uncertainty. As noted earlier, the risk premium that the regulator incorporates into 
the access price should equate the investment levels derived by ―the incumbent‘s 
approach‖ and ―the regulator‘s approach with risk premium‖. Or, in other words, 
the incumbent should be indifferent between investing prior or after the access 
regulation stage.  

Under cost-based regulation with risk premium, the regulator defines the access 
price as in section 5.1. plus a premium over this access price. Then, 

( / 2)(1 )RP c I yw    , where y  represents the risk premium. Substituting this 

access price into Eq. (10) gives the incumbent‘s investment level as a function of 
y : 

2
(1 2 ) / (4 )RP c cy yI                     (18) 

Equating RP
I  with I

I  and solving with respect to y  gives the level of the optimal 

risk premium: 

2

2 2 2

2 (1 )(2 )

( 8 2 5 )

c
y

c c c c



      

 


    
           (19) 

Considering Eq. (19), the final results of the cost-based regulation with risk 
premium are the following: 

1 2 2

(1 )(4 )

2(4 2 )
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q

  

  

  


  
             (20) 
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Assumption 4. Let 
2 2

4 2 0      . 

Assumption 4 guarantees that the investment level under cost based regulation 
with risk premium is positive. Not surprisingly, this investment level is the same 
with the investment level obtained by ―the incumbent‘s approach‖. For this 
reason, Sarmento and Brandao (2007) also make this assumption. In addition, a 
necessary and sufficient condition for ensuring that the entrant is active in the 
market is   . If, on the contrary,    the cost-based access regulation with 

risk premium forecloses the entrant from the downstream market. It is obvious 
that in this case the regulator should not incorporate into the access price such a 
high premium as y . For the rest of this section it is assumed that   . 

Therefore, the regulator should compare 
RP

q  and 
R

q  in order to decide whether 

or not the incorporation of a risk premium into the access price is the optimal 
policy. If the incorporation of risk premium leads to both higher investment level 
and total output, the regulator should set the access price at the level described 

by RP
w . The comparison of  

RP
q  and 

R
q  shows that the incorporation of y  into 

the access price leads to higher total output (and then to higher competition level) 

if 
2

  .7 The regulatory implications of the analysis concerning the cost-based 

regulation can be summarized in the following proposition:  

 

Proposition 1. Under cost-based regulation, the optimal regulatory policy is: (i) to 

set the access price at RG
w  if 

2
min{ , }   ; and (ii) to set the access price at 

R
w  if 

2
min{ , }   . 

 

From Proposition 1, it is deduced that the regulator should incorporate a risk 

premium into the access price when 
2

min{ , }   . This policy leads to higher 

investment level and consumer surplus than access price regulation without risk 
premium, while it ensures that the incumbent does not foreclose the entrant from 

the market. However, if 
2

    , ―the regulator‘s approach with risk premium‖ 

results in both higher investment and consumer surplus level that the ―the 

regulator‘s approach‖ but forecloses the entrant. In addition, if 
2

    ,  there 

is a trade-off between encouraging investments and promoting competition. The 
reason is that a higher access price leads to a higher investment level and to 
lower consumer surplus. In these cases, a benevolent regulator whose primary 

goal is to enhance competition should set the access price at R
w . However, the 

                                                            
7
  See proof in Appendix A3. 
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benevolent regulator may also wait for the incumbent to undertake the risk of 
regulatory uncertainty if 3  . This implies that the incumbent invests before 

the regulation of the access price and such policy is optimal since it results in 
better outcomes that the ―regulator‘s approach‖ in terms of both investment level 
and consumer surplus.    

 

6. Conclusions 

The aim of this paper was to derive the optimal risk premium that reflects the 
regulatory uncertainty incurred by investing in NGA networks. Thus, we 
compared the NGA investment levels obtained when the incumbent invests under 
regulatory certainty and under regulatory uncertainty.  

When the incumbent chooses its optimal NGA investment level prior to the 
regulation of the access price which does not incorporate any risk premium 
reflecting the uncertainty about future regulatory intervention, it implicitly 
undertakes such risk since it chooses to invest. Therefore, although the 
incumbent invests under regulatory uncertainty, it does not take such uncertainty 
into account. Based on these assumptions, Sarmento and Brandao (2007) 
studied the impact of deregulation, cost-based regulation and retail-minus 
regulation on NGA investment level, consumer surplus and foreclosure of the 
entrant from the retail market. On the contrary, when the incumbent considers the 
regulatory uncertainty when determining its optimal NGA investment level, it 
chooses to invest after the regulation of the access price. We explored the 
robustness of the results of Sarmento and Brandao (2007) under the assumption 
that the incumbent invests in NGA networks after the regulation of the access at 
cost-based prices.  

The comparison of the two approaches showed that cost-based regulation makes 
the incumbent underinvest if it considers the regulatory uncertainty when it 
deploys an NGA network. Therefore, the incorporation of a risk premium that 
reflects the regulatory uncertainty into the access price would make the 
incumbent choose the NGA investment level derived under regulatory 
uncertainty. We derived the risk premium that equates the NGA investment levels 
obtained by the approach of Sarmento and Brandao (2007) and the approach 
presented in this paper which incorporates a risk premium. Thus, the derived risk 
premium reflects the regulatory uncertainty of the investments in NGA networks. 

However, it is widely known that the regulator‘s goal is not only to encourage 
efficient and timely investments in NGA networks, but also to promote effective 
competition. Thus, we also provided the condition under which the incorporation 
of a risk premium into the access price increases both NGA investments and 
competition. In particular, when the slope of the marginal cost function of the 

investment is significantly but not extremely steep (i.e. 
2

  ), then a higher 

access price benefits both the incumbent and the consumers. Therefore, the 
incorporation of a risk premium into the access pricing formula is the optimal 
regulatory policy providing that it does not foreclose the entrant form the retail 
market. 

It should be noted that the derived outcome is aligned with the current regulatory 
practice in the European NGA market since the access price reflects the cost of 
providing the access including a markup for the demand and the regulatory 
uncertainty of NGA investments. Therefore, we showed that, under plausible 
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assumptions and specific conditions, cost-based access rules can tackle the 
regulatory trade-off between encouraging efficient NGA investments and 
promoting effective competition. However, the authors already study the impact of 
other regulatory instruments (such as deregulation and retail-minus regulation) on 
foreclosure, investment level and consumer surplus in order to compare their 
efficiency with that of cost-based regulation. 
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Appendix A 

We assume that regardless of the timing of the game, the investment level, the 
incumbent‘s output and the entrant‘s output are positive under cost-based 
regulation. Therefore: 

 

A.1 

The condition I R
I I  is equivalent to 0I R

I I  . From Eqs. (6) and (17) in the 

text, we have:  

2 2 2

(1 )( ) (1 )
0

4 2 4

c c  

     

  
  

    
 

2

2 2 2

2 (1 )(2 )
0

(4 )(4 2 )
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which always holds. 

 

A.2 

The condition 
I R

q q  is equivalent to 0
I R

q q  . From Eqs. (5) and (16) in the 

text, we have:  

2 2 2

(1 )(6 2 ) (1 )(3 )
0

2(4 2 ) 4

c c    

     

    
  

    
 

2

2 2 2

(1 )(2 )(3 )
0

2(4 )(4 2 )

c   

     

  


    
 

which holds for 3  . 

 

A.3 

The total output, q , is the sum of the incumbent‘s and the entrant‘s output, 
1

q  and 

2q , respectively. Adding Eqs. (11) and (12) gives the total output as a function of 
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the access price, i.e. 
2 2 2

(3 2 2 2 ) / (4 )
R

c w w cq            . A marginal 

increase in w  due to the incorporation of the risk premium causes a change in 

the total output by 
2

2( )  . Thus, if 
2

  , the incorporation of a risk premium 

into the access prices leads to higher total output and hence to higher consumer 

surplus (competition) level. In addition, the comparison of 
R

q and leads to the 

same result. 
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Abstract—This paper surveys the broad literature of two-way interconnection. In 
particular, it discusses how different assumptions concerning retail pricing 
strategies, demand structures, network externalities and asymmetries in the 
market affect the impact of termination charges on competition and investment 
incentives. The main contribution of this paper is that it points out the cases that 
have not been fully studied yet or the related literature provides mixed results. 
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I.  INTRODUCTION 

The deregulation of most telecommunications markets has challenged the need 
for regulatory intervention. In the case of one-way access, an unregulated 
incumbent may charge a too high access price in order to foreclose the access 
seekers (entrants) from the retail market. Therefore, the regulatory intervention in 
the access market is necessary for establishing competition, especially at the 
earlier stages of deregulation. On the contrary, in the case of two-way access, the 
operators have a mutual incentive to interconnect their networks in order to serve 
calls originated on their networks and terminated on competing networks. 
Therefore, although each operator is a monopolist over its subscribers‘ access 
lines, regulators are still concerned about the need to regulate termination 
charges (or access prices or interconnection charges). 

Indeed, the economic literature on two-way interconnection provides ambiguous 
results concerning the impact of negotiated termination charges on the 
competition outcome in an unregulated access market. The seminal papers of 
this literature are those of Laffont, Rey and Tirole [1] and Armstrong [2], here-
after A-LRT. These papers show that interconnection charges between two 
unregulated competing networks can be used to facilitate collusive outcomes. In 
particular, A-LRT show that under linear retail tariffs high interconnection charges 
reduce each network‘s incentives to lower retail price in order to increase market 
share.  

The reason is that if either network decreases its retail price, its subscribers will 
make more calls which triggers a net outflow of calls. Therefore, with termination 
charges above marginal cost, the incentive to decrease retail prices is reduced 
and the retail competition is softened. This implies that networks find it profitable 
to collude over the access charge in an unregulated market.  

On the contrary, two-part tariffs (i.e. introducing a fixed charge into the linear 
retail pricing formula), which is a particular pricing scheme of non-linear pricing, 
make the two networks indifferent over the termination charges (profit neutrality) 
[1]. The basic intuition of this result stems from the fact that the fixed fee provides 
the networks with an additional instrument to build their market shares. Therefore, 
when the termination charge is increased, firms will increase call prices but, at the 
same time, they will reduce the fixed component to keep market shares. This 
implies that collusion over termination charges is unsustainable since each 
network sets the usage access fee at its perceived marginal cost (in order to 
avoid an access deficit) and uses the fixed fee to build market share.  

It is thus obvious that the results are significantly sensitive to the assumption 
about the structure of the retail tariffs. However, since the benchmark A-LRT 
model is not only based on the assumption of linear retail prices, but also on 
many other assumptions, the robustness of the collusive and the profit-neutrality 
outcomes should be explored when relaxing the underlying assumptions. In 
particular, the A-LRT framework assumes that: (i) the network operators set linear 
retail prices, (ii) there are two symmetric unregulated networks which compete in 
a standard Hotelling framework (hence, full consumer participation is also 
assumed), (iii) the termination charges are uniform (i.e per-minute and usage-
based) and reciprocal (i.e. symmetric networks charge as much for terminating a 
call originated on the rival network as they pay for terminating a call on the rival 
network), (iv) the demand for calls is homogeneous (i.e. all consumers have the 
same demand for calls), (v) the retail pricing is non-discriminatory (i.e. network 
operators charge their subscribers the same retail price either if a call originated 
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on a network will be terminated on the same network ("on-net call") or on a 
competing network ("off-net call"), (vi) only callers receive utility from a call (caller-
pays principle) and (vii) there is a balanced calling pattern (i.e.  the percentage  of  
on-net  calls  is  equal  to   the fraction of consumers subscribing to this network, 
which implies that for equal marginal prices, flows in and out of a network are 
balanced even if market shares are not). 

This paper reviews the existing publications that extend the common A-LRT 
framework by relaxing some of the above benchmark assumptions. A first aim of 
this paper is to update previous reviews of the literature on two-way 
interconnection ([3], [4]) since these articles are published in 2002 and 2003, 
respectively, and as a result they only review the early publications. However, the 
main goal of this paper is to point out the cases that have not been studied yet or 
the related literature provides mixed results. Thus, each paper is classified 
according to its underlying assumptions. Table 1 classifies all the articles 
reviewed by this paper according to the way they depart from the benchmark A-
LRT framework. Since the seminal papers derive the impact of termination 
charges on competition under linear and two-part tariffs in a symmetric 
environment, there are two ways to extend this framework. The first way is to 
study the robustness of the derived results when allowing for termination-based 
discrimination (i.e. price discrimination between on-net and off-net calls), 
consumer heterogeneity or network externalities (i.e. non-full consumer 
participation) in a symmetric environment. The second way is to examine whether 
the seminal results or the extended ones are robust in an asymmetric 
environment.  

A much more significant extension is to study the impact of regulated termination 
charges on competition outcomes or to introduce an endogenous investment in 
quality. Each of these two assumptions can be combined with all the other 
assumptions that extend the A-LRT framework and hence each combination 
should be investigated separately. However, rather than presenting two more 
tables, we have italicized the papers that assume regulated termination charges 
and we have bolded the papers that introduce investment incentives. 
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TABLE I. CLASSIFICATION OF THE REVIEWD PAPERS ACCORDING TO THEIR 
UNDERLYING ASSUMPTIONS 

 

SYMMETRIC OPERATORS (MATURE 
MARKET) 

ASYMMETRIC OPERATORS (EARLY 
STAGES OF DEREGULATION PROCESS) 

LINEAR TARIFFS 
TWO-PART 
TARIFFS 

LINEAR TARIFFS 
TWO-PART 
TARIFFS 

BENCHMARK 
ASSUMPTIONS (iii)-
(vii) 

[1], [2], [33], [34], 
[35] 

[1], [35], [37] [5] 
[6], [7], [35], [37], 
[39] 

TERMIN
ATION-
BASED 
DISCRIM
INATION 

 

ONLY 
CALLERS 
PAY 

[15] [14], [15], [16], [17]  [18], [19], [38] 

CALLERS
&RECEIV
ERS 
DERIVE 
UTILITY 
BUT 
ONLY 
CALLERS 
PAY 

[20] [21] [22] [22] 

BOTH 
DERIVE 
UTILITY-
BOTH 
PAY 

[23], [24], [25], [26], 
[30] 

[23], [24], [25], [26], 
[27], [30] 

 [28] 

CONSUMER 
HETEROGENEITY 

 
[8], [9], [10], [11], 
[12], [35] 

 [13] 

NETWORK 
EXTERNALITIES 

(PARTIAL 
PARTICIPATION) 

 [8], [31], [32]   

 

From table I it can be concluded that the impact of termination charges on 
competition has been adequately studied in the cases where two either 
symmetric or asymmetric network operators charge two-part (discriminatory) 
retail prices. In addition, although there are several papers that study the impact 
of consumer heterogeneity and network externalities on the collusive and profit-
neutrality outcomes with two-part tariffs, the related literature does not provide 
any result when asymmetries and/or linear tariffs are taken into account. Most 
significantly, the literature has not studied the impact of alternative regulatory 
settings that departs from the standard termination charges when relaxing the 
benchmark assumptions. Last, although regulators aim at not only promoting 
competition but also at encouraging investments, the relationship between 
termination charges, competition and investments has not been fully investigated. 
In particular, the related literature has studied this relationship only with two-part 
tariffs and only for one deviation from the benchmark assumptions (termination-
based discrimination when only callers receive utility from calls).  

Therefore, table I can be used as a motivation for future research on the fields 
that the related literature provides few or no results. Section II reviews the 
existing publications that extend the common A-LRT framework and examine the 
robustness of the collusive and the profit-neutrality outcomes when departure 
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from the benchmark assumptions. It is obvious that future research is also 
needed when the related literature provides mixed results. The last section 
concludes the main results of the literature of two-way interconnection.  

 

II. LITERATURE REVIEW 

This section reviews the literature that studies the robustness of the collusive and 
the profit-neutrality outcomes when the benchmark assumptions of the A-LRT 
framework are relaxed.   

 

A. Asymmetric market structure 

A first significant extension of the A-LRT framework is to allow for asymmetry 
between the two networks. This case better corresponds to the earlier stages of 
the deregulation process of the telecommunications market where the incumbent 
has several advantages over the (potential) entrants in terms of cost and 
demand. Allowing for unequal-sized networks by providing for brand loyalty, 
shows that the ability to use interconnection charges to facilitate collusion is 
retained with asymmetry [5]. However, the profit-neutrality outcome vanishes 
when asymmetric networks charge two-part tariffs [6]. In particular, the incumbent 
prefers the reciprocal access charge to be set at the marginal cost of providing 
the local loop, whereas the entrant prefers to have below (above) cost access 
charges when it faces a net outflow (inflow) of calls. If the two networks cannot 
agree on the level of interconnection charges, the regulator should require that 
the incumbent and entrant interconnect at some reciprocal price, but leave the 
incumbent free to set this price. The reason is that cost-based interconnection 
charges achieve the welfare maximizing outcome without any need for the 
regulator to determine costs or prices. If networks set non-reciprocal 
interconnection prices, then each firm prefer to unilaterally increase their charge 
for local call interconnection. In this case, non-reciprocal interconnection 
agreements allow the incumbent to use its greater bargaining power to charge 
more for incoming calls than it pays for outgoing calls. This can act as a barrier to 
entry for competitors to the extent it is not justified by cost differentials.  

Therefore, when asymmetries call for non-reciprocal interconnection charges, the 
primary aim of access regulation should be the promotion of competition. 
According to [7], an access regulation scheme that provides the incumbent with 
cost-based termination charges and gives a positive access markup to the 
entrant has two positive effects on competition: a potential entrant is more likely 
to enter and, given entry, competition is more intense. Hence, this type of 
wholesale price regulation is effective in protecting consumers and encouraging 
entry at the same time. However, it also leads to a loss in total surplus which 
arises from a distorted per-minute price by the incumbent. It should be noted that 
this policy recommendation holds under both linear prices and two-part tariffs. 

 

B. Consumers heterogeneity 

It is shown that the profit-neutrality outcome still holds when customers are 
heterogeneous and networks engage in non-linear retail pricing1  [8]. This result 

                                                            
1
 In this section, we use the general term ―non-linear pricing‖ because the networks also price-

discriminate among the different types of customers. 
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suggests that the optimal regulatory policy is to recommend networks set their 
access charge equal to the marginal termination cost [9]. Provided competing 
networks are symmetric, the firms have no strict incentive not to follow the 
recommendation. Then, with access charges being equal to costs the equilibrium 
tariff is a simple cost-based two-part tariff, resulting in efficient call-allocations for 
all types of consumers. On the contrary, when the A-LRT framework is modified 
in order to capture the fact that there might be a time frame after the deviation 
period where the cartel firms can react by changing the retail tariff but not by 
adjusting the termination charge, then termination fees can support collusion in 
the retail market even under two-part tariffs [10]. The reason is that with 
heterogeneous consumers, the optimum deviation strategy is usually to try to 
attract the high valuation customers since they are the ones with the highest 
profits. This strategy is made less attractive by setting termination fees above 
cost, since a deviator with a pool of high users will have more outgoing than 
incoming calls. Therefore, termination fees above marginal cost reduce the 
deviation profits and stabilize the collusion. The same outcome is reached when 
assuming that with high access prices (and so high retail prices) low demand 
users would not necessarily want to participate [11]. In particular, if there is a call 
imbalance between the two sectors, firms can set an access charge so that high 
demand customers generate an access revenue deficit. The effect of this is to 
limit competition for high demand customers and increase competition for light 
users.  

From the above analysis, it can be deduced that introducing consumer 
heterogeneity in the A-LRT model with non-linear tariffs yields different results 
depending on the underlying assumptions. This analysis becomes much more 
complex if we take into account that customer heterogeneity in outgoing volume 
demand is not only correlated with differences in incoming call volume, but also 
with differences in how customers perceive competing networks. In particular, 
different customer types are likely to perceive the substitutability of the networks 
differently as they have different switching costs, different brand loyalty or a 
differentiated access to publicity and information about the networks. When 
networks are seen as better substitutes by the heavy (light) users than by the 
light (heavy) users, networks obtain higher profits by agreeing on an access 
charge below (above) marginal cost [12]. Therefore, the standard neutrality of 
two-way access prices found in the earlier literature no longer holds. 

The only paper that discusses the impact of termination charges on competition 
between two asymmetric networks when subscribers are heterogeneous in their 
demand for calls is [13]. It shows that an increase in the incumbent‘s (entrants‘) 
termination charge leads the entrants to increase (decrease) their prices to all 
subscriber groups. An equal increase in both termination charges leads the 
entrants to lower their prices to low-volume users and raise their prices to high-
volume users. Hence, the difference between termination charges affects the 
average intensity of competition, while an increase in the average termination 
charge affects the relative intensity of competition for the high and low volume 
subscribers. Concerning the optimal regulatory policy, it is shown that a reciprocal 
termination charge is optimal as long as the incumbent is regulated so that it just 
breaks even. This reciprocal charge is above the incumbent‘s cost of access 
whenever its retail tariff involves subsidizing low volume users. 
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C. Termination-based price discrimination 

The most important extension of the A-LRT model is to allow the networks to 
price-discriminate according to whether a call originated on one network is 
terminated on the same network (on-net) or on a rival network (off-net). The 
reason is that such a pricing strategy is widely used in the typical two-way 
markets, such as mobile communications and internet services. The related 
literature is mainly focuses on two-part tariffs since the pricing structures are non-
linear in these markets.2  Therefore, under price-discrimination and two-part 
tariffs, networks would like to agree on a reciprocal termination charge below 
marginal cost in order to relax downstream competition [14]. In such cases, off-
net calls are cheaper than on-net calls and hence networks compete less 
aggressively for market share. This result corrects the argument that termination 
charges are negotiated to equal the marginal cost of terminating a call provided 
by [15]. The conclusion of [14] that networks are interested in setting the access 
charges below cost to soften competition is not altered when generalizing to the 
multi-firm case [16]. However, when allowing for networks to choose 
competitively non-reciprocal access prices, it is shown that optimal access 
charges exceed the cost of termination [17].  

There are two papers that study the impact of termination charges on competition 
between two asymmetric networks when they can set different two-part tariffs for 
on-net and off-net calls. The first paper assumes a reciprocal access price and 
shows that departing from cost-based access pricing allows the incumbent to 
foreclose the market in a profitable way [18]. This result depends on the impact of 
switching costs on consumers‘ ability to switch between networks. If the 
incumbent benefits from customer inertia, then it has an incentive to insist in the 
highest possible access markup even in the absence of actual switching costs. If 
instead the entrant benefits from customer activism, then foreclosure is profitable 
only when switching costs are large enough. The second paper shows that 
granting an access markup to the entrant reduces the probability of foreclosure 
and hence intensifies competition [19]. Therefore, non-reciprocal access prices 
that favor the entrant increase the entrant‘s profits and consumer surplus but 
decrease social welfare. The reason for their positive effect on entrant‘s profits 
and consumer surplus is that an increase in the access price paid by an operator 
is passed on to consumers through an increase of the per-minute price of off-net 
calls (which obviously benefits the entrant). On the contrary the reason for their 
negative impact on total surplus is that the off-net price of the strong operator is 
distorted above the socially efficient level and the market share of the strong 
operator is distorted further below the socially efficient level. 

All the above studies assume that only the caller benefits from a call and not the 
receiver. The following three papers allow both callers and receivers to receive 
utility from a call (namely call externalities). In such cases consumers care about 
being called and hence networks set higher off-net prices in order to make the 
rival network less attractive. This implies that access charges below marginal cost 
can be used as a collusion device [20]. It is also shown that the welfare 
maximizing access charge is below the one that maximizes industry profits. 
Under two-part tariffs both the collusive and the welfare maximizing access 
charges also fall below marginal cost [21]. Therefore, call externalities do not alter 

                                                            
2
  In fact, this retail pricing scheme can been seen as a three-part tariff since it consists of a fixed 

fee and two usage fees for the on-net and the off-net traffic, respectively. However, the related 
literature calls this pricing scheme as two-part tariffs. 
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the main result of termination-based price discrimination provided by [14]. In the 
case of asymmetric networks, the structure of retail pricing (i.e. linear or two-part 
tariffs) does not affect the incumbent‘s incentives to set higher off-net prices. This 
implies a higher off-net/on-net differential which leads the entrant to incur a 
permanent access when the reciprocal access charge is above marginal cost. In 
addition, the incumbent can adopt an anti-competitive, predatory-pricing strategy 
aimed at foreclosing the entrant. Predatory behavior would be accompanied by 
even larger on-net/off-net differentials even if access charges are set at cost [22]. 
Therefore, the presence of call externalities can lead the incumbent to foreclose 
the entrant, whereas in the absence of call externalities the incumbent can 
foreclose the entrant when the former benefits from customer inertia [18].  

Another set of papers not only allow for call externalities and termination-based 
price discrimination but also assume that both callers and receivers share the 
cost of a call (i.e. networks charge both callers and receivers). This literature 
analyzes the effects of termination charges on retail prices when networks can 
set four separate per minute usage rates: an off-net origination rate, an off-net 
termination rate, an on-net origination rate and an on-net termination rate. The 
literature has produced two differing results concerning the effect of access 
charges on usage retail rates. The first result is widely known as ―the off-net cost 
pricing principle (ONCPP)‖, which argues that all on-net and off-net usage rates 
will equal the marginal cost of providing service plus (minus) access charges paid 
(received) [23], [24]. The second result concludes that on-net rates depend only 
on (efficiently allocating) the on-net costs of service, while off-net rates depend 
both on the costs of providing the service and the access rate [25]. It is shown in 
[26] that these different results depend on different assumptions regarding: (i) 
how usage rates affect consumer usage, (ii) whether subscribers to a telephone 
network both originate and receive calls, and (iii) whether some customers only 
originate calls while others only receive calls. Specifically, when customer usage 
does not depend on usage rates, and some customers originate all of the calls in 
which they engage while other customers receive all of the calls in which they 
engage, then the ONCPP will tend to describe the equilibrium. On the other hand, 
when the number of minutes of calling in which a customer engages depends on 
usage rates and customers tend to originate about the same number of minutes 
as they receive, then on-net rates tend to reflect only the cost of providing on-net 
service.   

The literature studying the impact of termination charges on retail prices when 
both callers and receivers pay for the utility they derive is based on the 
assumption that there is a fixed volume of transactions for each receiver-caller 
match and all calls deliver the same gross surplus to a given end user. Thus, the 
distinction between linear and non-linear tariffs is irrelevant. However, a much 
more general determination of the ONCPP shows that when volume is variable, 
the marginal cost perceived by each network is affected by the externalities on 
the rival network‘s subscribers, and this leads networks to charge prices equal to 
off-net costs while, when volume is fixed, there are no such externalities [27].  

A significant problem emerges when the receiver of a call benefits by as much as, 
or more than, the sender. In this case, both networks set off-net call charges so 
high as to eliminate off-net calling altogether. Even when the reciprocal 
termination charge is set equal to marginal cost, equilibrium off-net call charges 
still exceed the efficient level and a connectivity breakdown emerges [27]. This 
result also holds when allow for asymmetric networks [28]. However, the 
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probability of a connectivity breakdown is reduced when calls made and received 
are complements in the information exchange [29]. 

Another problem concerns the necessity of reciprocal access prices for the 
existence of equilibrium [24]. In addition, symmetric access charges ensure the 
robustness of the ONCPP in an industry with any number of competing networks. 
Allowing for asymmetric but reciprocal access pricing in the presence of an 
arbitrary number of network operators shows that if the reciprocal access charge 
of a pair of networks departs away from a given symmetric access charge, then 
the two networks are driven out of one side of the market [30]. 

 

D. Partial consumer participation 

Another significant deviation from the basic A-LRT framework is to relax the ―full 
consumer participation principle‖ of the Hotelling model. Therefore, the demand 
for calls is elastic, some customers choose not to subscribe and the industry 
exhibits network externalities. This implies that networks should take into account 
the market expansion effects, as well as, the business stealing effects of their 
pricing strategies.  

In particular, symmetric network operators may increase their profits by agreeing 
on an access charge below the marginal cost of access when they charge the 
callers with two-part tariffs [8]. This result removes the idea that the collusion 
concern should be associated with high access charges and confirm the results 
of [14]. Therefore, one may conclude that allowing for either partial participation 
or network-based price discrimination results in a reciprocal below cost access 
charge which vanish the profit-neutrality outcome of [1].  

However, as it is shown in [31] a fixed participation rate makes the networks 
indifferent over the level of the access charge. On the contrary, an endogenous 
participation rate is crucial for the non-neutrality of the access charge. In 
particular, the profit maximizing access charge is also below marginal cost. As in 
the full participation case, the access charge can be used to manipulate 
equilibrium per-minute prices and rentals. Below cost termination charges make 
additional consumer less attractive (i.e. softens competition), but competition in 
rentals is even more fierce because there are new customers outside the market 
to be competed for, as well as, existing customers. It can be thus deduced that 
whether the profit-neutrality outcome still holds under partial participation 
depends on the endogeneity of the participation rate.  

A very significant finding is provided by combining partial participation and 
network-based price discrimination. As it has been already mentioned in [8] and 
[14], higher than cost-based access charges induce stronger competition when 
networks can price-discriminate or there exist network externalities, respectively, 
and hence networks prefer below cost access charges. However, when both 
price discrimination and network externalities are present, network operators 
have an incentive to set the access charge above marginal costs of termination in 
order to increase joint market coverage and thereby exploiting network effects 
[32]. This strategy is in line with the maximization of social welfare and can hardly 
be called ―collusion‖. In fact, the welfare maximizing level of access charges is 
also above marginal costs of termination and may be higher or lower than the 
negotiated access charge.  
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E. Regulation of the access price 

So far we have mainly focused on two unregulated networks which agree on a 
reciprocal termination charge. Now, we study the optimal regulatory policy that 
reduces the networks‘ incentives to collude over a reciprocal termination charge. 
Recall that in a symmetric equilibrium with linear tariffs access charge may be 
used as a collusive device if high access charges inflate retail prices [1]-[2]. 
Therefore, an efficient access pricing rule must not inflate retail prices. It is shown 
that the Generalized Efficient Component Pricing Rule (GECPR)3  exhibits such a 
property, and induces a highly pro-competitive outcome for a wide range of 
parameters. The GECPR dominates the Efficient Component Pricing Rule 
(ECPR), marginal cost pricing, and any non-negative fixed access charges in 
terms of efficiency [33].  

Another regulatory alternative is to deviate from per-minute (usage) termination 
charges in order to prevent collusive outcomes and market foreclosure that harm 
consumers. Specifically, in the case of partially collusive retail market, non-linear 
access prices that are cost-based, negatively sloped and based on per-consumer 
usage result in the social optimal outcome [34]. This result holds under the 
benchmark assumptions of the A-LRT model. However, as it is shown in [35], an 
access price which is a linear function of both marginal costs and (average) retail 
prices set by both networks, can lead to the most efficient outcome under 
different assumptions concerning retail pricing, consumer heterogeneity and 
asymmetries in the market. In particular: 

(i) With linear retail prices, there is a unique rule that implements the Ramsey 
price outcome as an equilibrium, independently of the underlying demand 
conditions, as long as there exists at least a mild degree of substitutability 
between networks‘ services. Therefore, even if the regulator does not have any 
information about the demand structure, it can provide the social optimal outcome 
by increasing the competition level. The reason is that contrary to the results of 
[1] and [2], such an access pricing scheme promotes competition in retail prices 
since each network decreases its access payments by decreasing its retail price.  

(ii) With two-part tariffs, there exists a class of rules under which firms choose the 
variable price equal to the true marginal cost. Therefore, the regulator can choose 
among these rules to pursue additional objectives, such as increasing consumer 
surplus or promoting socially optimal investment, while achieving the efficient 
outcome. The profit-neutrality outcome of [1] does not hold because a higher 
magnitude of the impact of the average retail prices on the access price 
intensifies competition in fixed fees. It should be noted  that the marginal cost 
pricing result holds even for asymmetric networks.   

(iii) Contrary to [8] and [9] which show that efficiency is achieved by making the 
case with interconnection identical to the case without interconnection (i.e. setting 
the access price equal to the marginal cost), an access price which is a linear 
function of both marginal costs and (average) retail prices can achieve efficiency 
(under a class of access pricing rules) in the presence of interconnection and 
consumer heterogeneity.  

 

                                                            
3
 The GECPR resembles the ECPR in that it also determines access charges based on the 
incumbent‘s opportunity cost. But the GECPR measures the opportunity cost in terms of the 
entrants‘ retail price instead of the incumbent‘s retail price. 
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F. Investment incentives 

It is obvious that the primary goal of regulators is to promote effective competition 
in order to achieve static efficiency.  Indeed, the question of the impact of two-
way interconnection on static efficiency had been adequately investigated from 
the advent of the seminal works on 1998 until 2003, when it was first stated that 
there had not been developed any analysis of the linkage between access pricing 
and investment incentives [36]. The necessity of studying such linkage stems 
from the fact that the aim of regulators is not only to promote effective competition 
among network operators, which leads to lower prices and higher consumer 
surplus, but also to encourage efficient and timely investments by all networks, 
which leads to innovation and economic growth. However, the regulators‘ two-fold 
goal is related to the common trade-off between static and dynamic efficiencies. 

In a two-way interconnection framework, the benchmark model of A-LRT is 
extended in order to allow networks to make quality-enhancing investments. An 
obvious reason for undertaking such costly investments is that they increase the 
consumers‘ willingness to pay and hence networks‘ profits. However, the related 
literature also studies whether such investments can be used as an instrument of 
―tacit collusion‖.  

A starting point for answering such question is to keep in mind that quality-
upgrading investments can reflect an endogenous asymmetry. The reason is that 
when competing networks choose different levels of investment, they face 
different demand and cost structures. Therefore, contrary to the results provided 
by an exogenous asymmetry under two-part tariffs [6], the networks have an 
incentive to agree to termination charges above the respective marginal cost 
since this strategy softens the competition over investments [37]. Therefore, in 
this case, the collusive outcome stems from diminishing each other‘s incentives 
to invest rather than raising each other‘s cost. It is obvious that this result is 
detrimental to social welfare and hence freely negotiated interconnection charges 
do not achieve the welfare maximizing outcome. This result is in stark contrast 
with the result obtained without quality-upgrading investments as provides by [6]. 
Since the above collusive outcome also holds in a symmetric equilibrium, the 
profit-neutrality outcome of two-part tariffs does not hold when quality-upgrading 
investments are taken into account.  

A further extension is to examine whether termination-based price discrimination 
affects the under-investment result when termination charges have an impact on 
networks‘ investment incentives. It is found that when quality is regarded as 
exogenous factor, the results of [14] still hold even in an asymmetric environment. 
This implies that networks prefer to agree on a reciprocal termination charge 
below marginal cost in order to relax downstream competition. However, when 
quality-upgrading investments are endogenized, networks increase their profits 
by agreeing on above-cost reciprocal termination charges that diminish 
investment incentives [38]. Therefore, the under-investment result found in [37] is 
robust under termination-based price discrimination.  

The aforementioned papers that study the impact of termination charges on 
networks‘ investment incentives explicitly assume that a quality-upgrading 
investment increases the consumers‘ willingness to pay, but does not alter their 
calling patterns. Allowing for a quality-sensitive traffic does not affect the main 
conclusion of this literature that private and social preferences always diverge 
once investments are endogenized [39].   
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III. CONCLUSIONS 

This paper provided a review of the economic4 literature of two-way 
interconnection. The existing publications are mainly based on the seminal works 
of this literature which found that: (i) under linear retail pricing firms use above-
cost reciprocal interconnection charges as an effective tool to soften competition 
in the retail market (collusive outcome), and (ii) under two-part tariffs 
interconnection charges have no effect on network operators‘ profits and hence 
collusion over termination charges is unsustainable (profit-neutrality outcome).  

However, both results are based on particular assumptions concerning retail 
pricing strategies, asymmetries in the market, demand structures and network 
externalities. The literature that followed the advent of the seminal works mainly 
focused on exploring the robustness of the two main results when relaxing these 
benchmark assumptions.  

It was found that the collusive outcome seems to be robust in asymmetric 
markets, as well as, under call externalities. However, in the latter case call 
externalities make the firms use below-cost reciprocal interconnection charges as 
an effective tool to soften competition in the retail market. Concerning the profit-
neutrality outcome, it was concluded that this outcome still holds under consumer 
heterogeneity but it vanishes either in asymmetric markets or under termination-
based discriminatory pricing.  

In many cases, the collusive outcome can be achieved even with two-part tariffs. 
The detrimental effect of a collusive outcome on competition can be exacerbated 
when asymmetries in the market call for non-reciprocal access prices. In such 
cases the incumbents can use their greater bargaining power to foreclose the 
entrants from the retail market. Although the need for regulation is imperative in 
both cases, the related literature has not adequately investigated the impact of 
termination charges on competition. In addition, there are only few papers 
proposing different regulatory settings that prevent network operators from using 
the termination charges as an effective tool for collusion.  

Most importantly, network operators can also agree on termination charges 
above marginal cost in order to soften competition over investments. This 
collusive behavior makes operators to under-invest which leads to both static and 
dynamic inefficiencies. Since private and social preferences always diverge once 
investments are endogenized, regulators should intervene in the access market 
in order to promote competition and encourage investments. Although this is a 
very interesting and challenging result, the relationship between access 
regulation, competition and investment incentives has been investigated in very 
few ways. 

It is thus obvious that this paper not only reviewed the existing literature of two-
way interconnection, but also pointed out the fields that the future research 
should focus in order to deal with the currently open issues. These fields include 
the investigation of the robustness of the two seminal results in cases where: (i) 
the existing literature provides few or no results (see table I), (ii) the existing 
literature provides mixed results, and (iii) the regulatory intervention is imperative 

                                                            
4
  We intentionally neglected technical aspects of interconnection (such as differences between 

circuit and packet switching technologies) since we aimed at discussing the impact of access 
charges on retail competition from an economic perspective. 



Modeling the regulatory intervention in the telecommunications market 

237  M. Tselekounis 

in order to deal with anti-competitive practices and encourage efficient 
investments.   
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Abstract 

The aim of this paper is to examine the impact of regulatory uncertainty on an 
incumbent‘s incentives to invest in NGA and on the subsequent downstream 
competition level. Thus, it proposes a method for calculating the regulatory 
uncertainty and incorporating it into the access pricing formula. Two cases are 
discussed according to whether the regulator discloses the access pricing 
formula after the announcement of the regulatory period (maximum regulatory 
intervention) or the formula is of common knowledge (minimum regulatory 
intervention). It is found that in both cases there is a trade-off between 
encouraging NGA investments and promoting effective competition. Therefore, it 
is assumed that the regulator sets the regulatory period at the level that 
maximizes social welfare. The comparison of the derived results shows that the 
regulator should provide minimum than maximum regulatory intervention since 
the former policy leads to better results in terms of investments, competition and 
social welfare.   
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1. Introduction 

The migration from copper telecommunications networks to fibre-based next-
generation access networks (NGA) capable of providing high-speed broadband 
services has induced a growing interest in the linkage between access regulation 
and investment incentives. The related literature concludes that there is a trade-
off between encouraging investments and promoting effective competition.1 

On the one hand, cost-oriented access prices provide the entrants with significant 
incentives to enter the market. Therefore, the consumers enjoy the benefits of 
effective competition, such as lower prices and higher quality. The main 
drawback of this approach, however, is that deters the incumbents from investing 
in network upgrade (Cave and Prosperetti, 2001; Jorde et al., 2000; Ingraham 
and Sidak, 2003) and encourages entrants to deviate from socially optimal 
investment level and to delay investments in alternative infrastructures (Jorde et 
al., 2000; Bourreau and Dogan, 2005). On the other hand, higher access prices 
incentivize the incumbents to invest in network upgrade but bear the risk of 
distorting competition and providing the entrants with incentives to build inefficient 
facilities to bypass the incumbent‘s network (Laffont and Tirole, 2000). 

Given that the prospective investors in NGA networks are for large part the 
former incumbent operators (OPTA, 2010), the goal of regulators is to promote 
effective competition and encourage efficient and timely investments in NGA 
networks from the incumbents.  For this reason, the European Commission (EC) 
issued a Recommendation on regulated access to NGA (EC, 2010) providing the 
National Regulatory Authorities (NRAs) with guidelines for tackling the trade-off 
between fostering competition and promoting investments with regard to NGA. In 
particular, the EC recommends calculating the access in a cost-based form that 
incorporates a risk premium. This premium should reflect any additional and 
quantifiable investment risk incurred by the investor.2 According to OPTA (2008), 
the main factors that negatively affect the incumbent‘s incentives to invest in NGA 
networks are: (i) the uncertainty about future demand for new fibre-based 
services; and (ii) the regulatory uncertainty related to the regulator‘s limited ability 
to make ex ante credible commitments. 

This paper focuses on the regulatory uncertainty and its impact on the regulator‘s 
two-fold goal to encourage NGA investments and to promote effective 
competition. Theoretically, the regulator can eliminate the regulatory risk if it fixes 
the principles of tariff regulation for the whole period of the economic lifecycle of 
an NGA investment. It is obvious that such a policy maximizes the regulatory 
certainty and provides the incumbent with significant incentives to invest in NGA 
networks. However, regulatory certainty bears the risk of erroneous intervention. 
An initial erroneous prediction for future industry profits, NGA penetration and 
technological changes may result in either incumbents‘ inability of recouping their 
investment costs or excessive prices that distort competition. According to WIK 
(2009), it is socially not optimal for the regulator to make ex ante commitments for 
an unreasonably long regulatory period. Therefore, in providing greater regulatory 
certainty the regulator has to make another trade-off between the positive effects 
of greater certainty on investment incentives and possible negative effects of 
erroneous intervention on welfare (OPTA, 2010). 

                                                            
1
  For a recent and comprehensive review of the related literature, see Cambini and Jiang (2009). 

2
  For an extensive review of all the factors influencing the riskiness of an NGA investment project, 

see ERG (2009), pp. 17-18; WIK (2009), pp.1-7; and EC (2010), page 18. 
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In this paper, we use a simple method for calculating the risk premium that fully 
compensates the incumbent for the regulatory risk it incurs when investing in 
NGA, as well as, a similar method for incorporating such a risk premium into the 
access pricing formula. Then, we assess the impact of regulatory uncertainty on 
investment incentives, competition level and social welfare when: (i) the regulator 
discloses the access pricing formula after the announcement of the regulatory 
period; and (ii) the access pricing formula is of common knowledge. It is obvious 
that the first case requires ―maximum regulatory intervention‖, whereas the 
second case requires ―minimum regulatory intervention‖.   

In addition, the former case poses an additional uncertainty concerning the 
ambiguity for the access pricing formula which is not compensated by the 
regulators. Thus, it is expected that the incumbent will choose a higher NGA 
investment level when the access pricing formula is of common knowledge rather 
than when the regulator discloses the access pricing formula after the 
announcement of the regulatory period.  

The goal of this paper is to test the validity of the expectations regarding (i) the 
positive impact of a longer regulatory period; and (ii) the negative impact of an 
ambiguity for the access pricing formula, on the incumbent‘s incentives to invest 
in NGA networks. Based on the obtained results, this paper also assesses the 
impact of a longer regulatory period and the ex ante knowledge of the access 
pricing formula on the levels of competition and social welfare in order to make 
implications about the optimal regulatory policy that tackles the trade-off between 
encouraging investments in NGA networks and promoting efficient competition.      

The rest of the paper is organized as follows. Section 2 gives an outline of the 
basic assumptions and definitions of the model. Sections 3 and 4 present the 
results obtained by maximum and minimum, respectively, regulatory intervention. 
Section 5 compares the results of the two regulatory approaches, whereas 
Section 6 conducts a risk and a sensitivity analysis in order to evaluate the impact 
of cost uncertainty and the uncertainty for the expected regulatory period on each 
period that maximizes investments, competition and social welfare. The last 
section summarizes the key findings and justifies regulatory implications. 

 

2. The model 

The aim of this paper is to examine the impact of the length of the regulatory 
period on NGA investment level, competition level and social welfare. We 
assume that the retail (downstream) market is characterized as an unregulated 
duopoly market in which an incumbent (the subsidiary firm of the upstream 
monopolist) and an entrant (the independent firm) compete á la Cournot. The 
inverse demand function is given by 

1 2
( )p A X q q    , where p  is the retail 

market price, A is the reservation price when no investment has taken place, X 
reflects the extent of NGA deployment undertaken by the incumbent and 

1
q  and 

2q  are the quantities supplied by the incumbent and the entrant respectively.3 

Therefore, an increase in the level of NGA investment leads to higher consumers‘ 
willingness to pay. In other words, there is an outward parallel shift in the demand 
curve, which benefits both retailers.  

                                                            
3
  Nitsche and Wiethaus (2010) also assume Cournot competition in the retail market using the 

same inverse demand function. 
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The NGA deployment is continuous where a larger X reflects a fibre deployment 
closer to the consumers‘ premises and/or a larger geographic coverage within a 
given market area. The incumbent faces a quadratic NGA investment cost with 

respect to X, given by 2( ) / 2c X X , with 0  . The convex form reflects the fact 

that fibre deployment becomes marginally more expensive as  (i) it is being laid 
down towards consumers‘ premises and/or  (ii) it is extended to rural, less 
densely populated areas. It is further assumed that all the other costs of 
production and distribution are equal for both retailers and normalized to zero. 
Therefore, the profits functions of the incumbent (firm 1) and the entrant (firm 2) 
are given, respectively, by 

1 1

2

2
/ 2p wq q X                   (1) 

2 2
( )p w q                    (2) 

where w represents the access price paid by the entrant to the incumbent in order 
to have access to the local loop.  The model described by Eqs. (1) and (2) is 
widely used in the literature of access regulation and investment incentives. 
However, it neglects the fact that the regulator‘s choice to provide greater 
flexibility or certainty affects both the NGA investment level and the access price. 

It is assumed that the NGA investment level X corresponds to a particular 
certainty level resulted by the incumbent‘s assumption that the regulator will set 
the regulatory period at the expected (based on past experience) level. We 
denote this expected certainty level as n. Therefore, the NGA investment level X 
is obtained by the regulatory policy that sets the length of the regulatory period m 
equal to the expected one, i.e. m=n. If the regulator sets the length of the 
regulatory period m to a lower (respectively, higher) level that n, then it is 
expected that the NGA investment level will be lower (respectively, higher) than 
X. As a result, we can state that ( / )R m n XX  , where RX  represents the NGA 

investment level that takes account of the regulatory uncertainty. 

However, the regulator‘s choice to provide greater flexibility or certainty does not 
only affect the NGA investment level, but also the access price. Like Nitsche and 
Wiethaus (2010) we assume that the incumbent is allowed to recoup investment 
costs through the access price and it will consider this link when determining 
investments. In particular we adopt the approach of Sarmento and Brand o 
(2007) that the regulator sets an access price w  equal to the marginal cost of 

providing the access plus the average cost of the investment. In addition, we 
incorporate a risk premium into this access pricing formula that takes account of 
the regulatory uncertainty. A higher (respectively, lower) m implies a lower 
(respectively, higher) regulatory uncertainty. Since the risk premium should 
compensate the incumbent for the regulatory risk, the regulator has to set a risk 
premium positively correlated with the regulatory uncertainty. Thus, the proposed 
risk premium is given by ( / )R n m ww  , where w  represents the access pricing 

formula proposed by Sarmento and Brand o (2007). 

According to OPTA (2010) ―from the perspective of an investor, uncertainty is 
only reduced (and hence certainty is provides) when the regulators discloses 
intended regulatory intervention before the investment is made‖. Therefore, we 
consider the following timing of the game: 

 Firstly, the regulator discloses intended regulatory intervention. 
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 Secondly, the incumbent decides the investment level X that maximizes its 
profits. 

 Finally, the retail price and outputs of the firms are defined by Cournot 
competition between downstream firms. 

The backward induction technique is used to find the equilibrium of the whole 
game. Hence, the analysis begins with the computation of the retail price and the 
outputs of the firms. Then, using these results, the incumbent‘s optimal 
investment level is obtained. Finally, based on the previous information, the 
optimal regulatory intervention is derived. In particular, we discriminate between 
two cases according to the range of the intended regulatory intervention. In the 
first case (section 3), we assume that the regulator sets the optimal regulatory 
period and then announces the access pricing formula, whereas in the second 
case (section 4), we assume that the access pricing formula is of common 
knowledge and hence the intended regulatory intervention only concerns the 
regulation of the regulatory period. The derivation of all explicit and implicit 
formulas is available from the authors upon request.    

 

3. Case A - Maximum regulatory intervention 

In this section, we assume maximum regulatory intervention which implies that 
the regulator initially sets the regulatory period and then chooses the access 
pricing formula. Based on this assumption, this section examines the impact of 
the regulatory period on NGA investment level, competition level and social 
welfare. Last, it discusses the obtained results from industrial, social and 
regulatory perspective.  

 

3.1. Retail competition outcomes 

According to the model described in section 2, the profits functions of the 
incumbent and the entrant are given, respectively, by 

1 1

2

2
/ 2RRpq qw X                   (3) 

2 2
( )Rp qw                   (4) 

Considering Cournot competition, the retail price and the output of the firms are 
the following: 

1
( ) / 3R RAq wX                   (5) 

2
( 2 ) / 3R RAq wX                  (6) 

( ) / 3R RP A wX                   (7) 

 

3.2. NGA investment level 

The incumbent decides the NGA investment level that maximizes its profits. 
Therefore, substituting Eqs. (5)-(7) into Eq. (3) and taking the first order condition 
with respect to RX  yields: 

2 5

9 2

R
R

m A w
XX

n 


 


               (8) 



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 246 

or, in other words, 

(2 5 )

(9 2)

Rn A w
X

m 





                (9) 

From Eq. (8) it is deduced that an increase in the access price leads to an 
increase in the NGA investment level (ceteris paribus). In addition, note that 

0,22   ensures that the incumbent will not choose an infinite investment level.  

 

3.3. Regulatory settings 

In this section, we first derive the access pricing formula, as well as, its impact on 
competition, NGA investment level and social welfare. Based on the derived 
results, we then compute the optimal length of the regulatory period that 
maximizes social welfare. Regulatory implications concerning the obtained levels 
of NGA investment, competition and social welfare are also drawn.  

 

3.3.1. The access pricing formula 

Like Sarmento and Brandao (2007), it is assumed that the regulator sets an 
access price equal to the marginal cost of providing the access plus the average 
cost of the investment. Since the marginal cost of providing the access has been 
normalized to zero, the access price without the incorporation of any risk 
premium is equal the average cost of the investment, i.e. / 2Rw X . However, 

this paper incorporates into the access price a risk premium that takes account of 
the regulatory uncertainty. Given that ( / )R n m ww   and ( / )R m n XX  , the optimal 

access price that incorporates a risk premium is given by: 

/ 2R Xw                 (10) 

Substituting Eq. (9) into Eq. (10) and solving with respect to Rw  gives the optimal 

access price that incorporates a risk premium as a function of the regulatory 
period m: 

2

18 4 5
R

A n
w

m m n



 


 
             (11) 

From Eq. (11) it can be concluded that there is a negative correlation between the 
length of the regulatory period and the optimal access price. Indeed, as the 
regulatory period increases, the denominator of Eq. (11) also increases as long 
as 0,22  . As a result, the optimal access price decreases with an increase in 

the regulatory period.  

 

3.3.2. The optimal regulatory period 

In order to assess the impact of an increase in the regulatory period on the NGA 
investment level, we substitute Eq. (11) into Eq. (8). Hence, we obtain the optimal 
NGA investment level as a function of the length of the regulatory period4: 

                                                            
4
 Superscript ―A‖ characterizes an outcome derived by case A (maximum regulatory intervention), 
whereas superscript ―B‖ characterizes an outcome derived by case B (minimum regulatory 
intervention). 
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4

18 4 5

A
R

Am
X

m m n 


 
             (12) 

Taking the partial derivative of Eq. (12) with respect to m gives the change in the 
optimal NGA investment level caused by a marginal change in the length of the 
regulatory period: 

2

20

(18 4 5 )

R A nX

m m m n



 

 


  
             (13) 

It is obvious that a marginal increase (respectively, decrease) in the regulatory 
period leads to a decrease (respectively, increase) in the optimal NGA investment 
level. This implies that regulatory certainty provides the incumbent with 
disincentives to invest in NGA networks. The interpretation of this surprising and 
unexpected result is that a higher regulatory period has a negative effect on the 
level of the access price, which leads to lower incumbent‘s profits. This result 
outweighs the positive effect of a higher regulatory period on the consumers‘ 
willingness to pay which positively affects the incumbent‘s profits. Since the 
incumbent undertakes the NGA investment level that maximizes its profits, it is 
reasonable that it will deploy a smaller NGA network as the regulatory period 
becomes longer. 

In addition, substituting Eqs. (8) and (11) into Eqs. (5)-(7) gives the retail price 
and the output of the firms as a function of the regulatory period: 

1

(6 )

18 4 5

A m n
q

m m n



 




 
              (14) 

2

3 (2 )

18 4 5

A m n
q

m m n



 




 
             (15) 

1 2

4 (3 )

18 4 5

A A m n
qq q

m m n



 


 

 
            (16) 

(6 )

18 4 5

A m n
P

m m n



 




 
              (17) 

Assumption 1. Let 2 0m n  .  

This assumption guarantees that the optimal regulatory period is set at a level 
that does not foreclose the entrant from the retail (downstream) market. This 
implies that 0,5   is a necessary condition in order to ensure that the 

denominator of Eqs. (14)-(17) is positive when 2 0m n  . By taking the partial 

derivatives of Eqs. (14) and (15) with respect to m, we can deduce that a 
marginal increase in the regulatory period causes the incumbent‘s output to 
decrease and the entrant‘s output to increase. Concerning the total output, it can 
be concluded that it increases with an increase in the regulatory period if 1,33  . 

Since the level of the total output can be used as a measure of the competition 
level, we can infer that as far as 1,33   the competition level increases with an 

increase in the regulatory period.  

This implies that if 1,33   both the NGA investment level and the competition 

level decrease with an increase in the regulatory period. As a result, the optimal 
regulatory policy is to set the regulatory period at its lower feasible level, which is 
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/ 2m n . However, such a policy forecloses the entrant from the retail market. 

Therefore, we make the following assumption: 

Assumption 2. Let 1,33  .  

This assumption guarantees that there is a trade-off between encouraging 
investments in NGA networks and promoting competition. In particular, as the 
regulatory period increases, the competition level increases and the investment 
level decreases.  

We have already studied the impact of the regulatory period on the levels of NGA 
investment and competition. We have concluded that no regulatory period is 
capable of achieving the simultaneous maximization of competition and 
investments. Thus, we study the impact of regulatory period on social welfare 
since this policy provides intermediate results in terms of NGA investment level 
and on the subsequent competition level, while is widely used by regulators, 
policy makers and economists. 

Social welfare is the unweighted sum of both providers‘ profits and consumer 
surplus. Given that under Cournot competition the consumer surplus is given by 

2
( ) / 2CS q , social welfare is: 

2 2 22

2

4 (36 3 2 21 )

(18 4 5 )

A mnm n mA
SW

m m n

   

 

  


 
           (18) 

Therefore, the partial derivative of Eq (18) with respect to m is the following: 

22

3

4 [ (18 64) 3 (8 )]

(18 4 5 )

SW n m nA

m m m n

 

 

   


  
           (19) 

From Eq. (19) we deduce that as the length of the regulatory period increases, 
social welfare increases until it reaches its maximum level and then decreases. 
The optimal regulatory period that maximizes social welfare is given by:   

3 (8 )

2(32 9 )

n
m









              (20) 

A longer regulatory period than the optimal one has a negative effect on both 
NGA investment level and social welfare. In addition a shorter regulatory period 
than the optimal one negatively affects social welfare and positively affects NGA 
investment level. Therefore, in the last case the regulator has to make a trade-off 
between the positive effects of greater flexibility on investment incentives and 
possible negative effects of erroneous intervention on welfare.  

Considering this optimal regulatory period, the optimal output of the firms, as well 
as, the optimal NGA investment level are the following: 

1 2

20

9 31 24

A
q






 
              (21) 

2 2

3 (3 4)

9 31 24

A
q

 






 
              (22) 

2

(9 8)

9 31 24

A
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              (23) 
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2

3 (8 )

9 31 24
R

A
X








 
              (24) 

Assumption 3. Let 1,33 3,55  . 

As noted earlier, the lower bound of this inequality guarantees that the regulatory 
policy does not foreclose the entrant from the retail market, while it ensures that 
the denominator of Eqs. (21)-(24) is positive. The upper bound of this inequality 
guarantees that the length of the optimal regulatory period and the NGA 
investment level are both positive.  

An interesting result obtained by Eq. (20) is that the optimal regulatory period is 
positively affected by n and  . Hence, as the NGA investment becomes 

marginally more expensive, the optimal regulatory period increases. In addition, 
for relative high values of  , the optimal regulatory period increases with a 

significant increasing rate. Indeed, the derivative of Eq. (20) with respect to   is 

given by 
2

60 /(9 32)n   . As a result, as   increases, the optimal regulatory period 

increases with an increasing rate. In particular, it is proven that it is socially 
optimal for the regulator to provide a greater (respectively, lower) than expected 
certainty if the rate at which an NGA investment becomes marginally more 
expensive is higher (respectively, lower) than 2,66. 

Concerning the impact of the optimal regulatory period on the total output, it can 
be deduced that if 2,46  , a higher   leads to a higher total output, or in other 

words, to a higher competition level. On the contrary, if 2,46   a lower   leads 

to a higher competition level. 

Concerning the impact of   on social welfare, it is deduced that as   and m 

increase, social welfare decreases. The same result is obtained by examining the 
relationship between   and RX . In particular, as the NGA investment becomes 

marginally more expensive, the regulator sets a longer regulatory period which 
leads the incumbent to deploy a smaller NGA network. The rationale of this 
surprising result is that the access price derived by the optimal regulatory policy 
concerning the regulatory period is negatively affected by an increase in  . The 

reason is that as   increases, m increases as well, which implies that the access 

price decreases. The combination of an increasing marginal investment cost and 
a high regulatory period leads the incumbent to deploy a smaller network. 

 

3.3.3. Discussion 

The study of the impact of regulatory period on investment incentives, 
competition level and social welfare provides some very significant results 
concerning the regulatory dilemma between providing greater certainty or greater 
flexibility. The main conclusion is that there is a trade-off between encouraging 
investments in NGA networks and fostering efficient competition. Another 
significant and unexpected result is that greater regulatory certainty leads to 
lower NGA investment levels and to higher competition levels.  

In the following section we discuss the impact of the regulatory period on 
investment incentives, competition level and social welfare assuming minimum 
regulatory intervention, which implies that the regulator only sets the regulatory 
period since the access pricing formula is of common knowledge. The 
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comparison of the results of the two approaches (maximum and minimum 
regulatory intervention) will disclose the impact of the uncertainty incurred due to 
the ambiguity for the access pricing formula, which is not usually compensated by 
the regulators, on the levels of NGA investments, competition and social welfare. 

 

4. Case B - Minimum regulatory intervention 

This section examines the impact of the regulatory period on NGA investment 
level, competition level and social welfare assuming minimum regulatory 
intervention. This implies that the access pricing formula is of common knowledge 
and hence the profits functions of the incumbent and the entrant are given, 
respectively, by: 

1 1

2

2
( ) / 2Rp Xq q X                  (25) 

2 2
( / 2)p X q                 (26) 

Equations (25) and (26) have been derived by substituting Eq. (10) in Eqs. (3) 
and (4), respectively. 

 

4.1. Retail competition outcomes 

Considering Cournot competition, the retail price and the output of the firms are 
the following: 

1
( / 2) / 3RA Xq X                 (27) 

2
( ) / 3RA Xq X                 (28) 

( / 2) / 3RP A XX                 (29) 

 

4.2. NGA investment level 

The incumbent decides the NGA investment level that maximizes its profits. 
Therefore, substituting Eqs. (27)-(29) into Eq. (25) and taking the first order 
condition with respect to X  yields: 

2

2 2 2 2

5 4

5 18 10 4

A Amnn
X

A mnn m m



 




  
            (30) 

Therefore, 

2

2 2 2 2

5 4
[ ]
5 18 10 4

B
R

m m A Amnn
XX

n n A mnn m m



 


 

  
          (31) 

By taking the first derivative of Eq. (31) with respect to m, it can be deduced that 

RX  is a concave function of m. In particular, as m increases, RX  increases until it 

reaches its maximum level and then decreases. The maximum level of the NGA 
investment is given by5: 

[4 3 2(5 2)] / (18 4)
RX

n nm                   (32) 

                                                            
5
 The second root of the first derivate of Eq. (31) with respect to m is rejected since it leads to a 

negative regulatory period.  



Modeling the regulatory intervention in the telecommunications market 

251  M. Tselekounis 

Taking the first derivative of Eq. (32) with respect to   shows that as  increases, 

RXm  increases too. This implies that as the cost of the investment becomes 

marginally more expensive, the regulator provides greater regulatory certainty in 
order to maximize investments by the incumbent.  

 

4.3. Regulatory settings 

We have already mentioned above that the regulator‘s goal is not only to 
maximize investments, but also to maximize competition. Therefore, we also 
discuss the impact of the regulatory period in total output (and hence on 
consumer surplus). Substituting Eq. (31) into Eqs. (27) and (28) gives the output 
of the incumbent and the entrant, respectively, as a function of m:  

2 2

1 2 2 2 2

(12 2 5 )

2(5 18 10 4 )

A mnm n
q

mnn m m

 

 

 


  
           (33) 

2 2 2 2 2

3 (2 )

5 18 10 4

A m m n
q

mnn m m



 




  
            (34) 

Therefore, the total output is given by: 

2 2

2 2 2 2

(24 8 5 )

2(5 18 10 4 )

B A mnm n
q

mnn m m

 

 

 


  
           (35) 

By taking the first derivative of Eq. (35) with respect to m, it can be deduced that 
q  is a concave function of m. In particular, as m increases, q  increases until it 

reaches its maximum level and then decreases. The maximum level of the total 
output is given by6: 

2 2
[15 10 3 5(5 12 4)] / (48 16)q n n nm                    (36) 

Taking the first derivative of Eq. (36) with respect to   shows that as  increases, 

qm  increases too. This implies that as the cost of the investment becomes 

marginally more expensive, the regulator provides greater regulatory certainty in 
order to maximize the competition level.  

The comparison of qm  and 
RXm  shows that 

Rq Xm m  for all admissible values of 

 .7 This implies that the minimum regulatory period that the regulator should set 

is 
RXm  and the maximum is qm . The rationale of this implication is that as long as 

RXm m
8, an increase in m causes both levels of NGA investment and 

competition to increase, whereas when qm m , a further increase in m causes 

both levels of NGA investment and competition to decrease. Another very 
significant result is that there is a trade-off between encouraging investments and 

                                                            
6
 The second root of the first derivate of Eq. (35) with respect to m is rejected since it leads to a 

negative regulatory period. 

7
 0,5   is sufficient to ensure that the denominator of Eqs. (30) and (33)-(35) is positive when m 

reaches its minimum level, that is / 2m n . However, we assume that 1,33 3,55   in order to 

make the results of sections 3 and 4 comparable.  

8
  It is proven that / 2

RX
nm   for 0,5   and hence the regulator can set  ( , )

2
RX

n
m m . 
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promoting competition as long as 
R qX

mm m  . In this case, an increase in the 

regulatory period causes the NGA investment level to decrease and the 
competition level to increase. Therefore, we conclude that the regulator cannot 
achieve the maximization of both investments and competition unless it sets the 
regulatory period at the level that forecloses the entrant, i.e. / 2m n , since in this 

case  
Rq Xm m .  

In addition, it is found that the regulatory period that maximizes competition is 
higher than the expected period as long as assumption 3 holds, whereas the 
regulatory period that maximizes investments is higher than the expected one as 
long as 2,341  . This implies that for relative high values of  , the optimal 

regulatory policy is to set m at a higher level than the expected one since the 
minimum level of regulatory period is 

RXm . 

However, qm  and 
RXm  are extremely biased towards either competition or 

investments, respectively. Thus, we discuss the impact of regulatory period on 
social welfare which provides intermediate outcomes and can be used as a 
measure of comparison of the results obtained by different regulatory 
approaches. Social welfare is given by: 

3 2 24 2 2 3 4 3 2 2 42

22 2 2 2

(75 500 180 1152 832 96 64 )

8(5 18 10 4 )

B m nn m n n m m m n mA
SW

mnn m m

     

 

     


  
       (37) 

It is obvious that it is not possible to derive closed-form solutions for the optimal 
values of m that maximize social welfare due to the high complexity. Thus, we 
use numerical simulations in order to derive the optimal regulatory period that 
maximizes social welfare, as well as, the subsequent levels of NGA investment 
and competition.  

The following table shows the regulatory period that maximizes: (i) the NGA 
investment level; (ii) the competition level (total output); and (iii) social welfare, for 
different values of   (1,33 3,55  ). It also shows the subsequent levels of NGA 

investment and competition derived by the regulatory policy that maximizes social 
welfare.9   

 

Table 1 The effect of   on the optimal regulatory period and on the subsequent outcomes 

(minimum regulatory intervention) 

  
RXm  qm  swm  SW

RX  SW
q  SW  

1,4 3,2 4,58 4,32 31,47 47,52 2049 

1,8 3,57 5,65 5,28 22,46 43,21 1743 

2,2 3,89 6,69 6,24 17,56 40,91 1588 

2,6 4,18 7,73 7,20 14,45 39,49 1494 

3,0 4,44 8,76 8,17 12,29 38,52 1431 

3,4 4,69 9,78 9,15 10,70 37,81 1385 

                                                            
9 The assumed parameters are 50A   and 4n  . These values are used in every numerical example 

presented in this paper in order to make the results comparable.  
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A number of observations derived by the analysis of Table 1 are instructive. First, 
the above table confirms that an increase in   causes both qm  and 

RXm  to 

increase. Second, it can be concluded that as   increases, the optimal regulatory 

period that maximizes social welfare ( swm )increases too. This implies that 

regardless of the particular value of  , social welfare increases with an increase 

in m until it reaches its maximum level and then decreases. Not surprisingly, 
although 

R sw qXm m m  , the regulatory period that maximizes social welfare is 

biased towards consumer surplus. Last, the subsequent levels of NGA 

investments ( SW
RX ), total output (

SW
q ) and social welfare ( SW ) resulted by the 

regulatory policy that maximizes social welfare, decrease with an increase in  . 

In the following section, we compare the results obtained by the two approaches 
(maximum and minimum regulatory intervention) in order to assess the impact of 
the ambiguity for the access pricing formula on NGA investments, competition 
and social welfare. 

 

5. Comparison of the two regulatory approaches  

Initially, we examine the impact of the ambiguity for the access pricing formula on 
the incumbent‘s incentives to invest in NGA networks. Therefore, the comparison 

of Eqs. (12) and (31) shows that B
RX  is higher than A

RX  for all admissible values of 

 and m. This implies that the ambiguity for the access pricing formula increases 

the regulatory uncertainty which negatively affects the incumbent‘s investment 
incentives. Figure 1 presents graphically the impact of the regulatory period on 
NGA investment level for each of the two regulatory approaches studied in this 
paper. 

 

Figure 1 The impact of the regulatory period on NGA investment level ( 2  ) 

Figure 1 shows that when the access pricing formula is of common knowledge, 
the NGA investment level is higher that the respective level of NGA investment 
derived when the regulator discloses the access pricing formula after the 
announcement of the regulatory period. In addition, the two levels of NGA 
investment are the same when / 2m n , which implies that the regulatory policy 

forecloses that entrant from the retail market. Not surprisingly, an increase in the 
regulatory period causes the NGA investment level to decrease under maximum 
regulatory intervention, whereas under minimum regulatory intervention the NGA 
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investment curve initially increases with an increase in m, reaches its maximum 
level and then decreases. 

Concerning, the impact of the ambiguity for the access pricing formula on the 

total output, the comparison of Eqs. (16) and (35) shows that 
A

q =
B

q  for 1 / 2nm   

and 2 / 4nm  . This implies that when 2  , 
B A

q q . If on the contrary, 2  , 
B A

q q  for 2m m  and 
B A

q q  for 1 2mm m  . Figure 2 presents graphically the 

impact of the regulatory period on total output for each of the two regulatory 
approaches studied in this paper. 

                       

                     Figure 2a The impact of the regulatory period on  

total output ( 1,5  ) 

 

Figure 2b The impact of the regulatory period on total 

output ( 3,4  ) 

It is obvious that in the first case of figure 2, the total output derived by minimum 
regulatory intervention is higher that the respective level of total output derived by 
maximum regulatory intervention. This implies that the optimal policy for the 
regulator is to provide a stable regulatory environment in which the access pricing 
formula would be of common knowledge. On the contrary, when 2   the 

regulator should set 2m m in order to avoid another trade-off between disclosing 

the access pricing formula after the regulation of the regulatory period (a policy 
that fosters competition) and providing a stable regulatory environment (a policy 
that encourages investments in NGA networks).  

Last, we discuss the impact of the ambiguity for the access pricing formula on 
social welfare. The comparison of Eqs. (18) and (37) shows that there is a high 

complexity for concluding either that B A
SW SW  or B A

SW SW . For this reason 

we use numerical simulations by substituting the values of   used in Table 1 into 

Eq. (20) in order to calculate the optimal regulatory period under maximum 
regulatory intervention. Therefore, we focus on the comparison of the levels of 
social welfare derived by the regulatory policy that aims at maximizing social 
welfare rather than on the comparison of the levels of social welfare for every 
admissible value of m and  .The obtained results are presented in Table 2.  
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Table 2 The effect of   on the optimal regulatory period and on the subsequent outcomes 

(maximum regulatory intervention) 

  
swm  SW

RX  SW
q  SW  

1,4 2,04 26,72 38,93 1729 

1,8 2,35 15,25 35,72 1483 

2,2 2,85 9,91 34,84 1372 

2,6 3,76 6,89 34,75 1311 

3,0 6,00 5,00 35,00 1275 

3,4 19,71 3,72 35,38 1251 

 

From Table 2 it is deduced that as  increases the optimal regulatory period that 

maximizes social welfare ( swm ) increases, whereas the subsequent levels of NGA 

investments ( SW
RX ) and social welfare ( SW ) decrease. Concerning the impact of 

an increase in   on 
SW

q , recall from section 3.3.2. that total output increases with 

an increase in as long as 2,46   and decreases with an increase in  as long 

as 2,46  .  

The comparison of the results presented in Tables 1 and 2 shows that the optimal 
regulatory period that maximizes social welfare is higher under minimum than 
maximum regulatory intervention except from very high values of the rate at 
which the investment cost becomes marginally more expensive. However, the 
derived results in terms of NGA investment level, total output and social welfare 
are always higher under minimum regulatory intervention than under maximum 
regulatory intervention. In other words, the ambiguity for the access pricing 
formula has a negative effect on NGA investment level, competition level and 
social welfare as long as the regulator sets the regulatory period at the level that 
maximizes social welfare.  

 

Proposition 1. As long as the regulator chooses the regulatory policy that 
maximizes social welfare, it should provide minimum regulatory intervention.  

 

Proposition 1 states that the regulatory policy that maximizes social welfare is to 
make the access pricing formula be of common knowledge. Such a policy not 
only maximizes social welfare but also leads to better results in terms of both 
NGA investments and competition. However, it is obvious that the final outcome 

is biased towards competition since swm  is much closer to qm  than to 
RXm .  

 

6. Risk and sensitivity analysis  

The main conclusion of the previous section is that the optimal regulatory policy is 
to provide minimum regulatory intervention. In other words, a stable regulatory 
environment positively affects both NGA investments and competition. However, 
the analysis concerning the regulatory policy that provides minimum intervention 
was based on the assumption that the exact values of   and n are known to the 
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incumbent and the regulator. Therefore, it was assumed that the incumbent and 
the regulator have perfect information about the investment cost and the 
expected regulatory period. Unfortunately, in fact the exact values of   and  n  

are not of common knowledge and hence the regulator, as well as, industry firms 
make their optimal decision under uncertainty.  

This section provides a risk analysis in order to assess the impact of the 
uncertainty for the exact values of   and  n on the optimal levels of regulatory 

periods that maximize NGA investments and total output as described in Eqs. 
(32) and (36). This section also conducts a sensitivity analysis in order to 
evaluate the significance of   and  n on the aforementioned levels of regulatory 

periods. The results obtained by the risk analysis are presented in Figure 3, 
whereas the results obtained by the sensitivity analysis are presented in Figure 
4.10 

                          

                      Figure 3a The results of risk analysis on 
RXm  

 

       Figure 3b The results of risk analysis on qm  

Figure 3a shows that the probability of setting the regulatory period that 
maximizes NGA investments at a higher level than the mean value of the 
expected one (i.e. n=4) is almost 50%. On the contrary, Figure 3b shows that the 
regulator is expected to set the regulatory period that maximizes competition at a 
higher level than the mean value of the expected one.  

Sensitivity analysis helps us to interpret the results of risk analysis. In particular, 
Figure 4 shows the impact of each uncertain parameter (  and  n) on the optimal 

levels of regulatory periods that maximize NGA investments and total output. It is 
obvious that n rather than   has a more significant impact on qm  and 

RXm . In 

addition, a marginal change in n causes almost the same deviation in qm  and 

RXm .  On the contrary, although the effect of  on qm  and 
RXm  is lower than the 

respective impact of n on qm and 
RXm , a marginal change in   has a greater 

impact on qm  rather than on 
RXm .   

                                                            
10

  We have assigned a uniform distribution to the uncertain parameter  and a normal distribution 

to the uncertain parameter n (mean value: 4; standard deviation: 1,4). 
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Figure 4a The results of sensitivity analysis on 

RXm  

                        

 

              Figure 4b The results of sensitivity analysis 

on qm  

Since we have already proved that swm  is much closer to qm  than to 
RXm , it is 

expected that the overall uncertainty will have a significant impact on the optimal 
regulatory period that maximizes social welfare.  

 

7. Conclusions  

The aim of this paper was to examine the impact of regulatory uncertainty on an 
incumbent‘s incentives to invest in NGA networks and on the subsequent 
downstream competition level. Thus, it proposed a method for calculating the risk 
premium which compensates the investor for the regulatory risk it incurs when 
investing in NGA networks. The proposed method is based on the comparison of 
the regulated period with the expected one. A longer (respectively, shorter) period 
than expected leads to a lower (respectively, higher) risk premium. We 
discriminated between two cases according to whether the regulator discloses 
the access pricing formula (maximum regulatory intervention) after the regulation 
of the regulatory period or this formula is of common knowledge (minimum 
regulatory intervention).  

In the former case, a longer regulatory period (greater regulatory certainty), leads 
the incumbent to deploy a smaller NGA network, which in turn results to a higher 
competition level. Therefore, there is always a trade-off between encouraging 
NGA investments and promoting effective competition. The rationale of this 
surprising and unexpected result concerning the NGA investment level is that a 
longer regulatory period leads to a lower access price, which in turn leads to a 
decrease in the incumbent‘s profits. The impact of a lower access price on the 
incumbent‘s profits outweighs the positive impact of higher regulatory certainty on 
consumers‘ willingness to pay. Therefore, the incumbent is better off by deploying 
a smaller NGA network as the regulator provides a longer regulatory period in 
order to offset the higher marginal investment cost. 

In the latter case, an increase in the regulatory period causes the levels of both 
NGA investment and competition to increase until they reach their maximum 
levels and then to decrease. It is found that the regulatory period that maximizes 
competition is always higher than the respective level of regulatory period that 
maximizes NGA investment. This implies that the former period is the highest 
period that a regulator should set, whereas the latter period is the lowest period 
that a regulator should set. However, there is also a trade-off between 
encouraging investments in NGA networks and promoting effective competition 
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since a marginal increase from the lowest to the highest regulatory period causes 
the investment level to decrease and the competition level to increase.  

The deduction from the two regulatory approaches is that although providing 
minimum than maximum regulatory intervention leads to more expected results 
and higher investment level, both approaches fail to tackle the trade-off between 
encouraging investments and promoting competition. For this reason, we 
assumed that the regulator sets the optimal regulatory period at the level that 
maximizes social welfare. The comparison of the results derived by the two 
approaches showed that the regulator should provide minimum than maximum 
intervention since this policy leads to better results in terms of NGA investments, 
competition and social welfare.  

However, the conclusions presented in this section were based on the 
assumption that there is perfect information about the investment cost and the 
expected regulatory period. In reality, the incumbent and the regulator may not 
have perfect information about the investment cost and the expected regulatory 
period. For this reason, we also conducted a risk and a sensitivity analysis in 
order to evaluate the significance of these uncertain parameters on the optimal 
regulatory periods that maximize investment, competition and social welfare, as 
well as, the probability of success of every feasible regulatory period. The main 
conclusion was that the uncertainty about the expected period has a more 
significant impact on the optimal regulatory periods than cost uncertainty. In 
addition, it was found that the regulatory period that maximizes competition is 
more vulnerable to cost uncertainty than the regulatory period that maximizes 
investments. Therefore, it is expected that the overall uncertainty will have a 
significant impact on the optimal regulatory period that maximizes social welfare 
since this period is biased towards the period that maximizes competition than 
the respective period that maximizes investments.  
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Abstract— This paper discusses the impact of the first-mover advantage on the 
optimal access price that maximizes social welfare. Thus, it compares the results 
derived when (a) the incumbent; and (b) the entrant, is the Stackelberg leader in 
the downstream market. It proves that regardless of which firm is the leader, the 
optimal regulatory policy is to set the access price to the marginal cost of 
providing the access (first best) since this policy provides zero profits for both 
firms. Any deviation from this policy leads either the incumbent or the entrant to 
make a loss and hence to exit the market. 

 

Index Terms—Access pricing, Local loop, Competition, Social welfare 
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I. INTRODUCTION 

The deregulation of network industries, such as telecommunications, raises 
several questions about the conditions of access to incumbent firm‘s network. 
Without access price regulation, when the incumbent firm is a monopolist in the 
provision of an essential input (network access) and also a supplier of final 
products, there is an obvious danger that this integrated firm will seek to exclude 
competing final product suppliers by setting high access prices, thereby raising 
rivals‘ costs [1], [13]. This strategy is known as price squeeze. 

Suppose that a new Internet Service Provider (ISP) wants to enter a market 
monopolized by an incumbent. In this case, the new ISP (the new entrant) can 
either lease incumbent‘s facilities or create its own network in order to supply its 
services to its consumers. Figure 1 depicts graphically the framework that we are 
presenting.  

 

Fig. 1.   The framework of access pricing 

The monopolist owns all the links between points A1, A2, A3, etc and B that 
represent the local loop. All of the local consumers A1, A2, A3 , etc  must use the 
monopolist‘s local loop to communicate with point C, which may be a website or 
another switch. The same firm that provides access to local loop also provides 
service from points A1, A2, A3, etc., through switch B to point C.  

Therefore, the new entrant can lease the incumbent‘s backbone facilities between 
BC (drawn in bold) and the links A1B, A2B, etc. in order to supply its consumers 
with the "through" service ABC (and CBA). In this case, the new entrant pays an 
access price for leasing the facilities. Alternatively, the new entrant can invest in 
its own network. However, that rival owns only facilities between BC since the 
local loop is still monopolized by incumbent due to its high fixed cost. As a result, 
the new entrant requires access to (through) the switch in order to provide the A1, 
A2, A3, etc., customers with the "through" service ABC (and CBA). In this case, 
each provider pays an interconnection charge for having its traffic terminated on 
the rival network but the new entrant also pays an access price for having access 
to the local loop.  

The above access issues can be categorized into the two broader categories of 
access pricing problem: one-way access and two-way access. One-way access 
(or the access model) concerns the provision of bottleneck inputs by an 
incumbent network provider to new entrants, while two-way access (or the 
interconnection model) concerns reciprocal access between two networks that 
have to rely upon each other to terminate traffic [16]. In each case, policy makers 
intervene in the market in order to ensure that access price encourages the right 
amount of entry, efficient network investment and network utilization, while being 
manageable. The optimal access price in cases of  one-way access has been 
discussed in [4], [6], [7], whereas the optimal access price in cases of two-way 
access has been discussed in [8], [9], [11], [12]. 
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Our work is related to the literature on one-way access pricing under Stackelberg 
competition. Stackelberg model is an oligopoly model in which firms choose 
quantities sequentially. In our model there are only two firms and as a result it is 
described by Stackelberg duopoly: a model of duopolies under which two firms 
choose the quantity to produce with one firm (the leader) choosing before the 
other (the follower) in an observable manner. Stackelberg competition is widely 
applied to telecommunication market since: 

i. incumbent has already developed network facilities that cover the whole 
market whereas new entrants invest mainly in profitable areas. 

ii. incumbent was the only provider in the market before entry occurs. 
Therefore, it is reasonable that incumbent will have the largest market share 
due to the existence of switching costs.   

As a result, incumbent supplies its consumers and then provide the unused 
network facilities to new entrants in order to supply their consumers. For the 
above reasons, the incumbent is thought to be the Stackelberg leader. 

However, Ji-Ho Joo, Hyeon-Mo Ku & Jae-Cheol Kim [6] support that in view of 
the recent regulatory trend that the incumbent, when requested, is obligated to 
provide its own bottleneck facilities to entrants, it is more reasonable to take the 
entrant than the incumbent as the one who plays a leader role. In other words, 
the incumbent‘s decision is dependent on the entrant‘s access request, which is 
taken into account by the entrant in making its decision on facility lease. 

Previous works examine a certain instrument of setting the access price under a 
certain type of competition. In our paper, we examine the effect of each type of 
Stackelberg competition (when the incumbent is leader and when the new entrant 
is leader) on the social welfare. Then, we compare the results in order to draw 
regulatory implications. As a result the regulator has a broader knowledge about 
the possible outcomes that result from the competition between incumbent and 
new entrant. Hence, regulator can take the necessary measures in order to 
maximize social welfare and encourage the right amount of entry based on an 
elaborate analysis of the possible scenarios. 

We have to note that our work also differs from previous works in another point:  

Related works focus their attention on telephone services. They suppose that the 
incumbent supplies services in an upstream (local telephone service) market, 
while both the incumbent and the new entrant supply services in a downstream 
(long-distance telephone service) market. In the downstream market, new entrant 
needs access to upstream networks in order to supply services. Thus, it pays an 
access price for leasing the facilities. In this case, links A1B, A2B, etc. represent 
the upstream market whereas BC represents the downstream market. As a 
result, demand for long-distance services is independent to that of local services. 
On the contrary, our work focuses on broadband services and especially on 
charging the access to the local loop.  Both incumbent and new entrant supply 
broadband services, but the new entrant needs access to the local loop, which is 
monopolized by the incumbent.  In this case, there is a unique service (the 
broadband service) with its own demand. 

The sections of the paper will assume the following: 

• Each provider has its own network in order to supply internet services in the 
market. However, the entrant pays an access price α to the incumbent for 
having access to the local loop, which is monopolized by the incumbent.  
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• The regulator sets the optimal access price that maximizes social welfare W 
and then the providers determine their production levels that maximize their 
profits. 

• One unit of the facilities is required to supply one unit of the final product. 

• There is no outward parallel shift in demand due to an increase in the level of 
investment. 

• The price of the through service ABC (and CBA) is not subject to direct price 
regulation. 

• Since we focus on the access problem, the interconnections among peers 
are governed by "bill-and keep" arrangements; that is, they do not pay 
termination charges to each other [9].  

• The final services supplied by the providers are homogeneous. 

• We set up a linear model in order to derive intuitive implications of this game. 

Our analysis proceeds as follows: In section II, we set up a basic model. In 
section III, we present the model of Stackelberg competition of an entry game 
when the incumbent is leader and when the new entrant is leader. In section IV, 
we analyze the outcomes under each type of competition. In section V, we draw 
regulatory implications from the interpretation of the results presented in section 
IV. The final section summarizes the above implications from regulatory point of 
view. 

 

II. THE MODEL 

Let ,i eq q be the quantity supplied by the incumbent and the new entrant 

respectively.  The total quantity supplied by the providers is then i eq q q  . The 

demand function is given by ( )P P q . The cost function of the incumbent is 

( , )i i eC q q , whereas the cost function of the entrant is ( )e eC q . Incumbent’s profit is 

given by 

( ) ( , )i i e i i eP q q aq C q q    (1) 

and new entrant‘s profit is given by 

( ) ( )e e e e eP q q aq C q     (2) 

According to the linear model, demand function is 

i eP A Bq A Bq Bq      (3) 

where all parameters are strictly positive and cost functions are 

i b i a i a eC c q q qc c    (4) 

e b eC c q  (5) 

where bc  is the marginal cost of providing the complementary component and ac  

is the marginal cost of the access itself, and all are strictly positive. Note that 
since we focus on the effect of access price ( a ≥0 )  and the type of competition 

on the decisions of the providers, we have supposed that the providers have 
identical marginal cost of providing the complementary component.  
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We assume that regulator sets the optimal access price that maximizes social 
welfare W defined as the unweighted sum of profits and consumer surplus.  

We then consider two cases according to the type of competition between 
incumbent and new entrant after knowing the optimal access price. In the first 
case, the incumbent is Stackelberg leader and the new entrant is Stackelberg 
follower, while in the second case the new entrant is Stackelberg leader and the 
incumbent is Stackelberg follower. The Stackelberg leader moves first (decide its 
optimal capacity/output) and then the follower provider moves sequentially.  

 

III. COMPETITION BETWEEN THE TWO ISPS 

A. The incumbent is Stackelberg leader 

Substituting (3) and (4) in (1) gives the incumbent‘s profit function  

2

i i i e e b i a i a ei
Aq B Bq q aq c q q qq c c         (6) 

The first-order condition is  

0
2 2 2

i b a
bi

i

A c
B cq

q

a c a
     



 
 

(7) 

which gives the level of output (
i

q ) that maximizes profits for the incumbent, the 

leader.  

2

b a

i

A c
q

B

c 
  

(8) 

The incumbent supposes that the entrant will follow its best response and hence 
subtract it away from the market demand to find its residual demand curve. Using 
this residual demand curve, the incumbent defines the price P .  

4

3 2b aA c
P

c 


  
 

(9) 

Total output q  is the quantity that gives rise to price P  using the market demand 

curve D. 

3 3 2

4

b aA c
q

B

c   
  

(10) 

The entrant (the follower) produces the difference between total output ( q ) and 

the output produced by the leader.  

2

4

b a

e

A c
q

B

c  



 

(11) 

Substituting (8), (9) and (11) in (1) gives the incumbent‘s profits i , whereas 

substituting (8), (9) and (11) in (2) gives the new entrant‘s profits e . 

2 2 22 2 6 4 4

8

6 4 4b a a b b a b a
i

Ac A c c c A c aA

B

c c a a ac


   


      (12) 

2 2 22 2 2 4 4

16

2 4 4b a a b b a b a
e

Ac A c c c A c aA

B

c c a a ac


   


      (13) 
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The function that gives the consumer surplus (CS) for every access price is given 
by: 

2 22 218 6 9 12 49

32

6 12 4b a a b b a b aAc A c c c A cA a
CS

B

c c a a ac  


       (14) 

We have already mentioned that social welfare is defined as the unweighted sum 
of profits and consumer surplus. As a result, social welfare is the sum of (12), 
(13) and (14). Moreover, the change in social welfare caused by a marginal 
change in the access price is the sum of the changes in incumbent‘s profits, new 
entrant‘s profits and consumer surplus caused by a marginal change in the 
access price. The change in social welfare caused by a marginal change in the 
access price is given by: 

2

8

3b aA cW

B

c a

a

 




 
 

(15) 

The first order condition is 0
W

a





 which gives the level of access price that 

maximizes social welfare. 

*

2

3b aA c c





 
 

(16) 

Substituting (16) in (8) and (11) gives the optimal capacity decision of incumbent 
and new entrant respectively. 

*

2

b a

i

A c
q

B

c 
  

(17) 

*

2

b a

e

A c
q

B

c 
  

(18) 

The sum of (17) and (18) gives the optimal level of total output which gives rise to 
the price in the market. 

* b aA c
q

B

c 
  (19) 

*
b acP c   (20) 

Then, substituting (16) in (12), (13) and (14) gives the incumbent‘s profits, new 
entrant‘s profits and consumer surplus when the access price is set to its optimal 
level. 

2 22
* 2 2

4

2b a a b b a
i

Ac A c c cA

B

c c


  


 
 (21) 

2 22
* 2 2

4

2b a a b b a
e

Ac A c c cA

B

c c


 


  
 (22) 

2 22
* 2 2

2

2b a a b b aAc A c c cA
CS

B

c c 


  
 (23) 

 

B. The new entrant is Stackelberg leader 

Substituting (3) and (5) in (2) gives the new entrant‘s profit function  
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2

e e i e e b ee
Aq B Bq q aq c qq       (24) 

The first-order condition is  

0
2

e b a
be

e

A c
B cq

q

c
a


    



 
 

(25) 

which gives the level of output (
eq ) that maximizes profits for the new entrant, the 

leader.  

2

2

b a

e

A c
q

B

c  



 

(26) 

The new entrant supposes that the incumbent will follow its best response and 
hence subtract it away from the market demand to find its residual demand curve. 
Using this residual demand curve, the new entrant defines the price P . 

4

3 2b aA c
P

c 


  
 

(27) 

Total output q  is the quantity that gives rise to price P  using the market demand 

curve D. 

3 3 2

4

b aA c
q

B

c   
  

(28) 

The incumbent (the follower) produces the difference between total output ( q ) 

and the output produced by the leader.  

3 2

4

b a

i

A c
q

B

c  



 

(29) 

Substituting (26), (27) and (29) in (1) gives the incumbent‘s profits i , whereas 

substituting (26), (27) and (29)  in (2) gives the new entrant‘s profits e . 

2 2 22 2 14 12 12

16

14 12 12b a a b b a b a
i

Ac A c c c A c aA

B

c c a a ac


   


      (30) 

2 2 22 2 2 4 4

8

2 4 4b a a b b a b a
e

Ac A c c c A c aA

B

c c a a ac


   


      (31) 

The function that gives the consumer surplus (CS) for every access price is given 
by: 

2 22 218 6 9 12 49

32

6 12 4b a a b b a b aAc A c c c A cA a
CS

B

c c a a ac  


       (32) 

Once again, the level of access price that maximizes social welfare is given by 

*

2

3b aA c c





 
 

(33) 

Substituting (33) in (29) and (26) gives the optimal capacity decision of incumbent 
and new entrant respectively. 
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*
0

i
q   (34) 

* b a

e

A c
q

B

c 
  (35) 

The sum of (34) and (35) gives the optimal level of total output which gives rise to 
the price in the market. 

* b aA c
q

B

c 
  (36) 

*
b acP c   (37) 

Then, substituting (33) in (30), (31) and (32) gives the incumbent‘s profits, new 
entrant‘s profits and consumer surplus when the access price is set to its optimal 
level. 

2 22
* 2 2

2

2b a a b b a
i

Ac A c c cA

B

c c


  


 
 (38) 

2 22
* 2 2

2

2b a a b b a
e

Ac A c c cA

B

c c


 


  
 (39) 

2 22
* 2 2

2

2b a a b b aAc A c c cA
CS

B

c c 


  
 (40) 

 

IV. RESULTS INTERPRETATION 

The analysis of the outcomes 
*

i
q ,

*

e
q ,

*
q , *

P , *
i , *

e , *
CS  and *

W that stem from 

the access price that maximizes social welfare  gives us the opportunity to draw 
the following propositions:   

 

Proposition 1. The type of competition between the providers does not affect 
the optimal level of the total output, the price of the service, the total profits and 
the consumer surplus. As a result, it does not affect the social welfare.  

 

Equations (19) and (36) give the total output when social welfare is maximized 
under each type of Stackelberg competition. It is obvious that the type of 
competition does not affect the total output. 

Comparing (20) and (37) we infer that the type of competition does not affect the 
price of the service. 

As a result, it is reasonable to assume that the consumer surplus would be the 
same under each type of competition. Comparing (23) and (40) we conclude that 
the previous assumption is true. 

Last but not least, we note that the total profits are zero under each type of 
competition.  

Since social welfare is the sum of profits and consumer surplus, we infer that the 
social welfare is the same regardless of the type of competition between the 
providers. The implication is that the regulator and the consumers are indifferent 
to the type of competition between the providers. 
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  Proposition 2. The profits of each provider, which stem from the optimal 
access price, are affected by the difference between the access price and the 
marginal cost of providing the access. 

 

We have already proven that under each type of competition the price of the 

broadband service that maximizes social welfare is given by *
b acP c  . As a 

result, incumbent‘s profits are also given by * *( )i a eqa c    and new entrant‘s 

profits are also given by * *( )e a eqac   . It is obvious that if incumbent‘s profits are 

positive (negative), new entrant‘s profits are negative (positive), unless both 
providers‘ profits are zero.  

We have to note that when the optimal access price is equal to zero ( * 0a  ) or 

the optimal access price is negative ( * 0a  ), incumbent‘s profits are negative 

( * 0i  ) and new entrant‘s profits are positive ( * 0e  ).  However, when the 

optimal access price is positive ( * 0a  ) we have to discriminate between three 

cases: 

i. The level of the access price is higher than the marginal cost of providing the 

access, i.e. *
aa c  . As a result, * 0a b ac A P Aa c c      . In this case 

the price is above the point that the demand curve intersects the price axis 
and as a result no one consumer is willing to buy the broadband service. 

ii. The level of the access price is equal to the marginal cost of providing the 

access, i.e. *
aa c . As a result, * 0a b ac A P Aa c c      . In this case 

the price is equal to the point that the demand curve intersects the price axis 
and as a result the total quantity is zero. Of course, each provider‘s output 
and each provider‘s profits are zero. Furthermore, consumer surplus and 
social welfare are zero, too. Once again, no one consumer is willing to buy 
the broadband service. 

iii. The level of the access price is lower than the marginal cost of providing the 

access, i.e. *
aa c . As a result, * 0a b ac A P Aa c c      . In this case 

the price is below the point that the demand curve intersects the price axis 
and as a result incumbent‘s profits are negative and new entrant‘s profits are 
positive. As we have already mentioned, the total profits are zero. In this case 
the social welfare is equal to the consumer surplus which is positive. The total 
output is positive as well. Moreover, when the new entrant is considered as 
leader, the new entrant serves the whole market, whereas when the 
incumbent is Stackelberg leader, the two providers have gained the same 
market share. 

 

Proposition 3. The incumbent’s loss is minimized when the optimal access 
price is positive and the incumbent is Stackelberg leader. 

 

It is obvious that when * 0a  , incumbent‘s loss is lower than when * 0a   or 
* 0a  . The reason is that when * 0a  , the difference between the access price 

and the marginal cost of providing the access is minimized.  



Modeling the regulatory intervention in the telecommunications market 

M. Tselekounis 270 

However, from (21) and (38) we infer that the incumbent‘s loss is lower when the 
incumbent is the Stackelberg leader. 

The reason is that when the incumbent is leader, it accepts an additional marginal 
cost of α/2 in order to continue to produce the same level of output regardless of 
the level of access price (see equation 8). By accepting this additional marginal 
cost, the incumbent achieves not only to minimize its loss but also to minimize 
new entrant‘s profits. In addition, it achieves to have the same market share with 
the new entrant, whereas under the other type of Stackelberg competition the 
incumbent produces nothing.  

 

V. REGULATORY IMPLICATIONS 

The analysis of the above propositions leads to some very significant regulatory 
implications.  

First of all, the regulator is interesting in maximizing the social welfare. However, 
we have proven that the optimal access price causes the total profits to be zero 
and the consumer surplus to its maximum level. Since, this level of consumer 
surplus is the same under each type of Stackelberg competition, we infer that the 
social welfare is the same under each type of Stackelberg competition, as well. 
Hence, the regulator is indifferent to the type of competition between the 
providers, since each type leads to the same level of social welfare. In addition, 
consumers are also indifferent to the type of competition because the optimal 
price and the optimal total output are the same under each type of competition.  

Secondly, regulator intervenes in the market by setting the access price in order 
to prevent the incumbent from excluding the new entrant. It is obvious, that 
regulator aims at encouraging the right amount of entry that, in turn, increases the 
level of competition and the social welfare. However, from proposition 2 we infer 
that there are three cases in which the optimal price leads to a positive quantity 
demanded (there are consumers that are willing to buy the service): i) when 

* 0a  , ii) when * 0a   and iii) when * 0a   and *
aa c .  In all these cases the 

incumbent‘s profits are negative and as a result the incumbent exits the market. 
Hence, the new entrant is only one provider to supply the market. It is reasonable 
that the monopolist produces its profit maximizing quantity (monopoly quantity). In 
this case, the total output decreases, price increases and social welfare 
decreases. In conclusion, the final result is exactly the opposite of the initial aim 
of regulator. We have to note that this conclusion applies to all types of 
competition. As a result, the access price that maximizes social welfare fails to 
achieve an equilibrium point at which consumers are willing to buy the service 
and both providers‘ profits are positive.  

In conclusion, the unconstrained maximization of social welfare is proved to be an 
inefficient instrument of setting the access price regardless of the type of 
competition between the providers. As a result, we have explained why regulators 
do not apply the unconstrained maximization of social welfare in order to set the 
access price that encourages the right amount of entry.   

 

VI. CONCLUSION 

The role of regulator in telecommunication industry is versatile. Among several 
problems that it has to regulate is the choice of the optimal charge for access to 
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incumbent firm‘s network and especially to the local loop. The optimal access 
price should be the result of an elaborate analysis of the market structure, the 
type of competition, the objectives of regulator, the available instruments of 
setting the access price and their attributes. Usually, regulator sets the access 
price that encourages the right amount of entry, efficient network investment and 
network utilization, while being manageable and increases social welfare. 
However, none of the available instruments fulfill all the above objectives. Hence, 
regulator has to assess the possible outcomes of applying different instruments 
under different market conditions in order to choose the optimal access price.  

In this paper we proved that the access price that maximizes social welfare is the 
same under each type of Stackelberg competition. This optimal level of access 
price causes the social welfare to be the same under each type. However, the 
unconstrained maximization of social welfare is an ineffective instrument of 
setting the access price since it leads the incumbent to have loss and as a result 
to exit the market. Therefore, the regulator should apply alternative instruments 
for setting the access price that fulfill its aims.   

We have to note that this paper should be regarded as a complement to the 
existing ones that focus on other types of competition between the providers, 
such as Cournot and Bertrand competition, and other available instruments, such 
as the Efficient Component Pricing Rule (ECPR) and retail minus. 

The authors already work on modifying the assumption that the providers have 
identical marginal costs of providing the complementary component. Then, the 
results will be compared to the results of the application of alternative instruments 
under different types of competition.  
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