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1 Introduction
"Today, ICT1 is an integral part of almost every other sector of
the economy, and this key set of technologies represents as much as
40 percent of overall productivity growth."

(Viviane Reding, member of the European Commission
responsible for Information Society and Media, October 2008)2

Telecommunications ("external" ICT) has become an integral part of our every-day life.

In almost every industry, telecommunications is used for the communication with cus-

tomers and providers and also to offer information and to collect information. Moreover,

telecommunications provides the virtual and the physical infrastructure for connecting

regional markets worldwide, which results in a comprehensive integration of parallel

markets. In addition, telecommunications does not only influence existing industries

but it enables the establishment of new business models and completely new markets

like social platform markets (e.g. Facebook or MySpace) or search engines (e.g. Google

or Yahoo). It is thus the central pre-condition for economic growth and social welfare.

Turning to private households, telecommunications is used to plan and organize leisure

activities. In particular, more and more information, services and also activities are

provided via telecommunication infrastructure virtually connecting people around the

world. Today, private customers do not only use telecommunications to access informa-

tion and services. In line with Web 2.0, they even provide own information on the basis

of existing platforms for other users (e.g. video platforms like YouTube, information

platforms like Wikipedia or information services like Twitter), which turns them from

being passive telecommunication users to active service and information creators.
1Information and Communication Technology
2Information based on the EU KLEMS database, 2007. The EU KLEMS project, funded under the
Sixth Framework Programme, collected data on capital (K), labor (L), energy (E), materials (M)
and services (S) to provide a database on economic growth, productivity and employment creation
and capital formation at the industry level.
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1 Introduction

Even governmental and health services are organized and provided via the internet. So-

called e-Government and e-Health services replace familiar off-line services. Moreover,

the communication between governmental institutions and citizens or private companies

changed from a postal way of communications to an electronic or semi-electronic way of

communications (e.g. income tax information exchange).

The particular importance of telecommunications for economy and society is mainly

due to the ongoing restructuring process of the sector since the late 1980s, which com-

prises both transmission technologies and services and which is based on a fundamental

re-thinking of economic knowledge. Before the worldwide wave of liberalizations, gov-

ernments agreed that telecommunication sectors could be operated most efficiently as a

monopoly with one single, vertically integrated provider in all telecommunication mar-

kets. Even before the liberalization, telecommunications has been considered as a key

sector for society and national growth and, in particular, for national sovereignty and

national security. These coincident assumptions among European governments caused

the provision of telecommunication infrastructure and services by a state-owned com-

pany (Holmes and Young, 2002).

The reduction of foreclosures among European states and upcoming neo-liberal eco-

nomic ideas at the end of the 1980s led to a comprehensive change in the common view

of network-based markets. The "single European market programme", which was in-

troduced to European telecommunication markets in line with the neo-liberal economic

wave, follows the aim of the integration of European Union (EU) member states’ mar-

kets to a single European market (Armstrong and Bulmer, 1998; Wallace, 2000). In line

with this change of perspectives, network-based sectors are considered to consist of in-

dividual, but dependent markets, which could be integrated much easier, independently

from upstream or downstream markets. However, the integration requires a sufficient

preparation on the European level, on the national level and also on the sub-national

level of telecommunications. In particular, markets could only be integrated if economic

structures and technological deployments are at a comparable level across these markets.

It is thus necessary to prepare and coordinate the complex integration process across all

2



European Community/EU member states, which requires an adequate regulatory sys-

tem providing milestones to be reached for the harmonization of member states’ markets

and the subsequent European-wide integration. Additionally, this regulatory regime has

to provide a set of measures to monitor and to control the process from an ex-ante and

an ex-post perspective to foster the national implementation.

The European regulatory system is exceptional, as it is based on a two-stage model. On

the higher stage, the European Parliament in coordination with national governments

and the European Commission (EC) offers regulatory guidelines as a common frame-

work for all EU member states. National governments and regulators have to adjust

national regulatory habits to these common guidelines. On the lower stage, the national

stage, European guidelines have to be adopted to national laws taking into account na-

tional distinctions. While the higher-stage requirements guarantee a common regulatory

approach across all EU member states, the lower-stage settings allow for an adequate

environment of national freedom taking into account national differences and securing

the sovereignty of national governments.

This two-stage approach was implemented to foster the integration process within Euro-

pean member states and, simultaneously, to enable the proximity of National Regulatory

Authorities (NRAs) to the regulated sector. However, freedom of transposition opens

room for national differences in the implementation. Due to the consideration of national

distinctions, member states have reached different stages of competition and efficiency

exacerbating the integration process as a whole. While the transition from monopolistic

national telecommunication markets started already in 1988, it is an ongoing process

even today, which has not reached its termination in any of the European telecommu-

nication markets. The EU and the EC were aware of the comprehensive challenges of

market integration already at its very beginning because of the strong sovereignty of the

EU member states (Narjes, 1988). The complexity of the integration process is twofold:

Firstly, member states follow individual political and economic aims, thus, reducing the

speed of legal convergence and market convergence. Secondly, legal adjustments directly

influence technological developments, which were hardly foreseeable at the end of the

3



1 Introduction

1980s and also when markets were fully liberalized a decade later. Even shortly after

the liberalization, the technological deployments and subsequent changes in telecommu-

nication markets required an adequate legal framework with a high level of flexibility for

adjustments and continuity.

With a sequence of so-called Regulatory Packages, the EC provides the higher-stage

framework. Regulatory Packages are strategic instruments which offer a transparent

legal setup in the integration process. By now, three Regulatory Packages have been

installed, each preparing a particular milestone for the European market integration.

Former Regulatory Packages have opened national markets to competition and laid

down a common regulatory basis (the First Regulatory Package). The Second Regula-

tory Package was implemented to adjust the legal setting to the upcoming technological

deployments after the liberalization and to harmonize market structures and regulation

schemes based on this unexpected market development. The Third Regulatory Package,

introduced in December 2009, concentrates on national regulatory systems and explic-

itly limits governments’ sovereignty in their national telecommunication sector. With

this particular focus on the national administrative system, the last Regulatory Pack-

age includes new instruments to foster the final preparation for the actual integration

of national markets. However, it also incorporates rules for markets which are much

more dependent on national distinctions and in which the legal framework and the given

structures could be adjusted much more slowly.

From the technological perspective, telecommunication systems could be separated into

two to three layers depending on the underlying model:3 The infrastructure layer com-

prises the physical infrastructure and, thus, the basis for all superior layers. The physical

infrastructure includes the cable ducts and the cables as well as the relevant transmis-

sion infrastructure like cell towers. Based on this basic infrastructure, the transmission

system is installed. It comprises transmitters and signal amplifiers, which are necessary

3The Open System Interconnection (OSI) Reference Model assumes seven layers separating the in-
dividual layers based on a more detailed technical structure. However, I refrain from this more
detailed approach as it provides no additional information for the economic analysis of this thesis.
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for an adequate transmission of data. Thus, the transmission layer is an intermediate

layer in the sense that it covers both infrastructure elements for signal transmission and

also routing elements. On the highest layer, services are provided. In contrast to the

transmission system, services are, to a far extent, infrastructure independent. However,

limitations in offered services come from infrastructure capacity.4

The transition from the natural-monopoly perspective to the neo-liberal perspective ini-

tiated a comprehensive technological revolution not only on the service layer but also

on the content transmission layer. Examples are the rapid development of the internet

and the installation of transmission systems for mobile communications. The ongoing

developments on the service layer and the transmission layer require an adequate physi-

cal infrastructure, which meets the growing demand for transmission capacity. However,

more complex services and the comprehensive developments in transmission technolo-

gies reduce the relative value of the physical infrastructure over time. As a result, the

single-market perspective based on the neo-liberal political development aggravates the

position of physical infrastructure providers. To a far extent, it neglects market inter-

relations and the internalization of positive externalities from physical infrastructure

investments on other markets along the telecommunication value chain. The divergence

of the relative value of physical infrastructure and the relative value of services leads to

an under-investment challenge as physical infrastructure providers bear the investment

risk but can refund their investments at most partially due to access price regulations

under the First and the Second Regulatory Package (Cave and Vogelsang, 2003; Foros,

2004; Kotakorpi, 2006).

Moreover, the particular protection of customer rights in the context of European

telecommunication regulation initiated a new understanding of telecommunications lead-

ing to upcoming competition on the service level. This has altered the role of users

from passive consumers of provided services to more and more active customers offering

services themselves. While telecommunications mainly consisted of analogue telephony

4Additionally, service providers could also limit the availability of their services to one infrastructure
as is done e.g. by Apple.
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1 Introduction

until the late 1980s, the upcoming development of the internet allows customers to access

new information sources and to choose from a broad range of services, which are either

complements or substitutes to familiar services. In line with Web 2.0, customers even

offer own information and services on the existing infrastructure. In consequence, ser-

vice providers and customers use the existent infrastructure much more comprehensively

but do not compensate for investment costs or congestion on the lines due to regula-

tion. While infrastructure and transmission system operators are (technically) able to

discriminate between single traffic generators, current regulation prohibits traffic-based

fees (net neutrality) (Wu, 2005; Economides and Tag, 2009).

In contrast to individual service and infrastructure providers, national governments con-

sider the impact of the availability of high-quality infrastructure from a macroeconomic

perspective. As described above, telecommunication infrastructure is a key pre-requisite

of economic growth. Due to their broader view, national governments internalize the

externalities of infrastructure provision and support the installation of infrastructure

where private investments would not occur because of too low returns on investments.

Therefore, governments offer public aid and support the roll-out of high-quality infras-

tructure using alternative measures of more dynamic regulation.5

In most EU member states, fix-line infrastructure access is provided on a monopolistic

basis. Thus, investments in this infrastructure directly affect services as they increase

capacity or reduce transmission costs. Turning to platform competition, i.e. competition

between infrastructures, additional positive externalities of investments exist: If one net-

work provider increases its infrastructure availability or the quality of its lines, not only

its own customers benefit from such an action. Moreover, with interconnected networks,

also customers of competitors benefit due to a reduction of congestion or due to the

availability of higher-quality services. In contrast to fix-line networks, this is a key issue

5With the Third Regulatory Package, the EU requirements follow this national development as regula-
tory requirements, also on the European level, move from a balanced approach of static and dynamic
regulation, i.e. securing competition and, on the other hand, providing incentives for investments,
in the direction of a more dynamic approach.
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in mobile network markets as infrastructure providers are mostly vertically integrated.6

However, access regulation ignores this investment externality, which deters investments

in the sense that cost-based regulation even increases the externality and reduces returns

on investments.7

This thesis considers four key issues of regulation in the European telecommunication

sector, which are the two-stage regulatory structure in the EU, the roles of national

governments in their telecommunication sectors, the effect of service competition on in-

frastructure provision and regulation and its impact on investment externalities with

competing infrastructures.

Figure 1.1: The European Regulatory System

European Parliament/
European Commission

Regulatory 
Requirements

European Regulatory Stage

National Governments/
National Regulators

Regulation

National/International Affected

RegulationNational Regulatory Stage

Markets Companies

Overview of the Individual Chapters

Figure 1.1 provides an overview of the European regulatory system and its impact on

infrastructure provision and service competition. In Chapter 2, I consider the relevance

of alternative EC regulatory instruments on addressed companies and markets. The EC

disposes a set of regulatory measures, with which it can affect national and international

6Even today, the market share of separated mobile network providers, mobile virtual network providers
(MVNOs), is below 10 percent in EU member states.

7Cost-based regulation is the approach preferred by the EC for all telecommunication infrastructure
markets.
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1 Introduction

telecommunication markets. Besides Regulatory Packages as described above, firstly, it

provides regulatory guidelines, which have to be adopted to all national markets by

national governments and national regulators. Moreover, the EC also intervenes if it

suspects particular market regulations in individual member states to be insufficient to

reach common EU aims or not to be in line with the Regulatory Packages. Based on this

type of interventions, national governments have to adjust national telecommunication

laws or the regulatory and market practices in their countries. While these two types of

interventions only indirectly affect national telecommunication markets, the EC can also

directly intervene in a specific market if it finds one company or a group of companies

to abuse significant market power (SMP). The EC mainly intervenes in line with the

incumbent provider’s action either by addressing the national regulatory practice and

the competition system or by addressing the company under suspicion. In Chapter 2, I

analyze how these alternative instruments affect expected companies’ reactions proxied

by their net present values employing an event study approach where I consider both

returns and volatility of returns. In doing so, I provide more insights into the expected

companies’ reactions to directed market interventions in comparison to indirected ap-

proaches, which could be affected and adjusted by national governments and regulators

to meet national market distinctions better.

The particular role of national governments in the European regulatory system is the

subject of Chapter 3. National governments are strongly integrated with their national

telecommunication sectors: On the one hand, governments determine the legal frame-

work for telecommunication companies, which national regulators implement to markets,

and, consequently, influence the path for national telecommunication market develop-

ments. Moreover, national governments also elect the presidential chambers of NRAs

directly affecting the way how laws are implemented to markets. On the other hand,

most EU member states hold shares in their former monopolists and support infras-

tructure investments employing alternative measures of public aid. These dichotomous

roles of national governments are main drivers for differences across EU member states’

telecommunication market situations. Regulatory Packages demand a strict separation

8



of the roles of governments, which requires the separation of tasks in multiple national

ministries. However, combining instruments of multiple roles of the government could

also be a valuable approach for the implementation of particular aims in the European

integration process of national telecommunication markets as a whole. I discuss these

alternative roles of governments and their interests in national telecommunication mar-

kets in Chapter 3.

While Chapters 2 and 3 focus on the impact of regulation and the regulation system as

a whole, Chapters 4 and 5 consider the behavior of affected companies and the interplay

of markets under the given regulatory system.

Comprehensive technological deployments since the liberalization resulted in a diver-

gence of the transmission and the service layers from the physical infrastructure layer

in the sense that infrastructure providers can decreasingly internalize the externalities

of their infrastructure provision. As the physical infrastructure is the key pre-requisite

for telecommunication service provision, a political debate on the European and the

national level demands service providers and service users to support physical infras-

tructure provision. The economic literature repeatedly identifies service competition

to be a driver of infrastructure investments (Röller and Waverman, 2001; Wallsten,

2001, 2002; Heimeshoff, 2007). However, standard closed-form estimation models do not

clarify, how service competition and upcoming competitive infrastructures affect infras-

tructure provision. In Chapter 4, I compare the results of a closed-form model with the

outcomes of a more structural estimation approach where I instrument demand variables

in the investment equation. The closed-form approach assumes service competition to

be a direct driver of infrastructure investments and ignores correlations between other

explanatory variables and the demand variables. In contrast, with the more structural

estimation approach, direct service competition effects on investments can be distin-

guished from indirect ones. I do this analysis both for fix-line infrastructure investments

and mobile infrastructure investments and, additionally, consider competition and in-

vestment externalities between the two infrastructures.
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1 Introduction

Chapter 5 extends the analysis to investment externalities between competing infras-

tructures. European mobile markets consist of mainly three to four fully vertically

integrated providers, which are interconnected with each other. If one mobile network

provider invests in its infrastructure to expand availability or to increase capacity and

service quality, these investments affect own customers and also the communication

habits of own customers with customers of competing network providers. Investments

either reduce the price for on-net and off-net calls or increase infrastructure quality of

the investor’s network increasing the traffic of the investors’ network. Moreover, cost-

reducing investments reduce interconnection charges and, thus, increase the traffic from

competitors’ networks to the investor. I analyze investment externalities by employing a

model brought forward in Dewenter and Haucap (2005) and extend their analysis adding

traffic information. Additionally, I compare the impact of alternative regulation schemes

and calculate the investment effect on own profits and on competitors’ profits both in a

micro-theoretical and a micro-econometrical model.

Chapter 6 summarizes the main findings of the previous chapters and highlights the

key links between the alternative chapters. From these results, policy conclusions are

derived, which strongly support the demand for further empirical analyses to improve

the understanding of telecommunication markets as a whole and the particular situation

of European telecommunication markets.
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2 European Telecommunication
Regulation – Effects on
Telecommunication Providers

2.1 Introduction

Regulation intends to change the behavior of companies with SMP to enforce market

competition or to move a market to a state of higher efficiency. Affected companies

have to react to regulatory changes and adjust their market-related strategies. Due to

their adjustment in strategies, expected future profits and, thus, companies’ net present

values change.

In the EU, telecommunication regulation is a two-stage scheme: On the higher stage, the

EU Parliament in cooperation with the EC and EU member states determines the com-

mon regulation scheme, which, subsequently, has to be transposed to national laws taking

into account country distinctions. While these long-term guidelines join into Regulatory

Packages, which provide the framework to harmonize regulation across member states,

the EC uses various regulatory measures to foster market competition and efficiency.

These measures could be categorized into three classes depending on the addressees,

cross-market interventions, country-addressing interventions and company-specific in-

terventions.

Cross-market interventions refer to regulatory instruments which affect a particular mar-

ket type in all member states. In contrast to Regulatory Packages, cross-market inter-

ventions focus on a distinct issue in a market which expectedly hampers upcoming

competition or efficiency and which exists across all national markets (e.g. Regulation

2887/2000/EC on local loop competition). Country-addressing interventions differ from

11



2 European Telecommunication Regulation – Effects on Telecommunication Providers

cross-market interventions as they pick up an issue which is found only in one national

market (EC, 1997). This might either arise from a governmentally accepted dominance

of one company or it might stem from an insufficient transposition of regulatory guide-

lines. While these two types of EC interventions require the implementation to national

laws by national governments and their adoption to markets by NRAs, the EC also di-

rectly intervenes if it suspects a company to abuse its dominant position in a particular

market (Articles 81, 82 and 87 of the Treaty Establishing the European Community and

Regulation 134/2004 EC) (company-specific interventions). In this chapter, I analyze

the expected outcomes of alternative announcements and compare the results of the

different types of interventions to each other.

At the point in time when a regulatory announcement is published, it does not directly

lead to a change in market structures or companies’ behavior. However, owners of af-

fected companies react to these publications, either taking into account forthcoming

transpositions to national laws or other changes in the competition of the addressed

markets due to adjustments in companies’ strategies. Under the assumption of rational

shareholders, stock price reactions have been used multiply as a proxy for market reac-

tions on announcements.1 The consideration of how an announcement changes share-

holders’ expectations is based on the deviation of stock price returns from a known path.

This deviation is assumed to be a linear transformation of a representative firm owner’s

expectation about how a shock affects future cash-flows. Thus, one can directly "mea-

sure" the monetary impact of an unexpected event by considering stock prices.

What is heavily criticized with this so-called event study methodology is, firstly, that

stock prices follow an autoregressive process (Salinger, 1992) and, secondly, that signif-

icant shocks are accompanied by changes in stock price volatilities, in particular when

the effect of an announcement is unclear (MacKinlay, 1997; Lütkepohl, 2006). Both of

these criticisms cannot be taken into account with the traditional event study approach

which only focuses on current returns but ignores the time structure and the volatility

1Schwert (1981) provides a broad overview of studies, including regulation studies. After 2000, stock
price reactions have been used also comprehensively in the context of telecommunications as will be
discussed below.
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of returns.2 For considering the impact on volatilities it is recommended to use two-step

methods which modulate the error term structure of the return estimation as an autore-

gressive process.

Two-step AR-ARCH-/GARCH-models enable the successive consideration of a shock on

returns and on volatilities. While, usually, the lag structure is assumed to be exoge-

nously given for the return and for the volatility estimations, I select the optimal lag

length based on an iterative estimation approach.

The following results can be drawn from the estimations: Firstly, cross-market interven-

tions and country-related interventions increase the stock-price returns of an affected

company. Secondly, company-addressing actions reduce the stock price returns and, si-

multaneously, reduce the volatility in returns. In contrast, other companies in the same

market remain unaffected. These findings provide evidence that regulatory interventions

and changes in the regulation structure fulfil the aims of the EU Parliament. The EC in-

tervenes if it suspects a market situation not to reach the desired status under the given

legal structure. The estimation results show that (expected) firm reactions correspond

to the EC intention. Moreover, if a particular company is addressed, the effect on ex-

pected future profits does not significantly differ from cross-market- or company-related

interventions, but stock price volatilities are reduced. In consequence, regulatory inter-

ventions are interpreted differently by companies depending on the type of interventions

but not necessarily on the subject.

The remainder of this chapter is organized as follows: Section 2 gives an overview of the

event study literature and highlights key findings in the context of telecommunication

regulation. Afterwards, the alternative types of EC interventions are specified in more

detail and the respective hypotheses are derived (Section 3). Section 4 explains how

pre-estimations are implemented. Subsequently, a descriptive overview of the employed

variables is given and the estimation results of the pre-estimations are summarized and

discussed. Moreover, a descriptive overview of the variables of the main estimations

2A detailed discussion is given in the introduction to the chapter "Nonlinearities in Financial Data"
in Campbell et al. (1997).
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is provided (Section 5). Section 6 discusses the estimation results. The last section

summarizes the key findings, concludes the chapter and gives an outlook for further

research.

2.2 Literature Review

This section considers the existing literature on company and market regulation and its

impact on the value of affected companies. As an ongoing discussion of methodological

improvements is in place for the event study approach, I start with a broader overview.

Event studies were originally used to consider regulatory changes in financial markets.

Examples are Stigler (1961) or Officer (1973), who both analyze the 1934 introduction

of the Securities Act and the establishment of the Securities and Exchange Commission

(SEC) and how NYSE stock prices reacted to this introduction of regulation. As the

SEC provides guidelines on stock exchanges, it directly addresses the shareholders’ be-

havior influencing shareholders’ evaluation of companies.

Schwert (1981) proposes alternative ways, how event studies could also be used in a

broader context of regulation, not only to measure the impact on the addressees but to

gain information about the expected reactions of addressees. Thus, event studies are

also adopted to non-financial markets; this opens a broader range for the implementation

of the event study methodology. Considering a change in the structure of non-financial

markets differs from considering changes in financial market structures in the sense that

a regulation does not address shareholders’ behavior but the strategic behavior of the

related company by assuming rational behavior of agents.3

Binder (1985) focuses on alternative weaknesses of event studies. Among others, he high-

lights the importance of the correct announcement date. By assuming the announcement

date to be a priori unknown, he finds only little evidence for stock price reactions on

regulation. Following his argumentation, uncertainty of the first announcement date

strongly weakens the validity of an event study analysis. However, with the upcoming

3E.g. in the context of telecommunications, Schwert proposes to adopt event study-based measures to
evaluate frequency licenses.
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internet and the online availability of information, news are offered simultaneously to a

larger group of interested parties. Thus, announcements should have a stronger effect on

share values. Moreover, the online storage of information also enables a detailed back-

tracing of information, which makes it easier to find the most relevant announcements

for event study analyses. As a consequence, a larger range of studies on single events or

event groups have been implemented after around 1995/1996.

While the previous papers provide an overview of the steps of adopting the event study

methodology to economic regulation analyses, the following studies focus on the imple-

mentation of event studies in the context of telecommunication markets.4

Considering the development of Deutsche Telekom stock prices, Rudolph and Johan-

ning (2004) compare the announcement of changes in regulation with announcements

of management decisions. They choose the period between 1997, i.e. shortly after the

IPO of Deutsche Telekom, and 2002. Thus, Rudolph and Johanning’s work covers a

period of comprehensive changes in the company culture from a former public monop-

olist to a more privately-owned company5, and, simultaneously, the transition period

from monopoly to regulated competition in the German telecommunication sector. The

authors show that management decisions have a significantly stronger effect on stock

prices than regulatory decisions, both being mostly negative in the period under con-

sideration. Ehrmann et al. (2005) extend the analysis of Rudolph and Johanning by

adopting additional news until March 2005. While the latter find significantly positive

stock price reactions before 2001, their results turn negative for the second half of the

observation period.

4Despite knowing of the pitfalls of event studies in the context of antitrust and the evaluation of
mergers and acquisitions (see e.g. McAfee and Williams, 1988; Shleifer and Vishni, 2003), the
event study methodology is a commonly accepted method in competition economics (Whinston,
2006). It has been used for the evaluation of alternative topics which comprise among others
anticompetitive horizontal mergers (Eckbo, 1983; Stillman, 1983; Eckbo and Wier, 1985) or the
evaluation of antitrust decisions and merger control (Duso et al., 2008; Neven and Zenger, 2010).

5The German state held 61 percent of Deutsche Telekom shares in 1997 and reduced its participation
to 42.8 percent by 2002.
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Bel and Trillas (2005) use the event study approach to gain more insights into the in-

terplay of governmental ownership, regulation and company activities in a study on the

Spanish incumbent Telefonica. Regulatory changes between 1996 and 2000 altered not

only the market structure but had an effect on the internal structure of Telefonica (see

also Kole and Lehn, 1997). In particular, Bel and Trillas consider the following agency

problem: The state keeps a Golden Share in Telefonica, thus, preventing the company’s

takeover. In contrast, no powerful shareholders exist which build a counterpart to the

government. The authors expect that in this protectory situation, management decisions

are strongly affected by the government. In line with Ehrmann et al. (2005), Bel and

Trillas find regulation to have a significantly positive impact on stock price returns for

the period until 2000. With regard to liberalization, the authors argue that a positive

impact on shareholder value stems from the expectations about an increase in demand.

Instead of considering the effect of regulation on the incumbent provider, Krouse and

Park (2003) use a broader data set covering both incumbents and new entrants on the

local exchange level and consider how the introduction of the 1996 Telecommunications

Act in the United States changed net present values of affected companies. They find

no significant impact of the announcement on the incumbents’ stock prices but signif-

icantly positive excess returns on competitors’ stock prices. Krouse and Park argue

that this result is strongly in line with the intention of this new legal framework as the

introduction of competition reduces market concentration in favor of the entrants, thus

enhancing competition in local telecommunication markets. In a quite similar approach,

Bittlingmayer and Hazlett (2002) analyze the effect of changes in regulation on American

broadband companies and find that deregulation decisions increase shareholder values.

Approvals on the deregulation of long distance markets have no significant effect on in-

ternet providers’ stock prices whereas denials negatively affect stock prices.

In contrast to most of the previous studies, I use data for multiple companies active

in multiple countries and markets. In doing so, I consider the impact of regulation an-

nouncements for incumbent and entrant providers. I focus on regulation announcements

of the EC which are less susceptible to a potential endogeneity challenge as characterized
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e.g. in Duso and Röller (2003) or in Bel and Trillas (2005). The EC can choose from a

set of various regulatory instruments, which provoke alternative reactions. In the next

section, I provide an overview of the types of interventions and their expected impact

on affected companies.

2.3 Regulation in Europe

Regulation in the EU is based on a two-stage approach, in which the EC coordinates,

monitors and controls common steps of regulation across all EU member states. One key

instrument are Regulatory Packages with which the EU Parliament in cooperation with

national governments and the EC offers a common set of directives to harmonize the

steps from monopoly to competition in the EU member states. The member states have

to adopt these guidelines to national laws taking into account country distinctions.6

However, during implementation processes, problems become obvious which have not

been expected in advance or which arise due to technological innovations and market

developments. After the introduction of the Regulatory Packages, the EC adopts multi-

ple steps to remedy these specific problems of the transposition process and unexpected

market developments (e.g. local loop access regulation or the repeated interventions in

line with Golden Shares). While these steps ease the process of the installation of com-

petition and efficiency, they do not directly address particular national market issues.

In contrast to national regulators, the EC takes a superior position: It monitors markets

from a cross-national perspective and intervenes if it suspects national markets and rules

not to satisfy the EC’s regulatory requirements. One known example is the decision on

6While the First Regulatory Package of 1998 has been installed to coordinate a harmonized move from
monopolistic to competitive markets, this move rapidly turned to an acceleration of technological
and demand evolution. Therefore, the Second Regulatory Package was adopted in 2002/2003, which
seeks to balance static and dynamic regulation aims, i.e. competition aims as well as investment
and innovation aims. A detailed discussion is provided in the initial proposition for the new reg-
ulatory framework by the EC, http://ec.europa.eu/information_society/topics/telecoms/
regulatory/new_rf/documents/com2000-393en.pdf. In line with the 2006 market review of the
Second Regulatory Package, new guidelines were discussed which even stronger take into account
customers’ behavior in line with the development of Web 2.0. http://ec.europa.eu/information_
society/policy/ecomm/tomorrow/roadmap/index_en.htm. Please see also the discussion in
Chapter 4.
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international mobile communication roaming.7 Following the EC, both approaches sup-

port companies as a whole as they reduce bureaucratic challenges, give a more reliable

framework for NRAs’ actions and reduce market barriers.

With its interventions, the EC seeks to increase competition and efficiency in a mar-

ket under scrutiny either tackling problems in line with the introduction of a Regulatory

Package or technological deployments or in the consequence of the market definition and

the resulting competitive behavior of market participants. As the intervention intends

to heal the addressed issue, this should also increase the affected companies’ firm values.

H1 (Type 1: Cross-market interventions): The EC’s activities to in-

troduce and establish competition and more efficiency in telecommunication

markets improve the performance of the affected telecommunication companies

and, thus, increase their firm values as a whole.

Besides cross-national steps of interventions, the EC’s services also monitor individual

national markets as do national regulators. However, they base their consideration on

common European requirements and analyze whether individual national regulation is in

line with European guidelines. This EC initiative is accompanied by regular queries on

the implementation of the guidelines and also by queries on national regulators’ market

monitorings. If the EC services identify a national telecommunication law or its regula-

tory implementation not to be in line with European requirements, the EC intervenes

by addressing its concerns to the national authorities in charge. Subsequently, the na-

tional government has to remedy its telecommunication law or the NRA has to adjust its

market implementation. If national institutions refrain from such a step, the EC brings

the case to the European Court of Justice. An example of such a far-reaching decision

has been the intervention in line with regulatory holidays in the context of the German

7The EC ordered mobile network providers (MNPs) to reduce termination rates stepwise to a prede-
termined level and, beginning in March 2007, reduced the upper bound wholesale price using cross-
market regulation for all EU member states. More information is provided in the latest regulatory
intervention in this context: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:
2009:167:0012:0023:EN:PDF. Additional information about the tariff structure can be found here:
http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/07/251
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VDSL roll-out.8 After the EC has multiply remarked its concerns without amendments

of the German government, it brought the case to the European Court of Justice in June

2007. The case was decided in December 2009 impeding the German intention.9

If the EC intervenes on a particular issue in a national market it suspects the previous

situation not to be in a stage of adequate competition and not to turn to competition in

the near future under the current national telecommunication rules (Monopolies Com-

mission, 2009). The EC’s action therefore intends to improve the market situation and,

thus, the situation of the market players as a whole.10 As asymmetric national mar-

ket boundaries are reduced and more transparency is provided by such an intervention,

companies in the addressed market should benefit from the EC’s action, which increases

their firm values.

H2 (Type 2: Country-addressing interventions): Shareholders expect a

positive impact of market-structural EC interventions on firm values.

While the activities described so far concern issues which comprise markets as a whole,

the EC also intervenes if it suspects individual market participants to hamper compe-

tition. Similar to country-addressing interventions, the EC first informs the company

about its concerns. Afterwards, it warns the company and brings the case to the Eu-

ropean Court of Justice if the company does not adjust its behavior in line with the

EC’s recommendation. Multiple examples exist in which mainly former monopolists

have been part of such a process, e.g. KPN for abusing its dominant position for mobile

call termination in 2002 or France Telecom to pay back state aid in 2004. In contrast,

there are also cases in which entrants are suspected to be in an anti-competitive position

such as the state aid decision on Mobilcom in 2003.

8The German government wanted to change national telecommunication laws to enable regulatory
holidays to the incumbent if the national regulator Bundesnetzagentur would have decided VDSL
to be a new market. This example is discussed in more detail in Chapter 3.

9http://www.euractiv.com/en/infosociety/eu-court-sets-precedent-germany-telecoms
-ruling/article-188017

10Please see also Bel and Trillas (2005) with regard to regulators’ decisions concerning total markets.
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Moreover, the EC is obliged to consider cases of major players’ mergers, demergers

and acquisitions, including infrastructure sharing between providers or common licence

acquisitions. It intervenes or accepts a project imposing conditions if it suspects subse-

quent market concentration to hamper competitors. Examples are the merger of the two

Scandinavian incumbents Telia and Sonera in 2002 or the 3G mobile network sharing

agreement in the UK in 2003. As in general most of the companies face trials concerning

forms of anti-competitive behavior or the prohibition of a future supremacy, this type

of intervention should have a negative impact on the value of the respective firms.11

H3 (Type 3: Company-specific interventions): Company-specific inter-

ventions reduce the shareholder value of the addressed firms.

The first and the second hypotheses concern interventions, which relate to the telecom-

munication sector as a whole or to a particular market whereas the third hypothesis

focuses on individual companies’ actions (see also Figure 2.1). While the first two types

of interventions require national institutions to adopt and apply regulation measures to

national markets, the third approach directly addresses particular companies’ behavior

in the markets. Thus, from the first two types of interventions to the third type, the

EC’s actions turn from a superior cross-national or national level of interest to a firm-

specific one. As actions are much more focussed with type-3 interventions they should

also receive more attention by shareholders.

11Please note that company-addressing actions are a gray area between regulation and antitrust actions
particularly in markets with an ex-ante dominant provider. Rey (2002) identifies four criteria how
to distinguish regulation from antitrust issues. These are, firstly, procedures and control rights in the
sense that regulatory authorities have more powerful instruments to intervene on firm behavior than
antitrust authorities, secondly, timing of oversight, which means the issue of ex ante interventions
(typically regulation) and ex post interventions (typically antitrust), thirdly, information intensive-
ness and continued relationship meaning that regulators have to cultivate a continuous relationship
to the market and the companies, and, finally, relationship to political powers comprising the impact
of politicians on the agency. While individual NRAs actively take over antitrust tasks, such as the
UK regulator OFCOM (see Chapter 3), current regulation habits in the preparation of the Third
Regulatory Package try to increase regulators’ independence from political authorities and also, to
some extent, the proximity of regulators to markets. In the further analysis, I consider cases of indi-
vidual company-specific interventions from the regulatory perspective keeping in mind the ongoing
transition from pure regulation to antitrust actions of the EC in the telecommunication sector. In
addition, please see also Knieps (2003), Neumann (2003) and Vogelsang (2003).
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Figure 2.1: Overview of Alternative Types of EC Regulatory Interventions

European Parliament/
European Commission

Regulatory Requirements Type-1 and Type-2
Interventions

National Governments/
National Regulators

Regulation
Type-3
Interventions

National/International Affected

Regulation

Markets Companies

H4a: The impact of EC interventions on stock price returns increases from

cross-market and country interventions to individual company requirements in

absolute terms.

Type-1 and type-2 interventions require the adoption of EC regulations to national laws

taking into account national distinctions. Even with the knowledge of forthcoming inter-

ventions, the actual market implementation has an ex ante unknown outcome. Therefore,

stock price volatilities should be higher with type-1 and type-2 interventions than with

type-3 interventions as no intermediate authority provides additional uncertainty about

the actual implementation of outstanding regulatory requirements.

H4b: EC interventions reduce stock-price volatilities from cross-market and

country interventions to individual company requirements.
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2.4 Empirical Implementation

In the event study literature, two approaches for explaining shocks exist, which either

focus on stock price returns or on volatilities. For analyzing both returns and volatilities,

it is necessary to decompose one effect from the other. A common approach from the

financial literature is the AR-GARCH model (Autoregressive-Generalized Autoregres-

sive Conditional Heteroscedasticity model) (Ferenstein and Gasowski, 2004; Lütkepohl,

2006). In AR-GARCH models, the stock price return path is estimated using the stan-

dard AR approach and assuming a GARCH process for the error term structure. I

employ the AR-GARCH model to estimate the stock price returns development for the

companies under scrutiny assuming a total observation window of 201 days around the

event (100 days before and 100 days after the event). The lag-structure of the AR and

the GARCH process are determined by iteration as described below. In contrast, in

standard event studies, either no autocorrelation or a one-period lag structure for stock

price returns is assumed. These approaches are special cases of the approach which I

adopt here as I allow the model to calibrate to the optimal time structure.

I employ the following three-step estimation approach: I first estimate stock price returns

for the 201-days observation window for each event. Afterwards, I estimate the error

term structure to get information about the return volatilities. For each observation

window, each of the two steps is iterated until the best estimator is found. The selection

of the best estimator is based on the Akaike Information Criterion (AIC) as described in

Lütkepohl (2006) and as used in a magnitude of time series prediction studies.12 Finally,

I use the results of the first two steps to consider the effect of events in windows with

three alternative lengths around the event date (3, 7 and 11 days).

12In a previous version of this chapter, I have double-checked results using the Bayes/Schwartz Informa-
tion Criterion for the AR process and for the GARCH process. This method dedicates more weight
to the number of explanatory variables. Nevertheless, results with regard to lag-length change only
slightly.
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For the first two steps, I assume the following return and error term equations:13

Rit = αRi +
∑j<t

j=0 βit−jRit−j + βTITIt + εit

εit = σitνit
(2.1)

Rit is the stock price return of firm i in period t and TIt corresponds to the returns of a

market index at date t. νit is white noise following an iid(0,1) process. The first equation

corresponds to the standard AR-part of an AR-GARCH model. With the GARCH

assumptions, the error term of the return equation satisfies the second equation and σit

is determined by the following process (Bollerslev, 1986):

σ2
it = ασi +

P<t∑
p=0

βεit−pε
2
it−p +

Q<t∑
q=0

βσit−qV ar(σ
2
it−q) (2.2)

with V ar(εit|εit−1, εit−2, ...) = σ2
it, E(εit) = 0, Cov(εit, εis) = 0, t 6= s. When all βσi’s

equal zero, the process is an ARCH model as described in Engle (1982).14

In contrast to other event study approaches which postulate a specific lag length, the

approach chosen here keeps the estimation flexible in the sense that each estimation is

multiply repeated employing the ARCH or the GARCH restrictions to determine the

optimal lag-length based on the AIC.

In the third step, I focus on the individual event window and analyze if and how an event

causes a deviation from the expected returns and the volatilities process. Abnormal

returns (AR) and abnormal volatilities (AV ) are assumed to be normally iid with zero

means over the observation period but not necessarily in the event window. Therefore,

abnormal returns and abnormal volatilities are given by the following equations:

ARm
id = Rm

id − R̂m
id

AV m
id = σm2

id − σ̂m2
id

(2.3)

13The event index is neglected as long as the consideration of a single event is sufficient.
14For more details, please see e.g. Campbell et al. (1997).
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m marks the event, i the firm and d the date of the observation. R̂m
id and σ̂m2

id are the

estimates of equations (2.1) and (2.2) for each event. Daily abnormal returns and volatil-

ities are cumulated around the event day to obtain the cumulated abnormal returns and

the cumulated abnormal volatilities with

CARm
i =

∑2τ+1ARm
iτ

CAV m
i =

∑2τ+1AV m
iτ

(2.4)

I compare the results of three alternative event windows with a length of three, seven

and eleven days before and after the event (τ = 3, 7, 11).

I use alternative exogenous variables, which explain cumulative abnormal returns and

volatilities:

CARm
i = αm,r + expl. var.′βm,rexpl,i + control var.′βm,rcontr,i + ηm,ri

CAV m
i = αm,v + expl. var.′βm,vexpl,i + control var.′βm,vcontr,i + ηm,vi

(2.5)

Exogenous variables are classified in explanatory variables expl. var., which are cross-

market, addressed-country and addressed-company dummies, and control variables

control var., which are fix-line, mobile, incumbent, foreign fix-line and foreign mobile

and combinations of these variables.

Although the AR-GARCH approach improves the estimate of stock price return develop-

ments, it still has some pitfalls known from the standard approach. In particular, it as-

sumes the independence of stock price returns at the same point in time, corr(Rit, Rjt) =

0, and across different series across time, corr(Rit, Rjs) = 0, ∀i 6= j, s 6= t. Multivari-

ate GARCH models exist which adjust the variance-covariance matrix to take stronger

into account cross-sectional correlations by simultaneously estimating returns of multi-

ple companies. However, these approaches are only implemented in studies with a low

number of companies due to the exponential growth of processing capacity requirements

in the number of considered companies and the lag-length employed (Lütkepohl, 2006).

Because of the high number of companies in my sample, I refrain from these multivari-

ate AR-GARCH models and follow the standard approach by adding market indices to

the model to control the cross-company structure at least partially. Nevertheless, this

approach cannot completely absorb cross-company correlations.
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2.5 Data and Pre-Estimations

2.5.1 Data Description

To test the hypotheses, I use information on EC decisions, which were selected for the

time period between January 1, 2000 and December 31, 2008. Announcements, not

actual decisions, are employed as it is explained in the literature that the first announce-

ment of a significant change should affect stock prices as soon as it is available (Binder,

1985). This information is taken from the database Cullen International, which collects

per-day information on changes in telecommunication regulation and competition. The

selected news are displayed in Table A.1 in Appendix A.1.1.

Thomson Financial Datastream provides share values for about 90 companies char-

acterized as telecommunication companies in the selected countries, which are EU-15

countries as well as Norway and Switzerland during the observation period. From this

schedule, five companies had to be excluded because they are listed after mid 2006 and,

thus, might be stronger affected by the firm-specific value-finding processes of the mar-

ket. Subsequently, I re-examined the remaining companies by collecting information

about firm activities from their websites. Additional companies were excluded from the

sample as either the companies are not active in the field of interest, i.e. fix-line or mo-

bile telecommunications, or as not enough stock price data points are available for the

observation period.

After these corrections, I ended up with 2447 independent event-company combinations

whereof 816 are combinations with incumbents. 32 events concern cross-market related

issues, 6 events concern country-related topics and 26 events concern company-related

announcements. There exists an over-representation of incumbent-events in particular

in the first years of the sample as most incumbents have been listed over the whole

observation period.15 Some companies are active both in fix-line and mobile markets in

multiple countries. However, no or only little information could be collected on their

activities in these countries and markets. What would be most interesting are market

15Exceptions are Telia Sonera, listed since June 14, 2000, Telekom Austria, listed since November 21,
2000, Telenor, listed since December 05, 2000, and Belgacom, listed since March 22, 2004.
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2 European Telecommunication Regulation – Effects on Telecommunication Providers

shares and sales ratios. Nevertheless, the only information, which is available from

company websites and information systems, is the particular market, this means either

fix-line or mobile markets, and the year of entry and exit. Furthermore, information

about the regional reach is obtained, i.e. whether a company is active in Europe or glob-

ally. Information about multi-market activities is collected from alternative information

sources including Bureau van Dijk’s Amadeus database and the companies’ websites.

I employ two alternative market indices, the Dow Jones 600 Telecommunications Index

Europe (Telecom Index) and the Dow Jones 600 Technology Index Europe (Technol-

ogy Index). The first includes major European telecommunication companies meaning

also some of the companies under scrutiny of the analysis. Therefore, a spurious cor-

relation challenge might exist in particular when analyzing the impact of cross-market

announcements. For these events, the impact on returns is probably mainly explained

by the change of the index. Additionally, regulation announcements potentially also

affect other companies of the index (see Rudolph and Johanning, 2004). Therefore, the

actual effect might be downward-deterred in absolute values both for returns and for

volatilities. To control for this issue, the Technology Index is used as it excludes any

telecommunication companies. It does not cover companies from the telecommunication

sector but from sectors which perform very similarly over the sample period. Some mi-

nor endogeneity might still exist as the products and services of technology companies

mainly depend on adequate telecommunication infrastructure (such as software etc.).

However, this challenge could be neglected.

The descriptive statistics of the variables used in the step-1 and step-2 estimations are

displayed in Table 2.1. The figures are mean variables in the sense that for each event,

I calculated the descriptive statistics of the observation window and aggregated results

over all events and all companies. The resulting mean values and the standard deviations

of the means are displayed here. returns is the daily relative change in stock prices, std.

dev.(returns) is the calculated mean standard deviation of returns, Telecom Index and

Technology Index variables are daily relative changes of the indices and, similarly, the

std. dev. terms correspond to the mean standard deviations of the index returns. By

26



2.5 Data and Pre-Estimations

Table 2.1: Mean Descriptive Statistics of the Variables of Steps 1 and 2

Mean(returns) -0.0018 0.0076 -0.0015 0.0038 -0.0019 0.0089

Std. Dev.(returns) 0.2996 0.1875 0.2298 0.0651 0.3346 0.2167

Mean(Telecom Index) -0.0002 0.0005 -0.0002 0.0005 -0.0002 0.0005

Std. Dev.(Telecom Index) 0.0073 0.0032 0.0076 0.0032 0.0071 0.0032

Mean(Technology Index) -0.0003 0.0007 -0.0003 0.0008 -0.0003 0.0007

Std. Dev.(Technology Index) 0.0094 0.0041 0.0099 0.0041 0.0092 0.0041

Obs.

Std. Dev.Mean

2447 816 1631

EntrantsPooled Incumbents

Std. Dev.MeanStd. Dev.Mean

comparing the pooled results with the incumbents’ and with the competitors’ results,

it is found that average returns are at a comparable level. However, average standard

deviations are much more volatile for competitors than for incumbents.

The descriptive statistics of step-3 dependent and explanatory variables are displayed in

Table 2.2 and in Table 2.3, respectively.

Table 2.2 shows only small cumulative abnormal returns and also volatilities around the

announcement dates. Following Rudolph and Johanning (2004), changes in European

regulations are probably of a minor interest for shareholders. This might be due to the

fact that the result of regulation is not directly linked to returns but is a long-run driver

of companies’ profits. Furthermore, the low values could also stem from the estimation

approach for predicted returns functions of step 1 and step 2. As the approach is the

result of an iterative estimation optimization, this technique should meet stock price

evolutions much more appropriate than standard techniques. Consequently, the devia-

tion, which is identified around an event, is expected to be less extensive but much more

robust.

Means differ only slightly depending on the underlying indices. With a larger window

size, entrants CAR are lower when applying the Technology Index, which also affects

the pooled estimation outcome. However, estimation results for the incumbents esti-

mations and the consideration of CAV show nearly identical results. In consequence,

only little evidence is found for a potential spurious regression problem. With larger
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2 European Telecommunication Regulation – Effects on Telecommunication Providers

Table 2.2: Descriptive Statistics of the Dependent Variables
3 days Pooled Incumbents Entrants Fix-Line Mobile

CAR -0.0001 -0.0001 -0.0001 -0.0003 -0.0001
(Telecom Index) (0.0076) (0.0048) (0.0087) (0.0076) (0.0076)

CAR -0.0001 -0.0001 -0.0001 -0.0002 0.0000
(Technology Index) (0.0076) (0.0048) (0.0087) (0.0076) (0.0076)

CAV 0.0010 0.0006 0.0011 0.0009 0.0010
(Telecom Index) (0.0013) (0.0005) (0.0015) (0.0013) (0.0013)

CAV 0.0010 0.0006 0.0012 0.0009 0.0010
(Technology Index) (0.0013) (0.0005) (0.0015) (0.0013) (0.0013)

7 days Pooled Incumbents Entrants Fix-Line Mobile

CAR -0.0013 -0.0015 -0.0012 -0.0028 -0.0007
(Telecom Index) (0.0270) (0.0179) (0.0306) (0.0272) (0.0266)

CAR -0.0009 -0.0015 -0.0006 -0.0021 -0.0003
(Technology Index) (0.0270) (0.0180) (0.0305) (0.0271) (0.0267)

CAV 0.0052 0.0031 0.0062 0.0051 0.0053
(Telecom Index) (0.0069) (0.0023) (0.0081) (0.0069) (0.0071)

CAV 0.0052 0.0031 0.0063 0.0052 0.0053
(Technology Index) (0.0069) (0.0023) (0.0081) (0.0069) (0.0071)

11 days Pooled Incumbents Entrants Fix-Line Mobile

CAR -0.0013 -0.0019 -0.0011 -0.0044 -0.0003
(Telecom Index) (0.0473) (0.0305) (0.0538) (0.0472) (0.0468)

CAR -0.0007 -0.0019 -0.0001 -0.0034 0.0003
(Technology Index) (0.0470) (0.0304) (0.0535) (0.0471) (0.0463)

CAV 0.0105 0.0063 0.0126 0.0104 0.0107
(Telecom Index) (0.0139) (0.0046) (0.0163) (0.0139) (0.0143)

CAV 0.0106 0.0063 0.0128 0.0105 0.0107
(Technology Index) (0.0138) (0.0045) (0.0162) (0.0139) (0.0141)

Note: Variables are means of the relevant category, std. dev. in brackets.

event windows, a stronger reaction exists both for incumbents returns in comparison

to entrants returns and for fix-line operators returns in comparison to mobile operators

returns. The comparison of the three alternative event windows shows that the seven-

days window provides the largest deviation in returns. In contrast, cumulative abnormal

volatilities increase with the window size. Controlling for fix-line or mobile operators

leads to similar results.
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2.5 Data and Pre-Estimations

Table 2.3: Descriptive Statistics of the Explanatory Variables
Mean Std. Dev. Min Max

fix-line 0.5333 0.4990 0 1

mobile 0.7360 0.4409 0 1

fix-line (multi-market activity) (1) 1.7941 2.5841 0 15

mobile (multi-market activity) (2) 1.4334 1.6973 0 9

incumbent (3) 0.3335 0.4715 0 1

foreign fix-line 0.0919 0.2890 0 1

foreign mobile 0.0826 0.2753 0 1

cross-market (4) 0.4843 0.4999 0 1

addressed market (5) 0.1606 0.3672 0 1

addressed company (5) 0.0090 0.0944 0 1

affected company fix-line 0.2795 0.4489 0 1

affected company mobile 0.3551 0.4787 0 1

1 x 4 0.8606 1.9723 0 15

2 x 4 0.6980 1.3932 0 9

4 x 5 0.0523 0.2227 0 1

4 x 6 0.0074 0.0855 0 1

With regard to volatilities, significant differences are only found between incumbent and

entrant providers: Entrants stock prices react much more volatile on announcements,

which might be due to the stronger heterogeneity in this group. In contrast, no signifi-

cant differences in volatilities exist between fix-line and mobile operators.

Let us next turn to Table 2.3. In 26.9 percent of company-event combinations, compa-

nies are involved, which are active in both fix-line and mobile markets, in 26.4 percent

only fix-line and in 46.7 percent only mobile companies are involved. Due to double-

markets activities, fix-line and mobile means do not sum up to 1. On average, each

fix-line provider (mobile network provider) is active in 1.8 (1.4) European markets over

the observation period. No provider in the sample has left one market and afterwards

entered another. About one third of the companies are incumbent providers in one

country but are also active in another country as a new entrant. These companies are

counted only once (as incumbents), as stock prices cannot be disentangled based on

country-market activities. One special case is Telia Sonera, which is the incumbent in
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2 European Telecommunication Regulation – Effects on Telecommunication Providers

Sweden and in Finland after the companies merged in 2002. Less than 10 percent of

fix-line and of mobile providers are active in countries other than the EU-15 countries,

Norway or Switzerland. Dummies for regulation-addressed companies are used to sepa-

rate addressed companies from others in the same market.

Table 2.4: Summary Statistics and Test Results of the Iterative Estimation Process

Pooled

Mean 
(Std. Dev.)

Minimum
(Share Min.)

Maximum
(Share Max.)

Mean 
(Std. Dev.)

Minimum
(Share Min.)

Maximum
(Share Max.)

AR
lag ar 3.826 0 6 4.114 0 7

(1.675) (0.056) (0.193) (1.899) (0.048) (0.133)

Chi_sq (df) 76.6 (4.914) 0.000 1553.6 77.8 (5.122) 0.000 1561.1
(77.5) (77.0)

log likelihood 43.0 -347.6 830.1 44.3 -339.8 890.4
(200.3) (203.3)

(G)ARCH
lag error_sq (=p) 1.924 0 8 2.097 0 8

(2.152) (0.357) (0.017) (2.240) (0.340) (0.014)

lag sigma_sq (=q) 1.980 1 6 2.112 1 8
(1.688) (0.678) (0.095) (1.994) (0.675) (0.042)

Chi_sq (df) 35183 (1.886) 0.000 7014.8 306.2 (1.954) 0.000 617316
(1584476) (12898)

log likelihood 1320.5 -296.2 1191.8 57.8 -293.8 1289.4
(305.4) (212.7)

Telecom IndexTechnology Index

Note: lag sigma_sq = 0 corresponds to an ARCH process, whereas lag sigma_sq > 0
represents a GARCH process.
lag error_sq = 0 and lag sigma_sq = 0 corresponds to the standard assumption of the usual
model.

2.5.2 Pre-Estimation Results

Table 2.4 provides pooled summary statistics and test results for the step-1 and the

step-2 estimations.16 Estimations with the Technology Index have an, on average, lower

optimum lag length in all three specifications both for the AR and for the GARCH

process. Comparing the outcomes of the incumbents estimations and the entrants es-

timations, the AR process is shorter for the entrants estimations but the (G)ARCH
16Tables A.3 and A.4 in Appendix A.1.2 show the results separated for incumbents and entrants.
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2.6 Estimation Results and Discussion

process is longer, which is in line with the findings on cumulated abnormal returns (Ta-

ble 2.2). The Chi-square tests and also the Log-Likelihood tests are found to be weak

instruments to compare variable and estimation quality because of their broad volatility

across the alternative estimations.17

The standard approach used in the literature to proxy the actual stock price returns

process assumes no explicit time structure, which corresponds to ar = 0 and also p = 0

and q = 0. If the iteration provides a lag length variance of zero, q = 0, to be best

the ARCH model meets the underlying error term process better than the GARCH

model. However, this specification neither exists for the incumbents nor for the entrants

models. Moreover, as the combination of lag ar = 0, p = 0 and q = 0 is found in no

estimation to be the best estimation approach, the AR-GARCH estimator with higher

lag lengths always meets the actual stock price development better. In consequence, the

pre-estimation results provide evidence that the iterating method is preferable to the

standard approaches, in particular for the incumbents estimations.

2.6 Estimation Results and Discussion

After the very technical consideration of descriptive statistics and pre-estimation results,

let us now turn to the step-3 estimation results and their discussion. Results are pro-

vided for multiple estimation specifications starting with the less restricted estimations,

including all relevant dummies, subsequently, including additional country controls of

the affected companies and, finally, adding also interaction terms. Appendix A.1.3 pro-

vides the results of estimations for each event group separately (Tables A.5 - A.7). The

step-3 estimation results are based on heteroscedasticity-consistent GLS-estimations of

equations (2.5) (based on Huber-White-corrected variance-covariance matrices).

17Moreover, the Chi-square test is not a test to compare specifications of alternative estimations.
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2 European Telecommunication Regulation – Effects on Telecommunication Providers

Table 2.5: Estimation Results without Control Variables

cross-market 0.0001 -0.0002 0.0014 0.0002 -0.0000 0.0016
( 0.0003 ) ( 0.0012 ) ( 0.0021 ) ( 0.0003 ) ( 0.0012 ) ( 0.0021 )

addressed country 0.0012 ** 0.0032 * 0.0054 * 0.0012 ** 0.0030 * 0.0054 *
( 0.0005 ) ( 0.0018 ) ( 0.0031 ) ( 0.0005 ) ( 0.0018 ) ( 0.0031 )

addressed company -0.0018 * -0.0096 *** -0.0100 * -0.0019 * -0.0101 -0.0113 **
( 0.0010 ) ( 0.0031 ) ( 0.0053 ) ( 0.0010 ) ( 0.0029 ) ( 0.0052 )

fix-line 0.0001 -0.0018 -0.0050 ** -0.0000 -0.0024* -0.0063 ***
( 0.0004 ) ( 0.0013 ) ( 0.0023 ) ( 0.0004 ) (0.0013 ) ( 0.0023 )

mobile 0.0007 0.0017 0.0017 0.0006 0.0012 0.0008
( 0.0005 ) ( 0.0016 ) ( 0.0027 ) ( 0.0005 ) ( 0.0016 ) ( 0.0027 )

constant -0.0009 -0.0015 -0.0008 -0.0008 -0.0013 -0.0001
( 0.0005 ) ( 0.0020 ) ( 0.0034 ) ( 0.0005 ) ( 0.0020 ) ( 0.0034 )

# Observations
F-Test (df)
R2

cross-market -0.0000 -0.0002 -0.0006 0.0000 0.0000 -0.0001
( 0.0001 ) ( 0.0003 ) ( 0.0006 ) (0.0001 ) ( 0.0003 ) ( 0.0006 )

addressed country -0.0000 -0.0003 -0.0007 -0.0000 -0.0001 -0.0001
( 0.0001 ) ( 0.0004 ) ( 0.0008 ) ( 0.0001 ) ( 0.0004 ) ( 0.0008 )

addressed company -0.0006 *** -0.0033 *** -0.0065 *** -0.0005 *** -0.0028 *** -0.0054 ***
( 0.0001 ) (0.0004 ) ( 0.0007 ) ( 0.0001 ) ( 0.0004 ) ( 0.0007 )

fix-line -0.0000 -0.0000 0.0002 -0.0000 -0.0000 0.0002
( 0.0001 ) ( 0.0004 ) ( 0.0007 ) ( 0.0001 ) ( 0.0003 ) ( 0.0007 )

mobile 0.0000 0.0001 0.0005 0.0000 0.0003 0.0009
( 0.0001 ) ( 0.0004 ) ( 0.0008 ) ( 0.0001 ) ( 0.0004 ) ( 0.0008 )

constant 0.0010 *** 0.0053 *** 0.0106 *** 0.0009 *** 0.0050 *** 0.0099 ***
( 0.0001 ) ( 0.0005 ) ( 0.0010 ) ( 0.0001 ) ( 0.0005 ) ( 0.0010 )

# Observations 2411 2411 2411
F-Test (df) 16.32 (5) 23.62 (5) 19.26
R2 0.0020 0.0021 0.0023

CAV (3) CAV (11)

14.27 (5)

0.0040 0.0055 0.0056 0.0040 0.0062 0.0076

0.0019 0.0019 0.0019

2431 2431

2.21 (5) 4.06 (5) 3.38 (5) 2.35 (5) 4.90 (5)

9.92 (5) 15.04 (5)

CAV (3) CAV (7) CAV (11)

2431

2411 2411 2437 2437 2437
2.21 (5)

CAV (7)

Technology Index Telecom Index

CAR (3) CAR (7) CAR (11) CAR (3) CAR (7) CAR (11)

2411

Note: ∗∗∗, ∗∗, ∗ represent significance at the 1, 5 and 10 percent significance level, standard
errors are displayed in brackets.

From the discussions in line with Hypothesis 1, a positive impact of type-1 interven-

tions should exist as this type of interventions is implemented to increase competition

and market efficiency after the adoption of the Regulatory Packages is found to be in-

sufficient. The coefficients of cross-market interventions are significantly positive,

in particular with larger event windows and when controlling for country differences.
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2.6 Estimation Results and Discussion

Due to the complexity of such regulatory adjustments, interested groups gain detailed

information prior to the date of the official implementation via rumors and leading an-

nouncements and actions. In consequence, the findings are in line with Binder (1985)

and Sallinger (1992) who both argue that stock prices already adjust before the actual

date of an official announcement. Concerning volatilities, no significant coefficients are

found. Only the interaction term with fix-line operators provides evidence for a signifi-

cantly higher volatility. Thus, the estimation results confirm Hypothesis 1 of a positive

impact of cross-market regulation on stock prices.

Following the second hypothesis, regulation addressing individual national mar-

kets should have a positive impact on stock prices. The EC adopts this type of actions

suspecting a country’s regulation or behavior to favor particular companies. An inter-

vention by the EC is therefore implemented to reduce a potential deterrence, which

should increase producer surplus as a whole.

The estimation results support this discussion as the relevant coefficients are significantly

positive in all estimations. From the selected news (Table A.1 in Appendix A.1.1), it

might be expected that country biases are mainly in favor of the incumbents before reg-

ulation is introduced. In consequence, interventions reduce the exceptional position of

incumbents, which should have a negative impact on their firm values. I introduce inter-

action terms for companies’ incumbency in a country to the estimations to analyze this

extensional aspect. However, the results in Table 2.7 show no significant additional effect

leading to the conclusion that the incumbents’ stock prices react not significantly differ-

ent from competitors’ stock prices. This finding is in line with the analyses in Krouse

and Park (2003) and Bel and Trillas (2005), who also identify positive or, at least, no

significantly negative effects on incumbents’ stock prices due to country-specific regula-

tions. With regard to volatilities in stock prices, no significant effect could be identified.

Following Krouse and Park’s (2003) arguments, these results support the expectations

that EC interventions approve the effectiveness of the addressed markets, which out-

weighs the negative direct impact on incumbents.
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Table 2.6: Estimation Results with Control Variables

cross-market 0.0011 0.0111 * 0.0285 ** 0.0017 0.0118 * 0.0288 **
( 0.0014 ) ( 0.0063 ) ( 0.0117 ) ( 0.0014 ) ( 0.0062 ) ( 0.0117 )

addressed country 0.0014 *** 0.0037 * 0.0064 * 0.0013 ** 0.0030 0.0054 *
(0.0005 ) ( 0.0020 ) ( 0.0035 ) ( 0.0005 ) ( 0.0020 ) ( 0.0034 )

addressed company -0.0018 * -0.0097 *** -0.0099 ** -0.0019 * -0.0103 *** -0.0112 **
( 0.0011 ) ( 0.0030 ) ( 0.0046 ) ( 0.0011 ) ( 0.0028 ) ( 0.0045 )

incumbent 0.0000 -0.0002 -0.0007 0.0001 0.0004 0.0005
( 0.0003 ) ( 0.0010 ) ( 0.0018 ) ( 0.0003 ) ( 0.0010 ) ( 0.0018 )

fix-line 0.0001 -0.0019 -0.0047 * -0.0000 -0.0025 * -0.0060 **
( 0.0004 ) ( 0.0015 ) ( 0.0026 ) ( 0.0004 ) (0.0015 ) ( 0.0026 )

mobile 0.0007 0.0020 0.0021 0.0006 0.0015 0.0010
( 0.0005 ) ( 0.0016 ) ( 0.0028 ) ( 0.0005 ) ( 0.0016 ) ( 0.0028 )

foreign fix-line 0.0006 0.0025 0.0011 0.0008 0.0025 0.0011
( 0.0006 ) ( 0.0024 ) ( 0.0040 ) (0.0006 ) ( 0.0024 ) ( 0.0041 )

foreign mobile -0.0002 0.0008 0.0034 -0.0002 0.0009 0.0032
( 0.0005 ) ( 0.0019 ) ( 0.0034 ) ( 0.0005 ) ( 0.0018 ) ( 0.0033 )

constant -0.0020 -0.0015 -0.0285 ** -0.0008 -0.0138 ** -0.0282 **
( 0.0015 ) ( 0.0020 ) ( 0.0121 ) ( 0.0005 ) ( 0.0064 ) ( 0.0121 )

# Observations
F-Test (df)
R2

cross-market 0.0002 0.0006 0.0008 0.0003 0.0013 0.0020
( 0.0003 ) ( 0.0014 ) ( 0.0028 ) (0.0003 ) ( 0.0014 ) ( 0.0027 )

addressed country 0.0000 -0.0001 -0.0002 0.0000 0.0002 0.0004
( 0.0001 ) ( 0.0005 ) ( 0.0009 ) ( 0.0001 ) ( 0.0005 ) ( 0.0009 )

addressed company -0.0004 *** -0.0018 *** -0.0034 *** -0.0002 ** -0.0011 ** -0.0021 **
( 0.0001 ) (0.0004 ) ( 0.0009 ) ( 0.0001 ) ( 0.0005 ) ( 0.0010 )

incumbent -0.0006 *** -0.0032 *** -0.0065 *** -0.0006 *** -0.0032 *** -0.0065 ***
( 0.0000 ) ( 0.0002 ) ( 0.0005 ) ( 0.0000 ) ( 0.0002 ) ( 0.0005 )

fix-line 0.0000 0.0001 0.0004 -0.0000 0.0000 0.0003
( 0.0001 ) ( 0.0004 ) ( 0.0008 ) ( 0.0001 ) ( 0.0004 ) ( 0.0008 )

mobile 0.0000 0.0003 0.0009 0.0001 0.000 0.0014 *
( 0.0001 ) ( 0.0004 ) ( 0.0008 ) ( 0.0001 ) ( 0.0004 ) ( 0.0008 )

foreign fix-line 0.0004 *** 0.0021 *** 0.0043 *** 0.0005 *** 0.0026 *** 0.0051 ***
( 0.0001 ) ( 0.0006 ) ( 0.0012 ) ( 0.0001 ) ( 0.0006 ) ( 0.0012 )

foreign mobile -0.0002 ** -0.0015 *** -0.0030 *** -0.0003 *** -0.0020 *** -0.0042 ***
( 0.0001 ) ( 0.0005 ) ( 0.0009 ) ( 0.0001 ) ( 0.0004 ) ( 0.0008 )

constant 0.0009 *** 0.0052 *** 0.0107 *** 0.0008 *** 0.0044 *** 0.0093 ***
( 0.0003 ) ( 0.0015 ) ( 0.0030 ) ( 0.0003 ) ( 0.0015 ) ( 0.0029 )

# Observations
F-Test (df)
R2

country dummies included

country dummies included

0.0566 0.0067 0.0626 0.0607 0.0650 0.0663
13.19 (17) 14.45 (17) 14.79 (17) 12.31 (17) 13.53 (17) 13.80 (17)

2411 2411 2411 2431 2431

CAV (3) CAV (7) CAV (11) CAV (3) CAV (7) CAV (11)

2431

0.01490.0061 0.0124 0.0130 0.0061 0.0136
0.99 (17) 2.37 (17) 2.48 (17) 1.03 (17) 2.83 (17) 2.97 (17)

2411 2411 2411 2437 2437 2437

CAR (3)
Telecom IndexTechnology Index

CAR (7) CAR (3) CAR (7) CAR (11)CAR (11)

Note: ∗∗∗, ∗∗, ∗ represent significance at the 1, 5 and 10 percent significance level, standard
errors are displayed in brackets.
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2 European Telecommunication Regulation – Effects on Telecommunication Providers

Company-specific regulations have a significantly negative impact on stock price

returns. Moreover, including interaction terms with incumbency provides evidence that

the negative effect stems from the combination regulation – incumbency as the explana-

tory power of the regulation term shifts to the interaction term. The reduction in

volatility in line with company-specific regulation underlines these findings. If an inter-

vention addresses single companies, shareholders’ interpretations of the action are more

akin leading to a significant reduction in stock price volatility. In alternative estima-

tion approaches, I include dummies to consider the reactions of other companies in the

market of the addressed companies (see Table A.7). From the previous discussions, we

should expect a positive externality on competitors if the SMP of one company in the

same market is reduced. However, the estimation results provide only weakly significant

evidence, if at all.

Following the discussion in line with Hypothesis 4, a stronger reaction in absolute

terms for company-related interventions than for cross-market and country-addressing

interventions should exist. Moreover, volatilities in reactions should simultaneously be

lower. The comparison of the relevant coefficients requires the consideration of the

difference in absolute values. If this difference is significantly positive or negative the

strength of the impacts differ from each other. Wald test results provide no evidence for

significant differences between type-3 intervention coefficients and the coefficients of the

other types of interventions for the returns estimations. In the volatility estimations,

company-addressing interventions result in a significantly lower reaction than indirected

interventions. Including interaction terms between country-addressing interventions and

incumbency provides similar results: Firm owners expect no differences in the size of the

regulatory impacts on the affected companies dependent on the type but their reactions

are more akin with directed interventions. These results confirm the argumentation in

line with Hypothesis 4 only partially. By including an additional administrative stage,

regulation better meets national distinctions due to regulators’ proximity to markets

under scrutiny. However, additional interested groups on the national level react on

regulatory announcements, which are, firstly, national governments and regulators and,
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2.6 Estimation Results and Discussion

secondly, also the addressed companies in the market as soon as the announcement of

a change in the market structure is available. In consequence, at the point in time of

the EC regulatory announcement, companies do not know the actual regulatory adjust-

ment, which will be finally implemented to the markets. This causes uncertainty, which

is expressed by higher stock price volatilities. In contrast, directly addressing individual

companies excludes the intermediate stage, which reduces regulatory uncertainty and

the uncertainty about the final market outcome.

The comparison of the H2 estimation results and the H3 estimation results raises the

question whether affected companies discriminate between the type of EC interventions.

While no significant difference is identified in absolute values, Wald tests on the differ-

ence between the coefficients confirm the idea that companies discriminate. Thus, the

estimation results support Hypothesis 4, i.e. companies distinguish between indirected

regulation (cross-market-related regulation and country-related regulation) and directed

regulation (company-related regulation) with their adjustments of market strategies.

However, the strength of reactions does not differ between the types.

The consideration of the control variables provides little evidence for significant differ-

ences between fix-line activities, mobile or mixed activities. Mobile providers’ stock

price returns react in line with fix-line providers’ stock price returns, independently of

whether an event addresses a particular mobile or fix-line market. In contrast, a signifi-

cantly negative effect is found for fix-line companies only for the largest event window.

While no significant effect on returns exists for the cross-market – fix-line interaction

coefficients, a significant increase in volatility is found. Including dummies for foreign-

country activities results in an ambiguous picture: Fix-line providers’ stock prices are

more volatile. However, no such enhancement effect is found with multi-mobile market

activities. The volatility effect is even stronger when being active in more fix-line mar-

kets.18 Fix-line regulation has a much stronger impact on market outcomes than mobile

regulation, which could be due to the higher market concentration in fix-line markets.

18Estimation results on multi-market activities are displayed in Table A.5 in Appendix A.1.3.
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2 European Telecommunication Regulation – Effects on Telecommunication Providers

In a nutshell, the findings confirm the idea that affected companies react differently to

regulatory interventions by the EC. While the EC uses two alternative instruments to

affect the outcome of particular national markets – either by addressing the country,

i.e. the government or the regulator, or by addressing individual companies – company

reactions to these regulation announcements do not significantly differ. While market-

related actions shift the actual market implementation to the national administrative

stage and, thus, leave more room for national adjustments, directly addressing com-

panies excludes uncertainty stemming from national influences. However, stock-price

reactions prove that company-addressing interventions do not necessarily improve the

situation for competitors in the same market.

2.7 Conclusion

In this chapter, I considered how the value of companies is affected by announcements

about the adoption of alternative regulatory instruments by the EC. Regulatory inter-

ventions are classified into three categories depending on the addressee. The first type

of interventions are cross-market approaches to build or change the common regulatory

and competition framework of all EU member states. The second type of interventions

are actions against particular country laws or habits if the EC finds one company or a

group of companies to benefit from the national situation compared to competitors due

to the actual implementation of the EU regulatory guidelines. The last type of inter-

ventions are actions against particular companies. Each of these interventions affects

the market structure or the behavior of individual companies, which changes companies’

expected future profits and, thus, their net present values.

By employing a modified event study approach, I have considered how these alterna-

tive types of interventions are evaluated by the market. While the first two types,

cross-market and country-interventions, address markets as a whole, the last type di-

rectly addresses individual companies. However, all approaches are implemented to

enforce competition and to increase efficiency. Cross-market- and country-related types
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2.7 Conclusion

of interventions are found to have a significantly positive effect on stock price returns,

which is in line with the intention of the EC. Similarly, a negative effect exists for the

last type as this kind of interventions is implemented to weaken an anti-competitive

advantage of the addressed company or group of companies. Nevertheless, no significant

differences in the size of the reactions is found between alternative types of interventions

but in the strength and the direction.

These results provide new insights into the intentions of European regulations and how

to employ the EC regulatory instruments more effectively. With regard to particular

national market interventions, the EC can choose between two instruments, which are

country-related interventions or company-related interventions. The market outcome

depends on the EC’s suspicion whether national administrations implement their aims

adequately. While country-related interventions leave room for adjustments to national

distinctions in the implementation process, company-related interventions exclude this

adjustment step. Although the expected size effect on companies is independent from

the type of interventions, indirected interventions of regulatory adjustments result in

more uncertainty about the actual implementation as regulation is additionally adjusted

by governments and regulators on the national stage after the European announcement.

Therefore, companies are aware of forthcoming regulatory changes but they do not know

the actual implementation to the market structure which raises uncertainty.

Moreover, the estimation results provide evidence that country-related interventions lead

to similar expectations of incumbents’ and competitors’ shareholders even if the reason

for an intervention is existing significant market concentration in favor of the incumbent.

These results support the findings in the literature on national regulations. Following

Krouse and Park’s (2003) argumentation, the efficiency increase of interventions out-

weighs the negative direct impact on the incumbent’s firm value. On the other hand,

company-related interventions, which mostly address incumbent providers, result in no

significant externalities on competitors.
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2 European Telecommunication Regulation – Effects on Telecommunication Providers

The event study methodology is an established approach to evaluate regulatory actions.

So far, it has been mostly used for single company considerations in telecommunications

(Rudolph and Johanning, 2004; Ehrmann et al., 2005; Bel and Trillas, 2005). Employ-

ing it to multi-companies studies allows for an econometric analysis of market reactions

to regulatory changes. Nevertheless, some pitfalls have to be kept in mind, which re-

quire attention also in future work: Firstly, a selection bias exists as only larger, listed

companies could be considered. In regulated markets, new entrants are mostly smaller

and not necessarily listed at a stock exchange, which means that larger providers are

over-weighted in a sample. Secondly, the methodology strongly relies on expectations

about the future outcome of today’s regulation as stock prices represent discounted

expected future profits. Finally, multi-companies studies require the consideration of

cross-company effects. Multiple GARCH models allow the consideration of cross-effects.

However, estimation complexity still demands a short-time structure.

Nevertheless, until today the empirical consideration of single changes in regulatory pat-

terns is mostly reduced to descriptive comparisons as a change in regulation can hardly

be statistically isolated from other market drivers because of its long-term orientation.

The event study methodology is an instrument to bring a regulator’s long-run expecta-

tions about a regulatory intervention down to a short-run evaluation of the market.
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3 The National Regulatory
Structure against the Background
of the European Regulatory
System

3.1 Introduction

Multiple political powers affect regulation and, thus, the development of telecommuni-

cations on the European level, the national level and the sub-national level. The EU

Parliament and the EC seek to reach the objective of a pan-European integration of

member states’ telecommunication markets and provide the necessary regulatory instru-

ments on both the European and the national level. National governments support

this aim but are additionally interested in not losing national sovereignty. Moreover,

national governments follow aims, which are not primarily in line with the integration

process but which have to address individual member states’ goals and which have to

tackle individual member states’ challenges. Due to the key role of telecommunications

for economic development, national governments are comprehensively engaged in their

national telecommunication sectors in alternative roles. In this chapter, I consider these

roles of national governments under the European regulatory framework with a partic-

ular focus on the implementation of the first two Regulatory Packages1 and how they

affect the development of national telecommunication markets.2

1These are the Regulatory Package of 1998 in line with the liberalization and the Regulatory Package
of 2002/2003 for the harmonization of national telecommunication markets preparing the integration
process.

2I concentrate on the governmental influence on the sector and, to a far extent, refrain from the reverse
influence where this is possible.
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3 The National Regulatory Structure

A number of studies exist which address the role of the government in particular indus-

tries. Seminal papers are the contributions by Stigler (1971) and Peltzman (1976) or,

more recently, Henisz and Zelner (2001). Persson and Tabellini (2000) and, subsequently,

Duso and Röller (2003) consider the political influence in the context of (de-)regulation.

While most studies analyze the role of the government in the economy or in regulated

sectors as a whole, the telecommunication sector provides a particular situation, firstly,

because of its key role as an input good for other industries and, secondly, because of its

historical background as a fully governmentally controlled sector, which has been liber-

alized. This background caused strong interrelationships between national governments

as well as public administrations and incumbent operators and led to personal inter-

dependencies between market participants and governments or between regulators and

governments. The strong interrelationships between political powers and telecommuni-

cation sectors are under the suspicion of the EC as they might influence competition

and the European integration process.

Concerning network-based markets an ongoing debate exists among academics, politi-

cians and infrastructure and service providers about the compatibility of long-run in-

vestments with a sunk-cost character and competition on the infrastructure or, also,

between alternative infrastructures. The key regulatory challenge is the provision of

adequate investment incentives when competition keeps profits low. Against this back-

ground, Section 2 provides an overview of the European regulatory system with its in-

struments and how they are implemented to balance these static and dynamic regulation

aims. Moreover, I describe the discussion of competition promotion and infrastructure

investments based on the existing European regulatory system.

Section 3 considers the alternative roles of governments as the representatives of states

in the telecommunication sector. As lawmakers, governments determine the framework

for the development of the sector as a whole. Simultaneously, governments affect strate-

gic decisions of regulators as, in general, national parliaments elect the members of the

regulators’ presidential chambers, i.e. the strategic departments of regulators. On the

other hand, governments are involved in sector participants and directly influence sector
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3.2 Regulation – the pan-European Perspective

activities as, in most countries, they still keep minority stakes in telecommunication

operators and support the installation of infrastructure with public grants. Combining

the measures available in the alternative roles even increases regulatory powers to affect

sector activities and to control the sector as a whole. I use examples from the EC Im-

plementation Reports to consider the dichotomous roles of governments in the interplay

of investments, competition and regulation and compare the national outcomes.

Section 4 is an extension to the previous sections as it discusses main regulatory changes

of the Third Regulatory Package, which have to be adopted to national laws by June

2011, in the light of the current market situation. Thus, Section 4 provides an outlook of

expected future developments based on the current momentum in the European market

integration process. Section 5 concludes the chapter and highlights some key aspects

which require further consideration also under the Third Regulatory Package.

3.2 Regulation – the pan-European Perspective

This section provides an overview of European regulatory instruments mainly from the

EC perspective and, subsequently, discusses the double aim of competition enforcement

and investments in the context of the First and the Second Regulatory Package.

3.2.1 Instruments for Harmonizing Regulation in Europe

Regulatory Packages

The EC intends to merge individual telecommunication markets of EU member states

to one common EU-wide market and uses both ex ante and ex post measures to imple-

ment this comprehensive task. The key pre-requisite is the harmonization of national

telecommunication laws. Regulatory Packages determine the framework of regulation

harmonization as they provide the guidelines to be implemented to national laws in all

member states. Until today, two EC Regulatory Packages are effective. The first was

established in line with the liberalization in 1998 as a framework for the transition of

former monopolistic markets to efficient and competitive markets. The second was in-

troduced in 2002/2003 to continue the harmonization of national telecommunications
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3 The National Regulatory Structure

and to foster and to secure competition aims. Following the first proposal for this Sec-

ond Regulatory Package, it became necessary to introduce new rules, which meet the

unexpected technological and structural changes after the liberalization.3

Each Regulatory Package covers a range of multiple guidelines ordered in directives which

give more detailed information about how regulation should be implemented on the na-

tional level. For example, the Second Regulatory Package consists of the Framework

Directive, which provides the general framework for the implementation of regulation,

and five specific directives, which all cover a particular issue in national markets.4 Mem-

ber states are obliged to transpose these directives to national laws in a pre-determined

period of time taking into account country distinctions.

Due to the growing importance of customers as active information providers, the Third

Regulatory Package stronger secures the new role of customers fostering the pan-

European integration of telecommunication markets. This last Regulatory Package was

set up after the second round of market reviews in 2006, was introduced in December

2009 and has to be transposed to national laws by June 2011.

Monitoring and Controlling the Integration Process

While Regulatory Packages provide the strategic perspective for harmonizing European

regulation efforts, the EC uses alternative measures and institutions to smooth the long-

term regulatory process and to react on current issues. In particular, it demands a vivid

exchange of information based on public consultations with interested groups before

adopting new regulatory steps or adjusting current regulations. Considering the moni-

toring procedure, NRAs are obliged to analyze markets on a regular basis and consider

whether companies with SMP exist. The results of these analyses are reported to the EC

(Framework Directive, article 16). This individual market information offers a compre-

hensive knowledge stock about national markets as a whole, individual companies with
3http://ec.europa.eu/information_society/topics/telecoms/regulatory/new_rf/
documents/com2000-393en.pdf

4The five specific directives are the Access Directive (2002/19/EC), the Authorization Directive
(2002/20/EC), the Universal Directive (2002/22/EC), the Directive on Privacy and Electronic Com-
munications (2002/58/EC) and the Directive on Competition in the Markets for Electronic Com-
munications Networks and Services (2002/77/EC). Please also see Figure A.1 in Appendix A.2.1.
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SMP and also NRAs, national laws and particular aspects of national regulation habits.

Based on this information and on own monitoring results, the EC directly intervenes in

telecommunication markets if it suspects the situation in a market not to be in line with

the EU regulatory framework.

The EC uses mainly three types of instruments to intervene on current regulatory issues

depending on the addressee: Firstly, the most comprehensive intervention refers to a

particular market type across all member states. It is adopted if the EC expects Regula-

tory Packages not to meet a particular issue, due to changes in the market structure or

due to technological changes (cross-market interventions). Secondly, the EC addresses

a member state market if it suspects national regulation to be insufficient or if current

or forthcoming regulatory practices benefit one company over its competitors (country-

addressing interventions). An example, which will be discussed below, is the roll-out of

high-speed internet in Germany. Thirdly, the last type of interventions addresses single

companies or a group of companies if SMP is abused (company-specific interventions).

While the first two types require reactions by national institutions, the government or

the regulator, the last type directly addresses individual companies and, thus, comprises

the gray area between regulation and antitrust.5

Alternative approaches in line with the harmonization and integration of European

telecommunication markets offer a comprehensive set of instruments for the regulation

process which are primarily based on a top-down approach due to the coordination of

the European integration process (the Regulatory Packages, the monitoring procedures).

On the other hand, reverse loops are installed providing input to the EC (consultations

with NRAs and other interested groups). Moreover, national distinctions are explicitly

recognized in the transposition process of Regulatory Packages to national laws. With

this combination of reverse monitoring and controlling mechanisms, the integration pro-

cess allows for comprehensive sovereignty of national member states. However, national

governments use their sovereignty to follow own aims with national telecommunication

sectors, which are not necessarily in line with the pan-European integration aim as will

be discussed in Section 3.3.

5More detailed information about the alternative instruments of the EC and how their execution affects
markets and companies is provided in Chapter 2.
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3.2.2 Investments and Competition

Telecommunications experienced a comprehensive change in transmission technologies

between the late 1990s and about 2004. Radical technological innovations enable much

higher transmission rates, which allow for higher-quality services on the existing infras-

tructure.6 Although improvements in the transmission technology encourage higher-

quality services, the majority of the existent physical infrastructure components remain

on their basic level. In consequence, an increasing gap between physical infrastructure

development and the transmission technology development exacerbates the internaliza-

tion of service profits by physical infrastructure operators.

Service providers take up the potential of higher transmission capacities, firstly, by

providing more services and, secondly, by providing higher-quality services. This differ-

entiation on the service level increases the attractiveness of telecommunication usage as

a whole. As a result, transmission system innovations move telecommunication markets

from a "supply push" situation to a "demand pull" situation.7

However, the introduction and protection of efficiency and competition is an ongoing

challenge within the European integration process. After competition has been installed

on the service level, the cumbersome task to be solved is local loop competition, which

requires NRAs’ and competition authorities’ attention until today. As infrastructure

providers bear the risk of (not) re-financing investments, they choose the level of in-

frastructure availability based on company-specific strategic aims but ignore positive

externalities provided by their investments. Following Knieps (2007) and Bauer and

Bohlin (2007), national telecommunication laws must strictly determine the environ-

ment for efficient local loop access negotiations. Consensus exists among politicians,

NRAs and telecommunication companies on the essential facility property of the local

loop. However, the guidelines in the Second Regulatory Package leave room for inter-

pretation resulting in additional challenges in the national transposition process. As

6Think of, e.g., ADSL, which requires physical adjustments in the street cabinets to enable higher
speed services like, e.g., VoIP services (De Bijl and Peitz, 2005).

7The impact of service competition on infrastructure provision is considered in Chapter 4 in more
detail.
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the Regulatory Packages provide no further details on how to implement directives to

national laws, lawmakers on the national level have repeatedly chosen an insufficient

level of concreteness in the transposition process.

In a nutshell, the EC follows the aim of telecommunication market integration across

all EU member states with alternative instruments, which include directed and indi-

rected interventions and ex ante and ex post monitoring and controlling instruments.

Regulatory Packages are the key vehicle as they prepare the steps to the integration

and guide the comprehensive preparations. The rules provided in this framework have

to be transposed to national laws by national governments taking into account national

distinctions. As EU member states are at different stages of market competition and

infrastructure availability and quality, the guidelines are set at a very high level of ab-

straction. This provides a particular challenge for NRAs’ implementation to markets as

national transpositions of highly abstractive guidelines also result in a low level of con-

creteness in many national telecommunication laws. Moreover, insufficient transposition

and in-transparent decision-making on the national stage hamper both competition and,

in particular, investments in many EU member states.

3.3 The Dichotomous Roles of Governments in the
Telecommunication Sector

Due to the high impact of telecommunications on other sectors, national governments

follow multiple dichotomous aims in telecommunication markets. These aims are the

transposition of the EU guidelines as well as the installation of a sufficiently high level

of infrastructure and service quality and the installation of competition and efficiency.

However, they also comprise individual national aims, which directly and indirectly affect

the transposition process. Until today, most EU member states are actively engaged in

their telecommunication sectors by keeping shares and stakes in the incumbent operator

and by providing legal and financial incentives for infrastructure investments. Following
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Levy and Spiller (1994, 1996), institutional endowments of countries in a sector influ-

ence the implementation of regulatory rules and directly affect the strategic behavior of

regulated companies.

Turning to the link between infrastructure provision and users, governments use their in-

terrelationship to sector companies to support the installation of adequate infrastructure

quality and availability. Based on the Universal Service Directive and the Framework

Directive (2002/21/EC, Article 8.2), national governments have to balance the roll-out

of high quality infrastructure in more profitable regions and the availability of an ade-

quate level of infrastructure quality in less profitable regions. Thus, they have to keep

the urban-rural quality differential as low as possible. While this is of minor importance

for smaller countries such as the Netherlands, it is a major problem for larger countries

with a lower population concentration such as France or Germany. In densely popu-

lated areas, companies voluntarily invest as they expect to re-finance their investments

in a shorter period of time. In contrast, infrastructure providers are less interested in

investing in less densely populated areas because of a lower return-on-investments ra-

tio. Therefore, investments in rural areas are enforced by universal service obligations

and public funding to guarantee a basic level of infrastructure capacity. In the follow-

ing, I consider alternative roles with which governments influence telecommunication

competition and investments, how they are implemented and how they interact.

3.3.1 Governments as Lawmakers and Providers of the National
Regulatory System

Governments have to develop and maintain a legal system, which adopts the alternative

propositions on infrastructure provision and competition derived from the Regulatory

Packages. On the one hand, such a system determines the framework for the current

market situation and, on the other hand, it has to be flexible for adjustments in the

market structure and in technological developments. Thus, such a framework has to

balance static and dynamic regulation aims depending on the underlying intention of

governments. The EC is aware of these challenges for national policymakers in the
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transposition process and allows for flexibility, firstly, with regard to adjustments to

national distinctions, secondly, in terms of transposition time and, thirdly, due to the

concreteness and wording of national laws.

National distinctions comprise geographical and demographical as well as cultural dif-

ferences and distinctions in national administrative systems. While geographical and

demographical aspects are observable and could easily be monitored by European ad-

ministrations, cultural distinctions and, in particular, aspects depending on national

administrative systems are not fix requisites but could mostly be adjusted only with a

long-term perspective. This is a key challenge in the telecommunication sector: The

administrative system is strongly based on the sector structure before the liberalization

with one publicly owned telecommunication provider and a low level of technological

change. However, this system hardly meets the market development after the introduc-

tion of competition, which hampers the position of competitors due to lagging regulatory

flexibility.

The transposition time is the time span between the introduction of a new Regula-

tory Package and the finalization of its implementation to the national law. While

the Regulatory Package determines a final date for the transposition, this requirement

provokes criticisms by the EC as national governments have intentionally extended the

transposition process. In particular, when transposing the First Regulatory Package,

many countries needed more time than the pre-determined period. In less innovative

industries, an extension of the implementation time shifts upcoming competition to the

future. However, in the telecommunication sector, the extension of the first transposi-

tion period came together with the implementation of more comprehensive transmission

technologies in fix-line markets (broadband for private customers). Thus, the extension

of the transposition period enabled incumbent operators to establish their customer base

with no or only little competition, which provided an increasing first-mover advantage.

Based on long-lasting contracts, customers were locked in with their providers. Con-

sequently, even the EC requirement of local loop unbundling in 2000 (Regulation No.

2887/2000/EC) has had only a weak effect on competition.
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Table 3.1: National Lawmaking against the Background of the EU Regulatory Guidelines
Year Country Statement/Concern

1997 UK Main principles of the first regulatory package became effective.
UK Authorities have hampered local loop access for competitors arguing that the access to the copper 

loop would not improve local loop competition. In contrast, such a step would jeopardize the 
development of facility-based competition.

1998 Germany The incumbent was required to offer unbundled local loop access but only for fully unbundled raw 
copper lines.

1999 Sweden The Swedish regulator PTS proposed an amendment to the national Telecommunications Act which 
enables PTS to unbundle the local loop through licensing conditions.

before 
2000

Nether-
lands

Main Distribution Frame (MDF) access was considered to be a form of special access what 
contradicted the habits in other countries.

2000 France Competitors argued that shortcomings in the administrative power of the regulator hamper upcoming 
competition on the local loop. Moreover, disputes about ADSL provision would have resulted in a 
barrier to competition, this particularly affects the entry of smaller and medium competitors. In their 
perspective, public authorities failed to act decisively on the behavior of the incumbent. In 
consequence, the incumbent operator was able to expand his strong and even dominant position in 
the broadband market.

2001 France The EC points out decisive delays in the implementation of local loop competition and the access to 
collocation sites what would be mainly due to the absence of clear and effective enforcement 
procedures.

Nether-
lands

From 31 December 2000 until mid September 2001, in the crucial time period of local loop 
unbundling and ADSL roll-out of the incumbent, OPTA was appointed as the Dutch regulator but 
was not designated as the NRA in charge of executing EC regulation what led to significant delays in 
the introduction of full unbundled local loop accesses in the Netherlands.

Sweden The Swedish Telecommunications Act does not provide the powers to the NRA to demand for the 
introduction of flatrate internet access call origination (FRIACO) which is found to be a central 
requisite for retail competition in other countries.

2004 Germany The German Telecommunications Acts categorizes market squeezing as an abusive strategy. 
However, the EC doubtfully raises concerns given potentially positive effects on competition. A 
corresponding resale obligation is also limited until 30 June 2008 and covers only the resale of 
access services which is bundled with other services.

Nether-
lands

The attempt to impose a bitstream access obligation on the fixed-line incumbent operator has been 
annulled in the court of justice as the obligation could not be derived from the relevant applicable 
legislation. 

Source: Information taken from the respective EC Implementation reports (1998, 1999, 2000, 2001,
2004, 2005).

Turning to the third aspect, due to their long-term perspective, infrastructure invest-

ments require non-ambiguous legal rules and a highly transparent regulation pattern,

which enable investors to foresee future steps of major adjustments in telecommunica-

tion laws. A less concrete level of national law wording offers room for interpretation

driving the workload of national and European courts. Therefore, both incumbent and

entrant infrastructure providers demand a high level of concreteness in law wordings.

Examples, which concern these issues are provided in Table 3.1. Let us shortly consider

the case of local loop unbundling in Sweden as it comprises all three aspects: While
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95 percent of Swedish households had access to multiple networks already in 1999 (which

mainly comprises fix-line and mobile access), local loop competition was suspected by

the Swedish regulator PTS to be insufficient at the time. Therefore, it proposed amend-

ments to the telecommunication law forcing vertically integrated providers with SMP to

let competitors into their markets on a cost-based access price. As the Swedish govern-

ment suspected the proposal of PTS to infringe the Swedish constitution, the process

of law adjustments delayed local loop access regulation until 2004. Meanwhile, from

31 December 2000 onwards, EU regulation required operators with SMP in the local

loop to provide offers for access to competitors. In consequence, the Swedish incumbent

voluntarily opened the local loop for competitors but it chose access prices which were

in-competitively high as explained by entrant candidates. Turning to the challenge of

lawmaking, the inflexible administrative system caused an insufficient implementation of

legal rules providing a significant first-mover advantage to the incumbent. This affected

local loop competition for a comprehensive period of time even after the adjustment of

the law.

3.3.2 NRAs: From Ministry Departments to (In)Dependent
Public Institutions

TheWTO (1996) describes an independent regulator as a regulator being "separate from,

and not accountable to, any supplier of basic telecommunications services".8 While this

definition relies on the direct interrelationship of the regulator and the regulated market,

the EU regulatory approach extends this definition to the interrelationship of regulated

companies and political authorities (Article 3 of the Framework Directive). Moreover,

the Framework Directive and the Universal Service Directive require NRAs to control

and support users’ security interests. The stricter separation of companies and the

national administrative system and the simultaneous support of users’ rights overweight

the demand side in the European regulatory system.

8http://www.wto.org/english/news_e/pres97_e/refpap-e.htm
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Independence of NRAs is legally guaranteed by allocating the administration of shares

of telecommunication companies and ownership tasks in different departments than the

super-ordinated ministry of the NRA. However, the EC repeatedly raised concerns about

the actual implementation of such a separation during the first years after the liberaliza-

tion and still worries about separation in some member states such as France and, most

recently, the Czech Republic (Implementation Report 2008). One key point of criticism

is that NRAs are officially separated from governmental authorities in most countries

but are accountable to the parliament or other super-ordinated political powers, which

determine the legal definitions of NRAs’ decision space or budget constraints.

Most NRAs are historically derived from former ministries and adherent public admin-

istrations. In consequence, NRAs have adopted personnel and employment structures

from their predecessors both for strategic and lower hierarchy units. In most countries,

the members of the presidential chamber are elected by national parliaments, nominated

by the national president or the ministers in charge. Thus, the members of the presiden-

tial chambers have proven consistency with the political parties of their electors before

their election.9 Considering lower hierarchies, NRAs compete with regulated compa-

nies for high-skilled employees on the job market. However, as in most EU member

states, NRA employees are civil servants, more comprehensive incentives such as higher

salaries and a broader perspective of personal development and flexibility make compa-

nies much more attractive for job market candidates (ECTA Regulatory Scorecard 2008,

executive summary).10 In many member states such as the UK or the Netherlands, this

job market competition between NRAs and regulated companies led to comprehensive

turnovers of NRA personnel after the liberalization and resulted in understaffed NRA

departments for multiple years. While regulators, such as OFTEL/OFCOM, are aware

of the challenge, they can hardly intervene due to requirements of national lawmakers

(Implementation Reports 2000, 2001). Moreover, NRA employees were (and still are)

9See the discussion in the Special Opinion (’Sondergutachten’) 2003 and 2009 , two monitoring reports
of the German Monopolies Commission.

10The ECTA (European Competitive Telecommunications Association) supports regulation activities
in the interest of entrants to telecommunication markets.
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poached by regulated companies, which, firstly, hampers the creation of specific expertise

and, secondly, leads to a migration of the existing knowledge stock from NRAs. Deficits

in human resource management and, as a consequence, knowledge management hamper

the implementation of sustaining regulatory policies.

Additional problems are directly derived from the weakness of human resource man-

agement: New entrants complain about the very short-term oriented regulation focus.

Following their view arguments, NRAs mainly consider single market aspects but ignore

more urgent, broader challenges leading to delays of market developments and providing

uncertainty. In particular, new entrants and the EC raised concerns that inefficiencies

of NRAs enable incumbent providers to stabilize or even increase their market power.

Examples on resulting challenges in local loop competition and investments comprise ne-

gotiation time rulings and penalties in the context of local loop access (Germany, 2000),

ADSL wholesale pricing (Germany, 2001) or the lack of regulatory interventions in line

with incumbents’ aggressive pricing mechanisms (Sweden, 2001, and France, 2004).

As most European NRAs are derived from former ministries or subordinated govern-

ment agencies, they keep their previous organizational structure. While this structure

met the requirements of monopolistic markets with low technological deployments and a

constant market structure, problems occur with the transition to more dynamic markets

with ongoing comprehensive technological developments. Even today, the EC expresses

concerns about the efficiency of developing decision processes in NRAs and argues that

the lack of timely and pro-active decisions creates barriers to competition and invest-

ments. Following the EC argumentation, inflexibility within the organizational structure

of NRAs hampers the transition process and the installation of innovative markets.

Some NRAs, in cooperation with their governments, have taken up the criticisms and

restructured the internal organization to become more market-oriented as done in the

Netherlands or Sweden. Other approaches, such as the UK example, also include the

integration of telecommunication-related antitrust tasks and market controls into the

scope of NRAs’ duties.11 These reorganizations prove department boundaries to become

11This increase in regulator’s powers goes in hand with a reduction of antitrust authorities’ competen-
cies.
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much more permeable for personnel qualified in particular fields of relevance and allow

the creation of a flexible, project-oriented knowledge stock within NRAs not fixed to

individual employees. Reorganization with the focus on market-orientation made OF-

COM a commonly acknowledged group of highly skilled experts who consult the British

government as well as the EC in line with regulation and investment decisions.

In consequence, the UK example is repeatedly considered as a benchmark for other

NRAs: ECTA recommends that NRAs in other EU member states should receive even

more complex regulatory powers including also the possibility of functional separation

of regulated companies or decision rights on fining abusive companies based on their

turnover.12 After the functional separation of BT and its local loop unit Openreach in

the UK, other NRAs, such as OPTA and PTS, also analyzed whether this approach

could be transposed to their countries. However, they refrained from giving a recom-

mendation to their governments due to strong differences to the UK situation. Whether

a NRA should be equipped with antitrust instruments to stimulate the double-aim of

downstream competition and high-quality infrastructure investments is criticized in the

economic literature. In particular, Cave (2006b) and Whalley and Curwen (2008) ar-

gue that functional separation within the British incumbent did not have the expected

success as the complexity of the task would be too comprehensive for OFCOM with its

current personnel and its financial constraints.

Much more attention is paid to the opposite position for NRAs as the Implementation

Reports give multiple examples for an insufficient decision space of NRAs. Concerning

the interconnection of alternative infrastructures and the access of service providers to

the local loop, the French regulator ART was able to intervene in negotiations only if

one company formally requested its support or after negotiations have demonstrably

failed. New entrants argued that this approach significantly delays upcoming competi-

tion. However, even after legal adjustments for increasing ART’s powers in 2001, the

regulator did not modify its rules of procedures. In consequence, the incumbent France

Telecom regularly questioned the decisions of the regulator bringing cases to courts.

12See the ECTA Regulatory Scorecard (2008).
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As long as court decisions are pending, this hampers competition-increasing actions by

market participants and delays infrastructure investments due to missing legal certainty.

Based on this and other examples, the EC suspects incumbents strategically to extend

the process of the implementation of regulatory steps by challenging NRAs’ decisions, as

they know of the high workload of national courts. Such examples provide evidence that,

besides lawmaking, also organizational and functional slack within regulatory agencies

cause legal uncertainty and, thus, reluctance in investments.

In a nutshell, national governments comprehensively affect the strategic orientation of

regulators: Firstly, they elect the members of the presidential chambers and, as lawmak-

ers, determine the decision space of regulators. Secondly, they also indirectly influence

the efficiency of NRAs by providing the status and incentive scheme for hiring NRA

employees. While NRAs’ organizational structures are derived from the predecessor or-

ganizations, they are not willing to adjust internal structures, which could provide a

more case-based structure and, thus, accelerate regulatory decisions providing invest-

ment security. A magnitude of examples in the Implementation Reports show that

these short-comings also influence national market developments and also the European

integration process.

3.3.3 The Government and the Incumbent – Infrastructure
Provision

Turning from the legal system and the situation of regulators to the markets, we find most

governments to be minority stake-holders in national telecommunication incumbents

even ten years after the beginning of privatization. Figure 3.1 displays that only the

UK and, finally, the Netherlands have completely withdrawn their involvement. In

contrast, in other EU-15 countries, public ownership shares were still above 25 percent

in 2007. This raises the question of governments’ intentions with minority stakes in

former monopolists.
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Figure 3.1: Public Ownership Share in the Incumbent
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Following the literature, multiple reasons exist for governments’ involvement in com-

panies. One key aspect for public participation is exercising control rights. Minority-

stake participation enables governments to affect strategic changes within the incumbent,

which comprise its separation or its acquisition by a competitor (Bel and Trillas, 2005).

As the EC has multiply brought cases to the European Court of Justice about Golden-

Shares rulings in member states,13 minority participation is a legal equivalent to secure

public interests.

The EC heavily criticizes public involvements in former telecommunication monopolists

as it suspects such an ownership constellation to affect regulation and competition in the

telecommunication sector as a whole. The regulatory framework requires a strict sep-

aration of the regulatory agency-related authorities and the authorities administrating
13Examples are Portugal (2002) or Spain (2003).
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shares in the incumbent provider to alleviate the challenge of governmental influence

on the sector development. However, in multiple cases, such as France before 2001 or

the Czech Republic even in 2008, the EC still expresses concerns about an adequate

implementation of separation.

Governments typically use control rights to follow sector-related or macroeconomic aims

such as infrastructure provision of adequate quality and infrastructure roll-out to stim-

ulate growth aims also in other sectors. The governmental intention of infrastructure

provision deviates from managers’ intention as telecommunication providers cannot com-

pletely internalize the economic benefits derived from infrastructure provision. Based on

control rights, governments are able to influence the decision process for long-term invest-

ments directly balancing infrastructure roll-out concerning regional reach and concerning

innovative technological infrastructure provision. Governments are aware of the capa-

bility of telecommunication infrastructure as an instrument for attracting high-potential

companies in international competition with other countries, also within the EU. Thus,

in contrast to the management of infrastructure providers, governments balance sector-

specific competition aims, i.e. static regulation aims, with macroeconomic aims, which

mainly refers to investments to provide a high-quality infrastructure for users.

While the EC cannot restrict a national government’s macroeconomic strategy (even if

this strategy causes rivalry among EU member states) it intervenes on the sector-level

if such a strategy benefits one company over competitors. Such a case recently occurred

in Germany, where the national government wanted to provide regulatory holidays to

the incumbent, so that it could roll out its very high-speed internet network (VDSL) to

selected cities. Consensus exists among providers, Deutsche Telekom and also its com-

petitors, and the government that VDSL will have a positive impact on economic growth

as a whole. However, the EC expected a first-mover advantage after the installation of

VDSL for the incumbent on the service level due to regulatory holidays. Therefore, it

abolished the decision of the German government and brought a case to the European

Court of Justice. The court followed the argumentation of the EC and, in December

2009, prohibited the necessary adjustments of the German telecommunication law.
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While governments are less interested in maximizing shareholder values, their key inter-

est lies in exercising control rights to follow sector aims and macroeconomic aims. In

contrast to managers, governments seek total welfare maximization, which differs from

profit maximization due to comprehensive positive externalities of telecommunications

on other industries.

3.3.4 State Aid and Active Public Participation

Comparing the situations before and after the liberalization shows that the role of

telecommunications has dramatically changed from a sector which provides subordinated

support for other sectors to one of the key sectors, if not the key sector, for economic

growth in all developing and developed countries.14 While physical infrastructure in-

vestments are a requirement not only for the development of the telecommunication

sector but for the economy as a whole, infrastructure operators can hardly internalize

the positive externalities which they provide to other sectors and households.15

State Aid is an instrument to control infrastructure investments from a macroeconomic

perspective compensating at least partially for externalities provided by a high-quality

infrastructure. It enables governments to install rules which separate infrastructure

installation from downstream competition, thus, reducing the potential first-mover chal-

lenge repeatedly mentioned in line with vertically integrated providers of an essential

facility.

Concerning the alternative instruments, I follow the EC definition of state aid:

"State aid is defined as an advantage in any form whatsoever conferred on a selective

basis to undertakings by national public authorities."16

Based on this very broad definition, direct financial support, i.e. either monetary sup-

port or asset support, and privileges, like tax reductions, or legal burden reductions, like

regulatory holidays, have to be distinguished.17

14Röller and Waverman (2001) and also subsequent studies by Waverman find telecommunications and,
in particular, broadband to be a key driver of economic growth.

15The impact of service competition and the impact of derived demand for infrastructure is considered
in Chapter 4.

16http://ec.europa.eu/competition/state_aid/overview/index_en.html
17An overview of state aid decisions since 2000 is provided in Table A.8 in Appendix A.2.
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Both the EU and national authorities provide public aid in telecommunication markets

either to expand infrastructure quality in less lucrative regions or to increase infrastruc-

ture quality in economic key regions. Moreover, also regional and municipal authori-

ties support infrastructure investments. While European and national aid are mainly

monetary grants for infrastructure roll-out, on the lower administrative level, various

additional forms of public support are in place, which even include public private part-

nerships (PPP) with public authorities involved in administrative and control decision

processes of the network provider (comprehensively in Sweden and France).

Two types of public aid have to be considered separately, which are financial and non-

financial support.

Figure 3.2: Financial versus Non-Financial State Aid
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Financial Support

European authorities provide mainly financial support for network operators. In doing

so, they assist the infrastructure roll-out in less densely populated areas and in less devel-

oped countries. Financial support comprises a pre-determined, mostly fixed amount for

a particular project or part of a project. As a common level of infrastructure quality fa-

cilitates the integration of multiple national markets and the provision of similar services

across all member states, the EU has a strong interest to reduce quality differences in
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single countries and across countries. A high infrastructure-quality level across all mem-

ber states provides a major advantage for attracting companies with an international

focus as a high quality telecommunication infrastructure complements the existing high

quality transportation infrastructure. The combination of both high-quality transporta-

tion infrastructure and high-quality telecommunication infrastructure are key assets for

European countries in worldwide competition.

National governments offer both financial support and non-financial support for infras-

tructure roll-out. Financial grants are used to increase national infrastructure quality as

a whole or to reduce the urban-rural differential of infrastructure quality. In consequence,

financial grants foster the installation of new transmission technologies like broadband

as e.g. in Sweden. Sweden financed the installation of broadband infrastructure to the

centers of Swedish cities. While this strongly increased the acceptance of broadband

internet by the Swedish population at an early point in time, it also provided a major

advantage for the incumbent over new competitors, as it was the only Swedish provider,

which could afford the installation task at that time. In combination with the restrictive

regulatory policy and, thus, the low level of access competition, the competitive advan-

tage for the incumbent was even stronger. In France, an alternative state aid strategy

is in place in line with broadband initiations. Private broadband installation started at

Paris and the surroundings of Paris and major cities such as Montpellier or Lyon, while

rural areas were not that attractive for the incumbent and other providers. Therefore,

municipal administrations supported by the national government addressed the issue

funding broadband roll-out based on PPPs. As national and municipal administrations

subsequently demanded decision rights and an adequate return on investments in line

with local loop access, the EC heavily criticizes national and municipal governments’

claims (Implementation Report 2000).
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Figure 3.3: Infrastructure Projects Accompanied by Financial Aid
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On the national and the sub-national levels, financial support is accompanied by ad-

ditional privileges. In contrast to financial support, non-financial approaches are un-

der much more discussion. Although the Access Directive requires non-discriminatory

end-to-end user access (Access Directive (2002/19/EC), Article 3(1)), the provision of

particular privileges enables infrastructure operators to discriminate between alternative

providers depending on the access price. Similar to financial support, privileges enable

the beneficiary to refund its investments. However, non-financial support requires a

more comprehensive set of rules, which guarantee the installation of an adequate path

to competition after the period of privileges while, simultaneously, investors must re-

finance their investments.

As already discussed in the previous subsection, VDSL roll-out in Germany is an exam-

ple for granting specific legal rights to an infrastructure provider. The German national

and the Länder-governments have amended the German telecommunication law in the

sense that new high-speed transmission technology is excluded from regulation.18 As de-

scribed above, the EC suspected a first-mover advantage for the incumbent as it would

be able to decide on competitors offering services on the new infrastructure (contradict-

ing Article 8 and other articles of the Framework Directive). However, the first-mover

advantage remains a point of discussion as the EC definition does not exclude privileges

for single investors from state aid.

18Actually, the proposition did not grant the privilege to the incumbent. However, no alternative
infrastructure provider was able to benefit from this specific ruling. 61
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Moreover, specific legal rules could be used as an instrument to provide investment in-

centives for single infrastructure providers or a small group of infrastructure providers.

But, in difference to most examples known from the past, such rules require a high level

of transparency and project knowledge both from monitoring and controlling institu-

tions and from the granted companies.19 In addition, depending on the complexity of

the project, pre-determined rules have to provide strict milestones, which are controlled

and, if necessary, enforced by the controlling institutions which should be the regulator.

However, transparent rules need not guarantee the success of the project but offer an

economically realistic perspective for investments and their refunding.

This aspect is of particular importance with regard to the critical mass effect in social

network-based markets. The critical mass describes the number of customers who are

necessary for the sustainable existence of a social network. It is assumed that customers

attract new customers, e.g. based on "friendship"-programs being locked-in with a par-

ticular company due to network size and "friends" being with the same provider. Thus,

granting non-financial state aid must take into account the first-mover advantage of a

vertically integrated investor as it is a highly relevant aspect of refinancing the project.

In consequence, the phase of independent access control by the investor must be kept

flexible and has to be controlled very carefully by the regulator. Pre-determined and

commonly accepted rules have to be established at the beginning of the project. In

particular, the phase of independent access control does not need to cover the total

refinancing due to the first-mover advantage of the investor and the installed customer

group before competition is allowed.

Comparison of Financial and Non-Financial Support

Comparing projects with financial and with non-financial support (Figures 3.3 and 3.4)

shows that non-financial aid demands a longer period of project support as the re-

financing phase begins after the investment phase(s). In consequence, non-financial

support also requires a more complex preparation, as the critical mass aspect has to be

19While these requirements should also accompany projects supported by a financial public grant, they
are only implemented in a small number of projects.
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Figure 3.4: Infrastructure Projects Accompanied by Non-Financial Aid
If milestone is reached

the next project 
phase is authorized

determination of the 
project, the inter-

mediate milestones 
and the customer 

b t b h d

If milestone is reached
the next project 

phase is authorized

Award of Milestone 1

Monitoring

Milestone 2

Monitoring

base to be reached 

Termination if pre-
determined Customer

Tender Award of 
the Grant

Project
Start

Milestone 1
Intermediate Check

Milestone 2
Intermediate Check Acceptance

time

determined Customer 
Base is reached

Submissions

Start
Implementation of

Project Phase 1
Implementation of

Project Phase 2
Competition on the

Infrasutructure
Infrastructure Access

Conditions determined
by Investor

due to network effect and 
consequent first-mover advantage 

this milestone is reached before the 
project is completely re-financed

taken into consideration already in the project preparation phase. Non-financial state

aid shifts the balanced consideration of chances and project risks in the direction of

the investor as the responsibility for re-financing is with the investor. However, the

investor is also informed in much more detail about the status of investments than

the provider of a grant and also about the status of the project as a whole. Due to

the ex-ante unclear development of the customer size, non-financial support demands

also much more flexibility in the post-investment phase. These additional assumptions

require a highly structured preparation of non-financial projects. However, adequate

preparation and training of NRA employees should already be installed for monitoring

public financial aid projects.

3.3.5 Combining Roles to Affect the Integration Process

While I have considered the dichotomous roles of the government separately so far, the

common effect of combining multiple strategies should not be ignored, as this could have

a much stronger impact on the sector and on market developments and could be used to

foster the European integration process even more than simply regulation can achieve.

An example of such a strategy is the combination of legal rule settings and public grants

to foster investments. Adequate and transparent rules are the pre-condition for a suf-

ficient tender. If lawmakers offer an adequate framework under which conditions such
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tenders could be constructed and also enforced, this would facilitate the installation of

a grant and would strongly increase transparency during the implementation phases.

Another example in this direction is the provision of an adequate legal system and its

enforcement by the national regulator. A stronger proximity of regulators to markets

requires also an efficient internal structure, which enables a less bureaucratic and prompt

reaction to market changes. The information gained from such a proximity to markets

could also run into the long-term oriented provision of a sufficient legal system as is

shown in the UK.

On the other hand, governments could also follow the opposite strategy. Insufficient

lawmaking and, simultaneously, strategically delaying NRAs’ decision powers hamper

the integration process.

However, while the EC intends to reduce the influence of national governments on the

telecommunication sector, positive examples provide evidence that it could use the long-

term interrelationship in the integration process to strengthen the European position as

a whole. E.g. coordinating national governments’ activities and their roles in the na-

tional telecommunication sector could be used to foster the interconnection of national

infrastructures forming a pan-European telecommunication infrastructure to broaden

the basis for pan-European market integrations.

The telecommunication sector is in the focus of a magnitude of governmental interven-

tions. I have highlighted mainly four key types of interrelationships between public

authorities and the sector with a particular focus on the challenges of investments and

the installation of competition, which are providing the legal framework for the sector

performance, affecting strategic decisions within the sector regulator, ownership partici-

pation of the former monopolist and public aid in the context of infrastructure projects.

The consideration focuses on problems learned from past cases and provides some intro-

ductory discussions based on the literature and EC recommendations. With regard to

the legal system and the regulatory structure, entrant companies and the EC repeatedly
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mentioned the lack of contemporary and transparent regulatory rules and their imple-

mentation. With regard to companies and projects, the major challenge remains the

internalization of positive externalities from infrastructure provision on other industries

and customers.

3.4 Extension: The Third Regulatory Package

In December 2009, the European Parliament introduced the Third Regulatory Package,

which has to be implemented to national laws until mid 2011. This new regulatory

framework takes up various criticisms brought forward in line with its predecessors and

fosters the national implementation process by providing stricter rules. In this extension,

I consider the key changes in the light of the current market situations.20

3.4.1 Infrastructure Investments and Competition

As described above, the current regulatory framework balances the two aims of initiating

investments and enforcing competition and leaves the priority decision to national gov-

ernments and NRAs. National governments implement investment aims with varying

efforts, which results in different levels of national infrastructure qualities and infras-

tructure competition in particular in the local loop.21 The new regulatory framework

attaches more attention to dynamic regulation aims, as the reviews under the current

Regulatory Package provided evidence for upcoming competition. Based on the aims of

the Lisbon Agenda, the new Regulatory Package further supports innovation aims on the

service level by promoting the roll-out of high-quality infrastructure. In consequence,

the new regulatory framework demands the installation of regional lead-market projects

to foster the international competitiveness of the EU.

20A more detailed consideration of the changes in line with the Third Regulatory Package is provided
in Appendix A.2.3. In this extension, I only consider the key changes concerning the discussions of
the previous sections.

21Please see Figure A.2 in Appendix A.2.3.
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Turning from balanced competition and investment aims to a stronger focus on high-

quality-infrastructure investments, Article 8 of the 2002 Framework Directive on policy

objectives and regulatory principles has been comprehensively revised in two directions:

The proposal for Directive 2009/140/EC22, the amendment of Directive 2002/21/EC,

requires national governments and NRAs to appropriately take into account the risk

incurred by investors and proposes new forms of co-financing investments which have

already been implemented in single member states (adjustment 8h (5d)): In particular,

cooperative arrangements between infrastructure providers and service providers foster

the internalization of externalities of a high quality infrastructure.

While this adjustment is established to facilitate the integration of positive infrastruc-

ture externalities, it can only partially alleviate the existing challenge: Service providers

demand high upload rates and are therefore settled in regions with high infrastructure

quality, which means urban areas. Thus, service providers are not necessarily interested

in supporting the infrastructure roll-out in less-densely populated areas. As returns

on infrastructure installation in urban areas are higher and less risky, the integration

of service providers into the investment process alleviates the challenge of high quality

infrastructure provision in urban areas. However, such an approach increases the urban-

rural infrastructure quality differential without cross-regional subsidization.

Besides regional lead-market approaches for fix-line infrastructure quality, the new reg-

ulatory framework enhances facility-based local-loop competition by opening more (also

denser) radio frequency bands for public usage. Following the communication of 20

March 2006, titled "Bridging the Broadband Gap", the EC explicitly mentions fre-

quency bands to be an adequate and cheeper instrument for providing higher-quality

broadband access to less profitable regions. Although having lower transmission capac-

ities than fix-line broadband transmission systems, radio-frequency-based approaches

increase the existing level of broadband infrastructure in rural areas at lower costs com-

pared to fix-line infrastructure installation.

22http://ec.europa.eu/information_society/policy/ecomm/doc/tomorrow/reform/better_
regulation_directive/st03677_re06.en09.pdf
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Besides the increase in investment flexibility, the German Monopolies Commission high-

lights mainly five changes in line with the Third Regulatory Package in its latest Special

Opinion on telecommunication markets (Monopolies Commission, 2009), Co-Regulation,

Independence of NRAs, Functional Separation, the European Regulatory Body and the

Harmonized Implementation of Guidelines. I will shortly discuss them in the light of

the previous sections.

3.4.2 Co-Regulation

For a better harmonization of regulation in the EU member states the European Parlia-

ment introduced a new regulatory stage for national governments and NRAs. Drafts for

new market definitions, market analyses and the introduction of new regulatory mea-

sures have to be announced to the EC, other NRAs and the BEREC (Body of European

Regulators of Electronic Communication).23 Each of these institutions can provide fur-

ther suggestions and comments, which have to be taken into account when implementing

new measures. The EC and the BEREC can veto draft versions of market definitions

and market analyses in coordination with the other if they suspect the proposals not to

correspond with European guidelines.

In contrast to the previous regulatory approaches, this new instrument seeks a better

coordination of national regulations. However, it increases complexity as it requires

NRAs to inform other parties not familiar with the national situation about new regu-

latory steps and, additionally, it demands NRAs to analyze the regulatory approaches

brought forward in other member states. Thus, co-regulation comprehensively increases

the workload of NRAs and extends the implementation of regulation to the market.

Following the Special Opinion of the Monopolies Commission, this new approach com-

plicates the already complex regulatory system.24 While co-regulation should foster

the European integration process, it extends the national implementation of regulation,

which will expectedly reduces regulatory efficiency as a whole as examples in line with

the introduction of local loop unbundling have proven in many EU member states.

23More information on the BEREC is provided below and in Appendix A.2.3.
24More information on this issue is provided in Chapter 2.
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3.4.3 Independence of NRAs

Following the new Framework Directive, national regulatory bodies and the presidential

chambers shall become more independent from the national political system. In partic-

ular, when implementing European guidelines to national markets, the NRA shall not

be allowed to demand for consultative political support and it will also not be allowed

to accept such support. Moreover, presidents of NRAs and their vice-presidents must

not be dismissed without violating national requirements for their tasks.

These more stringent rules support the recommendations in line with the discussion on

NRAs’ dependence on national political systems under the Second Regulatory Pack-

age. While the current guidelines try to guarantee the independence of decisions by

separating the ministries in charge for administrating shares in the regulated incumbent

and the NRA, these new rulings additionally require the independence of the NRA as

far as possible from any political powers. This new independence reduces the broadly

suspected and also observable interference on NRAs. However, it remains to be seen

how this stronger sovereignty of NRAs affects regulation and the outcome of national

markets in terms of more competition and efficiency.

3.4.4 Functional Separation

Functional separation implies the separation of the network-operating unit and the ser-

vice unit of a vertically integrated company. Functional separation shall provide non-

discriminatory access conditions for service providers compared to the vertically inte-

grated operator, as this provider has a strong incentive to affect service competition

based on the access price or the access conditions to its essential input. This type of

separation has been introduced in the UK and in Denmark and has been considered as a

regulatory option also in other countries already under the Second Regulatory Package.

Multiple arguments brought forward in the literature question this approach at the

current stage of regulation and market competition. Firstly, functional separation is

not sufficiently defined in the Regulatory Package. Examples known from the eco-

nomic literature hint at the challenges of monitoring a functionally separated company
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(Vickers (1995) for reasons of information asymmetry, Sappington (2006) for reasons of

non-price discrimination, and subsequent studies on these topics). Secondly, the analyses

of other NRAs after the UK approach and also the considerations in the economic liter-

ature (Cave, 2006b; Whalley and Curwen, 2008) show that the complexity of separation

and monitoring the separated company might comprehensively increase the workload

of NRAs with their current organizational structures. Thirdly, the German Monopolies

Commission argues that functional separation is an extensive instrument, which should

have been implemented at an earlier stage of the transition process. But it will not

foster competition in the current, more developed situation of markets in the integration

process.

Following these alternative points of criticisms, it is not clear whether national regula-

tors will actually implement functional separation, in particular in EU-15 member states,

which questions the necessity of this instrument as a whole.

3.4.5 The pan-European Regulatory Body

The BEREC (Body of European Regulators for Electronic Communications) will be a

common European regulatory body consisting of the heads of the national regulators,

which will support the EC in the adoption of new regulatory measures. In contrast to

its predecessor, the ERG, this new institution will not only consult the EC on national

issues but it will also have the opportunity to veto national regulatory measures if it

suspects them to be insufficient or not in line with European regulatory guidelines.

While its decision powers are more comprehensive than the decision rights of the ERG,

the BEREC is a trade-off solution, which leaves key competencies with national reg-

ulators and, thus, leaves major sovereignty at the national level. On the one hand,

decentralized regulators have a stronger proximity to national and sub-national markets

and, therefore, will probably react prompter to market issues in the future. On the other

hand, the current form of the BEREC’s decision rights with its veto powers complicates

the implementation of national regulatory decisions as not only the EC but also the

BEREC is allowed to intervene based on the co-regulation approach.
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3.4.6 Harmonized Implementation of Guidelines

Previous regulatory measures by the EC had to be transposed to national laws taking

into account national distinctions. With the new Regulatory Package, the EC is able to

order how common regulatory rules have to be implemented to national markets. This

stricter ruling reduces national governments’ influence in the transposition process and,

in particular, also with the implementation of specific regulatory interventions.

Chapter 2 provides evidence that directed European interventions reduce uncertainty in

addressed markets in comparison to indirected interventions. However, the adoption of

a particular regulatory rule to a group of all member states’ markets ignores different

stages of competition or infrastructure quality. While this approach is a reasonable at-

tempt for harmonizing international telecommunication markets between member states,

ignoring national distinctions might, currently, enhance the acceptance in national mar-

kets. Therefore, it does not necessarily foster the integration process as national markets

still exhibit major technological and economic differences.

The Third Regulatory Package is to a far extent based on its predecessor regulatory

framework. It takes up key aspects of criticisms and provides stricter rules which support

the ongoing integration process. Concerning infrastructure provision and competition,

the new framework emphasizes the importance of the infrastructure as an enabler of

higher-quality services and as a key requirement for other industries. For internalizing

comprehensive externalities with infrastructure provision, the new Regulatory Package

allows infrastructure providers to take into account the cost of capital as a cost com-

ponent, which facilitates the internalization of externalities provided by infrastructure

investments in access price negotiations. Moreover, the new regulatory framework in-

creases regulatory independence from national governments.

However, it also provides some measures, which require further attention as the effec-

tiveness of these measures is unclear with the current stage of competition in the EU

member states (e.g. functional separation) and as they ignore differences between the

current stage of competition across EU member states.
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3.5 Conclusion

I considered the alternative roles of the government in the context of providing a high-

quality telecommunication infrastructure and installing competition in infrastructure

and service markets. The telecommunication sector is considered to be a key sector

for other industries and, therefore, is also a key driver of economic growth. National

governments are aware of this relevance of telecommunications and, consequently, seek

to influence its development to meet national requirements most effectively. While gov-

ernmental interventions in the sector facilitate the internalization of externalities by

infrastructure providers, governments follow aims on the national level, which do not

necessarily correspond to the aims on the European level.

Governments keep strong interrelationships with the telecommunication sector as they

provide telecommunication laws and determine the national transposition of European

guidelines. However, the transposition process has been repeatedly in the focus of criti-

cisms as competitors and also the EC charge the transposition process to be inefficient

and, thus, to benefit providers with larger market shares, mainly former monopolists.

Strong interrelations also exist between national regulators and the government, as na-

tional regulators are successor organizations of ministries or administrations when only

one telecommunication provider was active in a market with a low level of technological

deployment. As organizational structures of regulatory bodies strongly affect market

proximity, telecommunication companies criticize the competence of regulators’ employ-

ees and the decision process as being too slow and ignoring the actual challenges of

the markets. By adjusting organizational structures, some regulators reacted to these

aspects of criticism and, in doing so, found solutions for securing their knowledge stocks

independently from individual employees. The comparisons of these re-organized regu-

lators and "traditional" institutions provides evidence for much more efficiency with the

more flexible structure. Therefore, these countries are much less under suspicion of the

EC as is proven by the Implementation Reports.
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Besides the jurisdictional relation of governments with the telecommunication sector,

governments are also active on the company- and the project level: Most EU member

states keep minority stakes of their former monopolists even today, which secures them

from unfriendly takeovers. However, governments follow mainly other aims with their

participations in telecommunication companies. As telecommunication infrastructure is

a key pre-requisite for innovations and investments on the service level and also in other

sectors, governments are interested in the provision of a high-quality telecommunication

infrastructure. However, infrastructure providers can hardly internalize the increasing

externalities provided by their investments. National governments as well as European

administrations and sub-national governments reduce the challenge of internalizing in-

vestment externalities by providing public support for infrastructure roll-out. While

financial aid is the common type of support, non-financial support needs particular

attention as it leaves the analysis of investment chances and risks with the (better-

informed) investor. Although non-financial support is an accepted type of state aid, the

EC criticizes it of being in-transparent, which reduces the field of re-financing invest-

ments and, therefore, is an issue to be considered in more detail in future work.

Comparing the alternative roles of the governments provides evidence for a strong inter-

relationship of public administrations and governments with national telecommunication

markets. Combining the instruments of the alternative roles even increases the power of

national governments. While European administrations continuously try to reduce the

impact of national governments within the sector and foster market integration mainly

with regulatory requirements, the discussion provided here raises the question whether

the European integration process could benefit from the strong impact of national gov-

ernments on the national telecommunication sector.

The latest Regulatory Package takes up key points of criticism and offers new approaches

to meet obstacles with its predecessors. However, while competition is to a far extent in-

stalled on the service level, efficiency is a key issue to be addressed not only in regulated

markets. Moreover, it also has to be addressed in the national regulatory structures in

combination with transparency to foster the provision of investment incentives both to

increase innovations and to provide a high-quality infrastructure within and across all

EU member states.
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4.1 Introduction

Telecommunication markets have entered their second fundamental phase of restructur-

ing during the last couple of years. Until the end of the 1990s, telecommunication mar-

kets were provider-driven markets with fully integrated monopolistic providers. These

providers decided about the quality of services and even the services themselves. As

more and more services evolve with the installation of more recent transmission tech-

nologies,1 the profit from infrastructure provision and the profit from service provision

continuously diverge. Simultaneously, the role of service users turned from a passive

to an active role as users demand for adequate infrastructure which is necessary for

higher-quality services. Moreover, with Web 2.0, users even start to provide services

themselves and use peer-to-peer platforms, which requires symmetric or at least higher

bandwidth accesses.2 The demand for high-quality infrastructure increases as physical

infrastructure turns from an originally provider-determined to a customer-determined

product and infrastructure providers and regulators have to contemplate how to handle

this fundamental restructuring. This issue is even more striking when taking into ac-

count the steps implemented by the European Parliament in coordination with national

governments to install the Third Regulatory Package.3 It is therefore most relevant to

know more about how market structure and service competition influence investments,

1Examples are internet platforms like Ebay, search engines like Google, MMS and mobile internet
access.

2Examples are video platforms like YouTube or social networks like Facebook.
3http://ec.europa.eu/information_society/policy/ecomm/doc/tomorrow/reform/better_
regulation_directive/st03677_re06.en09.pdf
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how the transition from one market structure to another affects the supply and, in par-

ticular, the demand for infrastructure and how they interact. With this chapter, I want

to provide some more insights into these aspects by analyzing the first structural change

in telecommunication markets from former monopolistic to competitive markets.

Closed-form models are the standard approach chosen in the literature to explain the im-

pact of service competition on infrastructure provision. However, this approach ignores

potential indirect effects of competition on the demand for infrastructure. For taking into

account such indirect effects, I estimate an equation system for infrastructure supply and

infrastructure demand as recommended in Röller and Waverman (2001). Such a more

structural approach separates demand-related impact variables from supply-related ones

and considers how competition and other explanatory variables of standard closed-form

models affect the supply side or the demand side, respectively.

In doing so, I find service competition increasing infrastructure investments both in fix

and in mobile markets. However, competition does not directly affect investments, i.e.

I find no or only weakly significant supply-side effects of competition on investments.

Instead, competition influences the demand for infrastructure which then affects invest-

ments.

Taking into account cross effects between fix and mobile infrastructure markets, I find

that higher mobile revenues per customer lead to a lower demand for mobile infras-

tructure but to a higher demand for fix infrastructure access. On the other hand, no

such effect is found the other way round. Similarly, the supply of mobile infrastructure

depends on the situation in fix infrastructure markets but not vice versa.

In section 2, a short overview over the literature on investments in telecommunication

infrastructure and competition is provided. Section 3 describes the main changes in Eu-

ropean telecommunication infrastructure markets and derives three hypotheses, which

are either based on the observation of the European situation or which are based on

findings in the literature. Section 4 explains the estimation models and introduces the

underlying database. In Section 5, estimation results are discussed in more detail. Sec-

tion 6 concludes the chapter.
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4.2 Related Studies on Telecommunication
Infrastructure Supply and Demand

Since the liberalization of European telecommunication markets, telecommunication in-

frastructure is in the focus of an ongoing political debate. In particular with the con-

sideration of open access, the question of adequate infrastructure quantity and quality

is a central issue on the agenda of infrastructure providers, politicians and also user

associations. Despite the huge political relevance, there is still a very low number of pa-

pers addressing the debate from an empirical perspective and nearly no paper analyzes

the interplay of infrastructure supply and demand. In this short review, I concentrate

on papers, which take up the question of infrastructure provision, and papers, which

address the topic of infrastructure demand and customers’ choice between alternative

infrastructures from an empirical perspective.

The seminal paper of Röller and Waverman (2001) provides the basic estimation frame-

work of this chapter. The authors analyze the impact of infrastructure provision on eco-

nomic performance measures for a selection of OECD countries. In doing so, they find a

significant, non-linear impact of the availability of telecommunication infrastructure on

GDP. Moreover, due to network effects in the telecommunication sector, they identify

a critical level of telecommunication infrastructure, above which increasing returns on

GDP growth exist. While Röller and Waverman consider telecommunication infrastruc-

ture as a driver of economic growth, the following papers concentrate on telecommuni-

cation market performance itself.

In a cross-country study of multiple African and South American countries, Wallsten

(2001) analyzes how infrastructure liberalization and privatization affect investment pat-

terns. He identifies a positive correlation between mainline competition and connection

capacity. However, for privatization, no positive effect on competition exists. In a sub-

sequent study, Wallsten takes a closer look at the sequence of privatization and deregu-

lation (Wallsten, 2002) and concludes that the sequence significantly affects the perfor-

mance of telecommunication markets. If regulation follows privatization, this structure

decreases market concentration and market power of the former monopolistic firm more

than the other way round.
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Henisz and Zelner (2001) also analyze the role of the government on telecommunication

market performance. They focus on how countries can close the gap to other countries

with a more advanced telecommunication infrastructure in place since, in line with Röller

and Waverman (2001), telecommunication infrastructure is assumed to be the central

pre-requisite for economic performance. Henisz and Zelner find that governmental inter-

ventions to coordinate and support the development are a key aspect, which determines

the speed of catching-up.

In contrast to the previous papers, Heimeshoff (2007) uses a data set of developed coun-

tries. He considers the main drivers of telecommunication investments, adopting a time

series approach for a selection of OECD countries and identifies market concentration

as a driver of infrastructure investments. Moreover, Heimeshoff includes an indicator of

governmental and democracy drivers (comprising measures for the procedure of govern-

ment election or alternative types of civil rights) and finds that "more democracy" has

a significantly positive impact on investments in telecommunication infrastructure.

The paper of Grajek and Röller (2009) is one of the first studies in which a firm-level

data set is employed. Using a new regulatory index, the Plaut Economics Regulatory

Index,4 they analyze the effect of regulation on investments for a database of European

telecommunication companies. By controlling for endogeneity of regulation with vari-

ous instrumental variables, including political variables and levels of regulation in other

European countries, they identify a negative effect of regulation on investments.

Besides the consideration of supply-side aspects and infrastructure deployment, a num-

ber of papers address a demand-related topic of infrastructure availability, the substi-

tutability between fix-line and mobile services and fix-line and mobile infrastructure.

While particularly in developed countries at least basic fix-line infrastructure access is

available, the major issue lies on an upcoming new infrastructure and the substitutability

between the quality of fix-line and mobile access lines.

4See Zenhäusern et al. (2007) for a more detailed description.
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Rodini et al. (2003) apply an empirical analysis for a U.S. household survey, in which

they consider access substitutability between mobile access and second fix lines.5 By

estimating cross-price elasticities, they find that both access modes are selected substitu-

tively. Following the authors, substitutability has a strong impact on policies concerning

the restructuring of a fix-line network.

In contrast to Rodini et al., Hamilton (2003) considers the role of infrastructure sub-

stitutability and complementarity for developing countries. She points out that substi-

tutability and complementarity depend on a country’s economic development. Partic-

ularly in less developed countries with a lower roll-out of fix-line infrastructure, mobile

access is a substitute to fix-line access. In countries with an existing fix-line infrastruc-

ture, mobile access could also be complementary to fix access lines. Moreover, in case of

a low fix-line roll-out, the introduction of mobile infrastructure increases the competitive

pressure on fix-line providers to extend fix-line infrastructure.

To the best of my knowledge, Röller and Waverman (2001) is the only empirical paper

which takes into consideration both the supply side and the demand side of infras-

tructure. Papers based on infrastructure supply on a country-level aggregation mainly

consider fix-line and mobile investments in general but ignore differences in supply pat-

terns of the two infrastructures.6 In contrast, papers on telecommunication demand

mainly ignore the challenge of infrastructure availability and investments. I try to close

this gap by considering both the supply side and the demand side using an equation sys-

tem of supply and demand to check, which factors are drivers of supply and/or demand.

Moreover, I undertake the analysis for fix-line and mobile markets separately accounting

for cross effects between the two infrastructures.

5The authors argue that the first fix-line access is the standard access. Households increase availability
either by a second fix-line access or by a cellular phone access. While a second fix-line access is only
available at home, it particularly guarantees a higher transmission rate for internet access.

6Grajek and Röller (2009) use data on the company level and control for fix-to-mobile differences in
their model.
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4.3 Infrastructure Supply and Demand with Platform
Competition

In European countries, mainly two telecommunication infrastructures are installed which

carry, mostly, identical services. While a basic fix-line infrastructure has been available

for all households, mobile communication was established during the 1990s and is still

on an ongoing growth path today. In consequence, the change from one infrastructure

to two infrastructures affects the demand for services provided on the infrastructures

and also the demand for infrastructure itself. Simultaneously, new transmission tech-

nologies and also new infrastructures were installed to increase capacity and, thus, to

increase quality both in fix-line and in mobile markets. While the additional infrastruc-

ture capacity enables a higher quantity and a higher quality of services, the initiator for

investments is unclear. In particular, the role of service competition for infrastructure

investments with two competing access modes is of regulatory relevance due to exter-

nalities provided by infrastructure availability.

In most economic studies on infrastructure supply, i.e. investments, a closed-form ap-

proach is chosen, which assumes demand for infrastructure being independent of other

drivers of investments. On the other hand, when analyzing demand aspects like substi-

tutability of infrastructure and how the demand for one infrastructure affects the demand

for another infrastructure, the supply side has mainly been ignored. The consideration

of both supply and demand simultaneously is particularly relevant when analyzing ma-

jor structural changes either stemming from comprehensive technological deployments

or from substantial changes in market structures.

During the 1990s until 2007, the European telecommunication sector has experienced a

major change in terms of market structures from former monopolistic markets to com-

petition. Moreover, the installation of mobile infrastructure and, thus, the availability

of mobile services affected also the demand for fix-line infrastructure. As stated in the

first proposal of the Second Regulatory Package, the new situation in market structures

induced major adjustments in terms of transmission technology such as the introduction
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of broadband and the switch from GSM to UMTS technology.7 While closed-form models

consider whether there exists an effect of such market-structural or technological changes

on investments, multi-equation estimation approaches allow to consider how this affects

the interplay of supply and demand. By employing a more structural estimation ap-

proach, we are able to separate key drivers for changes in infrastructure demand from

key drivers for changes in supply. Moreover, cross-infrastructure effects can additionally

be considered. This provides more detailed insights into how alternative factors work

together in situations of structural and also technological changes.

Figure 4.1: Infrastructure Supply and Demand in the EU-15, Norway and Switzerland
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A first impression whether the fundamental changes in ownership and market struc-

tures have had an impact on infrastructure supply and demand could be derived from
7The technological change is one reason among others for the introduction of the Second Reg-
ulatory Package as stated in an EC communication: http://ec.europa.eu/archives/ISPO/
infosoc/telecompolicy/en/com2000-239en.htm#_Toc478275739
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4 Supply and Demand for Telecommunication Infrastructure

Figure 4.1. Total supply across all EU-15 member states, Norway and Switzerland, is

represented by total investments in telecommunication infrastructure deflated to 1990

using the Consumer Price Index (CPI). Demand is separated into demand for fix-line

access, i.e. the number of standard fix lines, and demand for mobile, i.e. the number of

subscribers. Firstly, we do observe two major investment cycles since 1990 which, de-

flated to 1990, comprise mainly identical investment sizes and comparable structures. On

the other hand, the demand for accesses continuously increases with a much stronger

rate for mobile access than for fix line access. While fix-line access is an established

access type to communication infrastructure, mobile infrastructure is a follower-access

type. Mobile infrastructure has been installed at a point in time when most households

and companies have had fix accesses. Therefore, mobile providers were in a position

where they had to convince customers of fix infrastructure access to complement their

availability with an additional mobile access or to substitute fix access by mobile access.

Ambiguous explanations exist for the impact of service competition on infrastructure

provision. On the one hand, more service competition triggers the provision of more and

higher-quality infrastructure as service providers require a high level of infrastructure

capacity to distinguish from each other in service competition. Thus, the demand for in-

frastructure motivates infrastructure operators to invest (an argument brought forward

by the EC based on US-EU comparisons). On the other hand, increasing service com-

petition might also have an investment-reducing effect due to too low expected returns

on investments. Infrastructure providers comprehensively know service level activities

and, thus, the business models of companies demanding infrastructure as an input. As

access demand (not infrastructure demand itself) is highly price-elastic, the reduction of

regulated infrastructure access prices can have a profit-reducing effect on infrastructure

providers. In consequence, tougher service-level competition reduces (regulated) rents

which could be extracted by infrastructure providers and, thus, reduces the incentive to

invest (Aghion and Howitt, 1992, or Heimeshoff, 2007).

Employing data for EU-15 markets as well as Norway and Switzerland allows for a

comparison of a variety of hypotheses under a common regulatory regime and market

structural background. Figure 4.1 shows a long-run investment cycle in aggregated total
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investments across all countries. The increase in total investments after 1994 slowed

down around 1997 but afterwards strongly accelerated until 1999, which is in line with

the introduction of competition. Even after the investment increase was interrupted by

the burst of the IT bubble, deflated investments did not fall below the level of 1994

anymore due to the technological development.8 These graphical findings are in line

with the interpretation of the EC. Following Commissioner Viviane Reding, a positive

effect of service competition on investments should be expected.9

H1: Upcoming service competition initiates telecommunication infrastructure

supply.

Turning to the demand for infrastructure (proxied by the number of access lines in Figure

4.1), mobile subscription follows the expected S-shape relation known from the litera-

ture on network-based markets (see e.g. Cabral, 1990; Grajek, 2003). Moreover, the

development is of particular interest as, from the standard theoretical approaches, we

should have expected a concave functional form after around 1999, but we observe a sec-

ond acceleration in demand. This new acceleration is driven by technological upgrades,

as around 2000/2001, UMTS licences were allocated. The subsequent European-wide

upgrade from GSM-based infrastructure to UMTS-based infrastructure was mainly mo-

tivated by the (expected) provision of higher-quality services, which demand for mobile

"broadband" internet access.10

A similar but much weaker increase in demand is found with the fix access curve. While

there is a stagnation of growth between 1997 and 2001, the upward orientation continues

afterwards, which is also based on the demand for higher-quality services in line with

broadband infrastructure. The latest OECD Communications Outlook (2009) describes

the increase in fix-line and mobile service quality and the extensive price reductions as

the results of upcoming competition.

8Non-deflated investments even increased slowly.
9See e.g.
http://ec.europa.eu/commission_barroso/reding/docs/speeches/brussels_20070321.pdf

10Note that UMTS was not the first technology for mobile internet access. Nevertheless, it is the most
advanced at the time of its introduction.
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H2: Upcoming service competition increases the (derived) demand for

telecommunication infrastructure of adequate quality and, thus, increases in-

frastructure supply.

While the first two hypotheses consider infrastructure supply and demand separately,

I now turn to cross effects of fix-line and mobile infrastructure supply and demand. A

central issue, which has been frequently discussed in the literature, is the topic of substi-

tutability between infrastructures. Mobile and fix access lines are considered to be either

complements or substitutes with regard to services and with regard to infrastructure it-

self (Rodini et al., 2003; Hamilton, 2003; Sugolov, 2005; or Plank, 2005). Evidence for

both outcomes is found depending on the underlying data set. Until the critical mass

for a new substitutive network is reached, this network strongly depends on the already

existing network. Therefore, the established network is a complement for the newer

alternative and probably also the other way around. Nevertheless, if the newer network

has reached its critical mass of users, both networks (might) get substitutes.

In European countries, basic fix-line infrastructure access must be accessible for house-

holds at an affordable price due to Directive 1998/10/EC and the subsequent Universal

Service Directive (2002/22/EC). Even before the liberalization, national laws already

guaranteed access to public telecommunication networks. Therefore, most households

had access to fix-line infrastructure already at the beginning of the observation period.

In contrast, mobile subscription is not covered by the Universal Service Directive or

national laws. Moreover, following Rodini et al. (2003) and the fix-line and the mobile

demand development in Figure 4.1, customers take mobile access as a secondary access

mode. As fix access has been less expensive, mobile access is no substitute when cus-

tomers decide about the first fix access. In contrast, a secondary fix access has been a

substitute to mobile access during the phase of mobile-infrastructure roll-out.11

H3a: Due to fix-line availability, customers demand more fix-line access when

mobile access is more expensive. However, the demand for mobile access is

only weakly affected by lower fix-access prices.
11Please note that due to new contract structures and higher-quality mobile services, fix and mobile

accesses have become closer substitutes to each other today than during the observation period.
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Turning to the supply side, the technological lag of mobile infrastructure capacity en-

ables fix-line infrastructure upgrade decisions to be independent of mobile infrastructure

provision. In contrast, mobile infrastructure is a follower technology and therefore de-

pends on the fix-line infrastructure quality and the access price.

H3b: The more fix-line infrastructure is provided and the higher the quality

of installed lines/the lower the price for fix-line access, the less mobile infras-

tructure investments are implemented. In contrast, no reverse effect exists due

to a first-mover advantage of fix-line infrastructure capacity.

4.4 Empirical Analysis

In this section, I first derive a model to analyze the interrelationship of supply and de-

mand for fix-line and mobile infrastructure. Afterwards, I provide a descriptive consid-

eration of the data and give a short overview of the necessary adjustments of investment

data and the resulting pitfalls to be taken into account when interpreting the estimation

results.

4.4.1 Econometric Model

Two complementary equations are used to characterize supply and demand of telecom-

munication infrastructure. Supply is determined as infrastructure investments. The

higher investments are, the "more" infrastructure is provided or the higher is the ca-

pacity of the existing infrastructure. Infrastructure expansions, in particular backbone

investments, reduce congestion on the available infrastructure. In consequence, infras-

tructure investments either lead to an expansion in terms of geographical reach or in

terms of quality of the existing infrastructure.

While Röller and Waverman (2001) concentrate on the impact of telecommunication

infrastructure on GDP and, therefore, instrument infrastructure using supply and de-

mand functions, I want to analyze the determinants of infrastructure supply and demand

themselves and specify the supply function in more detail using approaches provided in

the more recent literature (Henisz and Zellner, 2001; Wallsten, 2001, and Wallsten, 2002;
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Heimeshoff, 2007). Infrastructure supply is described by the following equation:

log(invt,i) = αst,i + βdrev.acc.log
revenuet,i
accesst,i

+ βsacclog
accesst,i
popt,i

+ βscompcompt,i

+log(popt,i)
′βspop + βspublog(pubt,i) + βsint. ratelog(int. ratet,i)

+βstimetime+ country′t,iβ
s
country + εst,i

(4.1)

with t being a year-index and i being a country-index. Investments inv are assumed to

be a function of revenues per access, revenue
access

, the number of mainlines in operation per

household (number of mobile subscribers per capita), access
pop

, entrants’ market shares in

the fix-line or the mobile market comp and the following control variables: population

characteristics pop like the population, GDP per capita and the share of urban popula-

tion as a measure of population concentration, the public ownership share pub, the costs

of capital, int. rate, trend variables time and country control variables country.

Unfortunately, no public information is accessible on the telecommunication capital stock

in European countries. It is proposed in the literature to calculate the capital stock based

on the number of mainlines, i.e. the number of accesses to the telecommunication infras-

tructure. However, mainlines are a measure of infrastructure demand as customers ask

for the installation. Thus, mainlines are not installed without customers’ desire to do

so. I therefore refrain from using mainlines as a measure of provided infrastructure and

rather apply the share of mainlines in operation per households (mobile subscribers per

capita) as a measure of infrastructure demand (see below).12

Cadot et al. (2006) use the Perpetual Inventory Method (PIM) to calculate infrastruc-

ture stocks. They allocate information on a cross-regional infrastructure stock based

on the average past-years investment shares. However, such an approach can hardly

be adopted to markets which are subject to comprehensive technological deployments.

Moreover, no data are available for the time period before 1990 (even no mainline fig-

ures for all EU-15 countries). Thus, a starting level for the European telecommunication

capital stock can hardly be calculated.13

12Moreover, additional criticisms are brought forward in the literature (see e.g. Wallsten, 2001) as main-
lines cover only the last-mile infrastructure but do not measure backbone capacity and availability.

13Grajek and Röller (2009) employ data on the company level and, therefore, proxy the infrastructure
stock based on financial data.
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As infrastructure investments tie up capital in the long-run, it is important to control

for the long-run costs of capital. I include interest rates based on 10-years government

bonds which are expected to have a negative impact on infrastructure supply but no

effect on demand.

Usually, infrastructure demand is assumed to be exogenously given in closed-form mod-

els. It either enters the estimation equation as a proxy for existing infrastructure or

it is ignored. However, taking demand as an exogenous variable neglects the impact

of service competition and other variables on demand. Standard approaches in the

literature estimate the effect of alternative impact factors on infrastructure provision

with closed-form investment models. These models implicitly assume a black-box struc-

ture with regard to the interplay of infrastructure supply and demand and ignore any

interactions of infrastructure demand characteristics and service competition. By giving

a more structural form to demand, I try to disentangle this black box.

Röller and Waverman (2001) express infrastructure demand as the number of main-

lines in operation. I adopt this measure for fix-line access and, correspondingly, use the

number of mobile subscribers as the measure for mobile infrastructure demand.14 The

dependent demand variable differs from the demand specification in Röller and Waver-

man (2001) in the sense that they construct demand as the sum of per-capita access

and the per-capita waiting list for infrastructure access. I ignore the waiting-list term

as it is stated in the OECD Communications Outlook 2001 that the waiting time and,

thus, the number of customers waiting for infrastructure availability is negligible for the

period since about 1990 (p. 211 and Table 8.1). Moreover, it is stressed that due to this

fact most countries have even stopped listing waiting time (Table 8.2).

Using a measure based on the number of mainlines or mobile subscribers for infrastruc-

ture demand holds some pitfalls, firstly, as it excludes the individual quantity of usage

and, secondly, as it ignores quality differences. However, infrastructure usage and the

quality level of the access mode relate to the services provided on the lines and do not

14Röller and Waverman only consider (fix) mainlines as mobile telephony is of no interest for the period
of their model.
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necessarily express the singular demand for access lines.15

The demand equation therefore has the following structure:

log
accesst,i
popt,i

= αdt,i + βdaccprlog
revenuet,i
accesst,i

+ βdacclog
accesst−1,i

popt−1,i
+ βdcompcompt,i

+log(popt,i)
′βdpop + βdpublog(pubt,i) + βdint. ratelog(int. ratet,i)

+βdtimetime+ country′t,iβ
d
country + εdt,i

(4.2)

I assume a very similar structure for supply and demand as no information about drivers

of infrastructure demand could be found in the literature. By adopting an equation sys-

tem for supply and demand, I use the variables typically provided in the literature to

affect infrastructure investments and consider whether they better explain supply or

demand or even both.16 Simultaneous-estimation methods allow for such a specification

as the common variance-covariance matrix accounts for correlations between the error

terms as well as endogenous variables and the exogenous variables of the two equations.

While infrastructure demand enters the supply equation, I include the one period lagged

demand into the demand equation as a customer’s decision about infrastructure demand

is a singular decision and is not changed every period. Thus, the demand for infrastruc-

ture in period t should strongly depend on infrastructure demand in period t − 1. I

also include an approximation for the relative value of the infrastructure access, which

is the total infrastructure revenue per access, revenue
access

, as is done in Röller and Waver-

man (2001). Unfortunately, there is no consistent information about access prices due

to highly distinct pricing methods across countries and due to repeated adjustments of

access price calculations in individual EU member states.

For analyzing whether substitutive effects exist between fix-line and mobile infrastruc-

ture, I additionally include mobile revenues per subscriber in the fix-line supply function

and fix-line revenues per mainline in the mobile supply function. Similarly, I include the

number of mainlines in operation per household in the mobile demand equation and the

number of mobile subscribers per capita in the fix-line demand equation.

15For the analysis of infrastructure quality differences, alternative measures such as broadband avail-
ability or UMTS technology subscriptions could be used. Nevertheless, this is not the aim of the
analysis in this chapter.

16Thus, the results of my estimations provide more information of how one could specify infrastructure
supply and demand.
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4.4.2 Data Description and Data Adjustments

Data Sources

I apply data aggregated on the country level for the EU-15 countries as well as Norway

and Switzerland between 1990 and 2007. Data are mainly taken from OECD sources,

which include information from various editions of the biannual OECD Communica-

tions Outlook (1999, 2001, 2009). Additionally, I also use data from the OECD Inter-

national Regulation Database about regulation and competition and information from

SourceOECD and Eurostat on long-run interest rates. Population concentration data is

taken from the UNECE website.17

Data Description

Table 4.1 provides an overview of the variables used in the analysis for the first and the

last year of the observation period as well as for 1998 as this is the year of the trans-

position of the EC directives to national laws in most EU member states. All financial

variables are deflated using the CPI 1990 and are expressed in US Dollars (USD) for

reasons of comparison between countries.

The strong reduction in fix-line infrastructure investments and the simultaneous increase

in mobile infrastructure investments is mainly due to the ongoing increase in mobile roll-

out during the observation period. While total investments decreased from nearly 2650m

USD in 1990 to about 2290m USD in 2007 in a cyclical move, the share dedicated to

mobile investments increased.

Concerning the demand for infrastructure access, the aggregated figures correspond to

the graphs in Figure 4.1. A weak increase in the demand for fix-line access and a very

strong increase in the demand for mobile access during the observation period is ob-

served. Figures on the relative change in demand provide some descriptive impression

of the slope of the demand curves. The relative change in fix access lines experienced

a weak downward slope between 1993 and 1999 but afterwards continuously increased

17http://www.unece.org/stats
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Table 4.1: Descriptive Statistics

1990 Mean Std. Dev. Min Max Obs.
Fix Investments (m) 2601.5 3261.8 442183 10344.0 17
Mobile Investments (m) 47.0 51.9 0 198.4 17
Fix Access/Pop. 0.456 0.114 0.240 0.689 17
Mobile Access/Pop. 0.015 0.018 0 0.054 17
Rel. Change Fix Lines* 3.7 2.6 0.4 11.8 17
Rel. Change Mobile Lines* 29.1 14.0 11.6 53.1 16
Fix Rev./Acc.* 706.9 192.1 453.4 1190.3 14
Mob. Rev./Acc.* 188.8 620.1 5.9 2429.4 15
Population (mill.) 21053.0 22886.1 378.4 62063 17
GDP/Pop. 21235.6 7639.8 7150.9 34363.5 17
Share Urban Population 72.2 12.3 47.9 96.4 17
Long-Run Interest Rate 0.111 0.025 0.065 0.154 15
Fix Market Share Entrant 0.471 1.940 0 8 17
Mobile Market Share Entrant 3.5 10.1 0 37 17
Gov. Share Fix Inc. 93.2 19.3 35 100 17
Gov. Share Mob. Inc. 93.2 19.3 35 100 17
# Fix Prov. > 1 5.9 24.3 0 100 17
# Mob. Prov. > 1 17.6 39.3 0 100 17
* 1991

1998 Mean Std. Dev. Min Max Obs.
Fix Investments (m) 1576.6 1711.1 16.2 4987.6 17
Mobile Investments (m) 735.6 700.3 9.3 2062.5 17
Fix Access/Pop. 0.511 0.079 0.386 0.688 17
Mobile Access/Pop. 0.291 0.116 0.170 0.554 17
Rel. Change Fix Lines -1.8 6.1 -17.4 5.1 17
Rel. Change Mobile Lines 40.0 10.8 19.1 54.4 17
Fix Rev./Acc. 764.9 254.5 253.9 1405.2 17
Mob. Rev./Acc. 104.5 41.6 45.7 218.3 17
Population (mill.) 22617.7 25579.9 419 82035 17
GDP/Pop. 26162.0 8713.3 11726.4 46181.4 17
Share Urban Population 73.6 11.8 53.1 97.0 17
Long-Run Interest Rate 0.050 0.011 0.030 0.085 16
Fix Market Share Entrant 8.4 16.1 0 63 17
Mobile Market Share Entrant 36.7 18.0 0 66 17
Gov. Share Fix Inc. 56.9 38.5 0 100 17
Gov. Share Mob. Inc. 58.5 39.8 0 100 17
# Fix Prov. > 1 47.1 0.514 0 100 17
# Mob. Prov. > 1 100 0 0 100 17

2007 Mean Std. Dev. Min Max Obs.
Fix Investments (m) 820.2 831.3 27.0 2488.2 17
Mobile Investments (m) 1467.8 1446.0 48.3 4178.2 17
Fix Access/Pop. 0.645 0.100 0.440 0.808 17
Mobile Access/Pop. 1.2 0.162 0.902 1.5 17
Rel. Change Fix Lines 2.8 5.8 -7.1 14.6 17
Rel. Change Mobile Lines 7.0 4.0 -4.4 14.4 17
Fix Rev./Acc. 1419.6 712.9 362.9 3235.1 17
Mob. Rev./Acc. 328.5 97.8 185.7 499.3 17
Population (mill.) 23580.2 26341.7 473 82376 17
GDP/Pop. 49593.5 20073.9 21112.1 105065.3 17
Share Urban Population 75.2 11.1 58.9 97.3 17
Long-Run Interest Rate 0.041 0.004 0.029 0.049 16
Fix Market Share Entrant 35.2 10.0 21.2 60 17
Mobile Market Share Entrant 55.3 8.0 41 74 17
Gov. Share Fix Inc. 26.3 28.5 0 100 17
Gov. Share Mob. Inc. 23.4 28.5 0 100 17
# Fix Prov. > 1 100 0 100 100 17
# Mob. Prov. > 1 100 0 100 100 17
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at a low rate. Concerning the relative change in the number of mobile subscribers, a

strong increase exists which corresponds to the slope of the demand curve as seen in Fig-

ure 4.1. Nevertheless, with a higher number of mobile subscribers, the relative change

in mobile subscriptions slows down. While fix-line and also mobile revenue per access

remained at a nearly constant level or even decreased during the first half of the ob-

servation period, both strongly increased with upcoming competition. During the first

half of the observation period, incumbents chose prices under weak or no competition.

In contrast, upcoming competition increased customers’ attention, which increased the

demand for services. Moreover, innovative transmission technologies reduced congestion

and enabled higher-quality services on the lines. Combining both infrastructure demand

and higher-quality service enabled a, in total, higher revenue per access in the second

half of the observation period.

Other telecommunication-related variables in Table 4.1 correspond to upcoming com-

petition and privatization. As the access to mobile infrastructure markets has been

regulated by licensing from its early beginnings and as multiple licenses have been is-

sued at a very early point in time, the concentration in mobile infrastructure markets has

always been lower (or at most as high) as in fix-line markets. Concerning competition

in fix-line markets, the 1998 liberalization proves to be much more important as only

a few countries had installed fix-line infrastructure competition before this year. Even

today, fix-line infrastructure access is provided mostly by one operator in national mar-

kets. This operator is obliged to provide access to its infrastructure, to give access for

interconnection to its Main Distribution Frame (MDF) or to allow for interconnection

in the street cabinets.18

In line with the liberalization, governmental ownership of former fix-line incumbents

and also of the first mobile operator have been continuously reduced in many countries

leading to special governmental control and voting rights, "Golden Shares". The EC

regularly intervenes to prevent these control and voting rights as they deter the influ-

ence of shareholders in telecommunication companies.

18Nevertheless, this step to infrastructure competition has been a legal issue in most countries for an
extended period of time after the liberalization and it is also a major problem for high-quality service
provision on the infrastructure.
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Table 4.2: Expected Outcomes

Dependent Var. Supply Demand Supply Demand
Revenue/Access - 0 - -/0
Access/Population + +
Access/Population (-1) + +
Liberalization + + + +
Market Share Entrants + + + +
Other Infrastr. Rev./Acc. + + + 0
Other Infrastr. Acc./Pop. (-1) - -
Governmental Share + 0 +/0 0
GDP per population +/0 + +/0 +
Population + 0 + +/-
Share Urban Population - -/0 - -/0
Long-Run Interest Rate - 0 - 0

Fix Infrastructure Mobile Infrastructure

Expected Estimation Outcomes

Table 4.2 provides an overview of the expected estimation outcomes. In line with Röller

and Waverman (2001), revenues per access are expected to have a negative impact

on own demand. As revenues per access mainly correspond to prices for infrastruc-

ture access, Röller and Waverman use this measure as a proxy and therefore expect

the standard interrelation of prices and demand. Nevertheless, upcoming competition

after 2000 resulted in new services and new pricing structures such as bundle offers of

multiple services and infrastructure-access modes, which blur the usually assumed price-

demand structure. Figure A.3 in the appendix considers the interrelation of prices and

demand expressed by revenue per access and fix and mobile access lines. The figure is

a cross-country consideration for 2007. While I find an on average negative relation-

ship for mobile markets (R2 = 0.256), no clear-cut results could be drawn for fix-line

markets.19 In line with the literature on telecommunication liberalization, I expect a

negative effect of revenues per access on the demand for infrastructure access as, over

the total observation period, the negative price-demand effect should outweigh the blur-

ring effect of service-access-bundling and flat-rate offers introduced in line with more

innovative services (Röller and Waverman, 2001, Model (1), Hassett and Kozlikov, 2002;

Hassett et al., 2003).

19The positive slope is very low and the R2 is even below 0.05.
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4.4 Empirical Analysis

Lagged demand is assumed to have a positive impact on current demand as the decision

for a new access mode is a singular decision. Thus, if a customer had infrastructure

access in year t − 1 this access is in place also in year t. Moreover, in countries with a

higher demand for infrastructure access also the supply of infrastructure is expected to

be higher, which corresponds to the findings in Röller and Waverman (2001).

The following variables are used as proxies: Market Share Entrants as a proxy for

competition, Other Infrastr. Rev./Acc. as a proxy for cross-infrastructure price effects

and Other Infrastr. Acc./Pop.(−1) as a proxy for cross-infrastructure demand effects.

The remaining assumptions on control variables correspond to the findings from the

literature on infrastructure investments and infrastructure demand.

Data Adjustments

While the other information is available in the relevant specification, fix-line and mobile

investments have to be calculated from total investments. Unfortunately, no detailed

investment information is publicly available to separate fix-line from mobile investments

in European telecommunication markets for the period before the market liberalization.

The consideration of a low number of available data points for fix-line infrastructure

investments provides indication of how one could separate fix-line from mobile invest-

ments. Mainly two approaches for the calculation qualify to be equally valuable methods

which are either a measure based on lagged revenues or a measure based on the number

of access lines. For mainly technical reasons, which will be discussed in more detail

below, I use the approach based on access lines. In doing so, fix-line infrastructure in-

vestments are calculated from total investments as the share of fix access lines per total

access lines times total investments:

fix-line inv.t = total investmentst
fix access linest

fix access linest +mob. subscriberst
(4.3)

and mobile investments as total investments weighted by mobile subscription lines:

mobile inv.t = total investmentst
mob. subscriberst

fix access linest +mob. subscriberst
(4.4)
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4 Supply and Demand for Telecommunication Infrastructure

Fix-line revenues is a second variable which has to be derived. Nevertheless, this is a mi-

nor challenge as mobile revenues and also total revenues are available from the database.

Thus, fix-line access revenues are calculated as total telecommunication revenues minus

mobile revenues.

4.5 Estimation Approaches, Results and Discussion

I first derive the estimation approaches taking into account the results of multivariate

specification test.20 Afterwards, I provide the results and discuss them in more detail.

Estimation Approaches

Equation system (4.1) and (4.2) is estimated first assuming independence of both equa-

tions and then taking into account potential structural dependencies by adopting a

simultaneous estimation approach. In the independent estimation approach, the de-

mand equations are estimated using the standard Arellano-Bond method with robust

standard errors and restricting the dependent variable lag structure to 1 (Arellano and

Bond, 1991). For the investment equation, no lag dependence is expected. The derived

investment measures follow a cyclical structure as they are linear transformations of to-

tal investments. I estimate the investment equation using a GLS estimator with random

effects controlling for country differences and assuming a robust variance-covariance ma-

trix taking into account the Huber-White correction.21

In the independent estimation approach, log(access/pop.) is assumed to be exogenous in

the supply function as this is the standard model structure to explain investments known

from the literature. In contrast, the two-equation estimation takes log(access/pop.) as

an endogenous variable in the investment function and instruments log(access/pop.)

with its one-period lag and, additionally, with the one-period lag of demand for the

20Further information and results of alternative specification tests are provided in Appendix A.3.
21Estimation results are identical to the fixed effects approach except for the constant term.
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4.5 Estimation Approaches, Results and Discussion

other infrastructure when considering cross effects. I estimate the equation system us-

ing an IV-GMM-based approach as it is proposed in Baum et al. (2003) for panel data.

The estimator is a two-step GMM method, in which, firstly, endogenous variables are

estimated on all exogenous variables and, afterwards, the second equation is estimated

taking into account the estimation results of the first step. In contrast to the standard

IV approach, the GMM method is more efficient as it employs the optimal weighting

matrix, which is the inverse of an estimate of the covariance matrix of orthogonality

conditions (Baum et al., 2003). Thus, the standard IV approach uses one particular

weighting matrix out of the set of the alternative GMM weighting matrices.22, 23

Estimation Results and Discussion

Estimation results are provided in Tables 4.3 and 4.4. Columns 1 and 3 show the re-

sults of the independent equation estimations. Columns 2 and 4 show the results of the

simultaneous estimation approach.

Following Hypotheses 1 and 2, a positive effect of service competition both on infras-

tructure supply and infrastructure demand should exist. Based on observations from

other telecommunication markets, the EC expects service competition to provide direct

incentives to increase infrastructure availability and quality as infrastructure providers

are vertically integrated with service providers. In line with the literature, service level

competitors require adequate infrastructure quality to offer their services and to set

apart from each other. In consequence, service competition increases the demand for

infrastructure.

Competition is found to have a significantly positive impact on the demand for fix-line

infrastructure only for the two-equation estimations. In contrast, no direct effect on

investments is found in neither of the specification. However, service competition has a

significantly positive impact on infrastructure demand and also on infrastructure supply

22Hayashi (2000) provides more detailed information on the construction of the efficient GMM estima-
tor.

23I have also tested the results with heteroscedasticity- and autocorrelation-robust standard errors but
the estimation results and also their significance levels remain the same.
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4 Supply and Demand for Telecommunication Infrastructure

in the mobile estimations.24 Moreover, the demand coefficients are significantly positive

in all simultaneous estimation approaches. In consequence, ignoring the indirect effect

of competition on investments deters the conclusions derived from the estimations re-

sults: Considering fix-line supply and demand (Table 4.3), the impact of competition on

infrastructure investments would have been completely ignored with the single-equation

model. Turning to mobile supply and demand, the impact of competition on investments

would have been under-estimated without taking into account the indirect effect of com-

petition on the demand variables and, thus, on investments. On the one hand, new

entrants offer existing services at significantly lower prices, which initiates price wars à

la Bertrand. This is supported by the mobile-demand estimation results as mobile ser-

vice provision is strongly tied to the infrastructure provider. However, it is not found for

fix-line access.25 On the other hand, advertising and other professional communication

channels are used to provide more information to customers about innovative services

and forthcoming price reductions and, thus, to increase the interest and the demand

for infrastructure. These findings support the discussion in Plank (2005) that upcoming

competition on the service level stimulates the demand for infrastructure as service com-

petition forces companies to provide product information to customers. Based on this

information, customers demand more services and, consequently, directly and indirectly

demand for higher quality infrastructure. Thus, the estimation results support Hypoth-

esis 1 that service competition directly increases investments only partially, for mobile

infrastructure but not for fix-line infrastructure. In contrast, the indirect competition

effect on investments is found in all simultaneous estimation equations both for fix-line

and mobile investments, which is in line with Hypothesis 2.

Cross-effects between infrastructures are taken into account with specifications 3 and 4.

Following Rodini et al. (2003), upcoming mobile availability is a substitute for fix-line

access. In Europe, fix-line infrastructure has been in place at the time when mobile

access became publicly available. Moreover, mobile infrastructure capacity is lagging

24In specification 3a of the mobile estimation approach, the p-value of the competition coefficient is
0.108.

25Please see also the plotted cross-country estimations in Figure A.3 in the appendix.
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behind fix-line capacity. Therefore, Hypothesis 3 states that fix-line infrastructure in-

vestments are the reference when deciding on mobile infrastructure supply and demand

whereas fix-line infrastructure supply and demand are independent from the mobile mar-

ket situation.

While the demand for one infrastructure is independent from the demand for the other,

an ambiguous cross effect exists: mobile revenues per subscriber positively affect fix-line

infrastructure demand, whereas fix-line revenues per access line negatively affect mobile

infrastructure investments. These findings support the idea of a first-mover advantage of

fix-line infrastructure markets over mobile-infrastructure markets: When deciding about

an additional access mode, customers compare the prices of the alternative secondary

access options. As long as mobile infrastructure is comparably expensive, mobile de-

mand is the less preferable option. Thus, customers choose fix-line access instead of

mobile access. In consequence, in countries where mobile subscription is more expen-

sive, customers increase their availability by additional fix-line access modes. This has

not been a particular issue for private customers but rather for companies. In contrast,

for customers interested in a fix-line infrastructure access, mobile access is no adequate

substitute as in all European countries mobile access is a lower-quality access in terms

of transfer rates.26 No significant impact of mobile revenues per subscriber on fix-line

infrastructure provision is found. However, a significantly negative effect of fix-line rev-

enue per access line exists on mobile infrastructure supply. As the upgrade of fix-line

backbone infrastructure took place at a time when only low-quality services like tele-

phony or short messages could technically be transmitted on the mobile infrastructure,

it was a lower-quality substitute to fix-line infrastructure. Moreover, the upgrade of

mobile infrastructure for 3G services occurred at a time when similar fix-line broadband

quality has already been established. Due to this lag of quality between fix-line and

mobile infrastructure, fix-line infrastructure is a stronger substitute to mobile infras-

tructure than vice versa. Consequently, fix-line infrastructure market revenues affect

26Please note that the observation period covers, to a far extent, the years of introducing mobile
communication and upcoming mobile competition. Today, mobile-to-fix substitutability is probably
significantly higher than ten years ago.
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mobile infrastructure supply more than the other way around. This finding is strongly

in line with Hamilton (2003) but extends her results also to a data set of developed

countries. Moreover, the results also support the discussion in Rodini et al. (2003). The

estimation results thus confirm Hypothesis 3: As fix-line infrastructure is the primary

infrastructure available, mobile infrastructure supply and demand depend on the condi-

tions of fix-line infrastructure availability whereas only weak evidence is found for the

opposite direction.

Let us shortly consider the coefficients of the control variables. A significantly positive

population effect is found for mobile and also for fix-line investments.27 Telecommu-

nications is a social network, i.e. the more customers are available in a network, the

more traffic is provided on the lines, which requires higher investments. Therefore, the

larger the population size, the more infrastructure investments are necessary to cover

this higher traffic.

Per capita GDP has a significantly positive effect both on mobile infrastructure demand

and on mobile infrastructure supply when controlling for cross-infrastructure effects. In

contrast, its impact on fix-line infrastructure demand is, to a far extent, insignificant,

whereas it is weakly significantly positive for fix-line infrastructure supply. Following the

correlation matrix provided in Table A.9 in the appendix a significantly negative corre-

lation exists between per-capita GDP and mobile demand (-0.73). Dropping per-capita

GDP in the demand equation changes the remaining coefficients only slightly. However,

the coefficient of the GDP variable can hardly be interpreted due to these cross-effects.

Governmental ownership of infrastructure providers has a significantly positive impact

on investments. While it is found to have a positive effect also on demand for fix-line

infrastructure for the separate estimations (Columns 1a and 3a), this effect vanishes

with the system estimations. In contrast to profit-maximization aims, governments fol-

low macroeconomic aims with the telecommunication sector. As investments provide a

strong positive externality also on other sectors, which cannot be internalized by the

27Only in the cross-infrastructure estimation, this effect turns weakly insignificant (p-value = 0.127).
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investors, they would under-invest from a macroeconomic perspective.28 In contrast,

governmental participation forces infrastructure providers to increase investments above

the level optimally from the single company perspective.

Long-term interest rates are used as a measure for the costs of capital as infrastruc-

ture investments are very long-term oriented. However, I find no significant impact of

interest rates on investments. As the correlation analysis provides evidence for strong

correlations between interest rates and other explanatory variables, I excluded interest

rates in other estimation specifications not presented here. However, results remained

very similar. Even significance levels did not change.

In a nutshell, I find service competition to increase infrastructure investments, which

is in line with the literature. However, in particular for fix-line infrastructure, the

competition-impact is not a direct driver of investments. Service competition increases

the demand for infrastructure and, subsequently, induces an increase in infrastructure

supply. In contrast to the EC’s expectations, these findings provide first evidence that

it is not necessarily competitive pressure which motivates providers to invest. Moreover,

there must be a sufficient (derived) demand for infrastructure.

With regard to cross-infrastructure effects, I find that mobile infrastructure supply and

demand strongly depend on the revenue per access. On the one hand, customers pre-

fer a secondary fix-line access as long as mobile access prices are too high. On the

other hand, mobile infrastructure supply benefits from tougher fix-line infrastructure

competition. However, no reciprocal effects exist. These findings strongly demand

the consideration of both demand and supply and, in particular, cross-infrastructure

interrelationships when analyzing telecommunication infrastructure investments with

competing platforms. While I have focused on a period of comprehensive technologi-

cal improvements in fix-line transmissions and the roll-out of basic and higher-capacity

mobile infrastructure, these issues become even more relevant for fix-line and mobile

broadband analyses as more and more services could be used on both infrastructures

substitutively.
28Please see also Cave (2006a) and the cited literature.
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4.6 Conclusion and Limitations

Infrastructure availability and adequate quality are the central pre-requisites for higher-

value telecommunication services. In this chapter, I considered the driving impact factors

of fix-line and mobile telephony infrastructure investments. In contrast to closed-form

approaches, which are usually taken in the literature, I separated infrastructure supply

from demand. In doing so, it can be analyzed how service competition affects invest-

ments. The analysis is implemented for mobile and fix-line infrastructure separately so

that I can distinguish and compare the results across competitive infrastructures.

As in previous works, I find a significantly positive effect of upcoming service competi-

tion on infrastructure expansion. However, upcoming service competition does not only

directly influence investments, but it particularly increases the demand for infrastruc-

ture which, subsequently, initiates investments. During the transition process of the

liberalization, service market entrants stimulate the demand for new services and, as a

precondition, the demand for infrastructure of higher quality. This "demand pull" is

found for both established fix-line infrastructure and also mobile infrastructure where

competition occurred at an earlier point of the technological development. Therefore,

service competition, as a driver of demand, enables and supports the comprehensive

technological developments, which we have experienced during the last decade.

A political question arising from these findings is how service providers and customers

could be involved in the process of infrastructure roll-out. This is of particular interest

as infrastructure operators currently bear the risk of re-funding investments and, simul-

taneously, provide comprehensive positive externalities for service providers and other

industries. With more service competition but only one or two physical infrastructure

providers in fix-line markets, the challenges for infrastructure providers continuously

aggravate. My results support the proposal in line with the Third Regulatory Package

that service providers and customers should be integrated in the financing process of
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infrastructure investments.29 However, the actual way of its implementation is an open

point of discussion for future economic research.

In a next step, I have considered whether cross effects exist between mobile demand

and fix-line demand and also mobile supply and fix-line supply. While other coefficients

remain nearly unaffected, higher mobile prices reduce the demand for mobile infrastruc-

ture and, simultaneously, increase the demand for fix-line infrastructure. In contrast,

fix-line prices do not affect mobile infrastructure demand. As at each point in time fix-

line infrastructure quality is at least as high as mobile infrastructure quality, the decision

for (higher quality) fix-line infrastructure access takes place when there is no adequate

mobile substitute. In contrast, the decision about mobile access occurs when fix-line

infrastructure of similar transmission quality is already available. Therefore, when de-

ciding on a secondary access to increase availability, customers (in particular professional

users) choose an additional fix-line access if mobile access is too expensive.30

Similarly, the provision of mobile infrastructure depends on the situation in the fix-line

market. The higher the market price for fix-line access, the less mobile infrastructure is

provided. While mobile network operators derive their investment decision from fix-line

market competition, fix-line infrastructure supply is independent as no adequate infras-

tructure of comparable quality is installed. These results provide evidence that mobile

infrastructure is always a secondary infrastructure for service provision following fix-

line infrastructure due to the lack of transmission capacity. In contrast, fix-line market

competition directly affects the mobile market situation both in terms of supply and in

terms of demand.

Opening the black box of closed-form investment models allows us to specify results

already known from the literature in more detail and to learn more about the structure

behind the findings. In doing so, this chapter provides first evidence that (derived)

29The EC is aware of the drifting apart of service level profits and infrastructure investments and
therefore proposes that investment risks should be explicitly taken into account by regulators when
obliging local loop access (Directive 2009/140/EC).
http://ec.europa.eu/information_society/policy/ecomm/doc/tomorrow/reform/better_
regulation_directive/st03677_re06.en09.pdf

30Please note again that I consider infrastructure competition between one established platform and
a growing platform. Doing the exercise with current data will provide other results as mobile
infrastructure is completely rolled out at least at a basic level in all EU member states today.
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infrastructure demand plays a central role in the roll-out of infrastructure. The situa-

tion of Web 2.0 where customers themselves become active information providers and

where web-based communication turns more and more to peer-to-peer communication

will definitely foster the demand pull of infrastructure.

From the findings of the analysis of upcoming platform competition, fix-line infrastruc-

ture should be expected to be the first affected by this development. Dependent on the

revenue per mobile customers, mobile investments follow the development.

Some pitfalls of the analysis should not be ignored: I have considered investments on

the aggregated level in monetary terms. In consequence, even by controlling for country

differences, it cannot be stated that more investments are "better", firstly, as invest-

ments also include doubled lines resulting not necessarily in a reduction of congestion

and, secondly, as no information about existing infrastructure and its quality is available.

Moreover, due to data constraints at the current point in time, I have to accept some

drawbacks with the specification of supply and demand, which have been discussed in

the previous sections and which leave broader room for follow-up studies using a more

structural estimation approach to revise the outcomes of this chapter in the future.

102



5 Mobile Network Interconnection
and Investments

5.1 Introduction

Interconnection is an ongoing issue for competition and regulation authorities in network-

based markets. I address the topic of wholesale-price regulation and investments in Euro-

pean mobile telecommunication markets and analyze how investments affect termination

rates and off-net traffic. Following Article 8(2) of the Framework Directive (2002/21/EC)

"national regulatory authorities shall promote competition [...] by encouraging efficient

investment in infrastructure, and promoting innovation". Very recently, the EC took up

this topic again and proposed to implement long-run incremental cost (LRIC) regulation

in mobile voice call termination markets (Market 16 following the latest market defini-

tion of the EC). LRIC regulation should particularly encourage investment incentives as

all providers’ termination rates depend on the most efficient infrastructure elements.

Nevertheless, the topic of investments with interconnected networks has not been ad-

dressed in the empirical literature on network competition. There is only little empirical

evidence, focusing either on telecommunication markets as a whole or on the effect of

competition on investments.1 Consequently, we only know from theory how mobile

network providers, i.e. network providers in markets with comparably low market con-

centration, should interact. With this chapter, I want to provide more insights into the

issue of investment externalities in mobile markets.

1Central exemptions are Röller and Waverman (2001) or also Grajek and Röller (2009).
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I focus on (transportation) cost-reducing/cost-efficiency-increasing infrastructure invest-

ments and analyze how regulation affects the impact of investments on mobile network

providers’ wholesale profits. While quality-increasing investments, as discussed in Foros

(2004), Kotakorpi (2006) or Valletti and Cambini (2005), induce a change in customers’

calling behavior cost-reducing investments address the supply side. Lower costs enable

a provider to offer "more" origination and termination service on its network as both

existing facilities can be used more efficiently and the challenge of bottlenecks is miti-

gated. Note that one cannot easily separate investments in quality from cost-reducing

investments. I concentrate on cost-reducing investments due to the measurable direct

effect of cost changes on changes in termination rates and draw links to the topic of

quality investments where this is possible.

If one provider invests in its network this should also affect termination rates, quantities

and, thus, profits of other providers. Firstly, investments in cost reduction lower the own

termination rates (see e.g. Armstrong, 2002). As termination rates are costs for com-

petitors one should expect investments also to affect competitors’ calls to other networks

(see Valletti and Cambini, 2005). Secondly, the cost reduction changes the investor’s

amount of outgoing traffic because lower retail prices induce customers to increase their

demand for outgoing calls.

I consider these hypotheses under alternative pricing schemes (linear and non-linear) and

compare the results assuming alternative forms of regulation being in place in European

countries. Afterwards, the theoretical findings will be analyzed by adopting data for the

EU-15 countries as well as for Norway and Switzerland. I keep the models as close as

possible to the standard theoretical literature (among others Armstrong, 1998; Laffont

et al., 1998a and b; Carter and Wright, 2003) and adopt the assumptions and approaches

provided. This way, comparisons of the empirical outcomes with the theoretical findings

are facilitated and, moreover, also comparisons with the results of investment effects

expected from the literature are allowed for.
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In the theoretical part, I assume a three-step model with asymmetric players, which

mainly corresponds to the model in Dewenter and Haucap (2005).2 In doing so, a

positive investment effect on own profits is found but also a positive externality on com-

petitors’ off-net profits from incoming calls. While non-linear pricing provides similar

results as linear pricing, regulation (as assumed in the literature) ignores network exter-

nalities leading to a deterrence of competitors’ prices and traffic.

With the empirical model, I find support that investments reduce the investor’s termi-

nation rate and increase the investor’s incoming traffic. As the traffic effect outweighs

the effect on termination rates in the investor’s short-run profit function, the empirical

results correspond to the expectations derived from the theoretical model. Moreover,

investments increase competitors’ incoming traffic and reduce their termination rates.

Replacing the regulation control variables by interaction terms with investments shows

that the negative effect on competitors’ termination rates is not due to regulation. Com-

bining the empirical findings with the theoretical model the (pure) investment-induced

termination rate reduction even outweighs the price-driven traffic increase in the com-

petitors’ profit functions.

This chapter is organized as follows: The next section provides an overview of the ex-

isting literature on off-net mobile competition (Section 2). Afterwards, I introduce the

theoretical model. Hypotheses are derived which will be tested for the EU-15 countries

as well as for Norway and Switzerland (Section 3). In Section 4, the estimation ap-

proaches are introduced and compared with regard to alternative estimation outcomes.

Section 5 provides the estimation results and discusses them in more detail. Section 6

concludes and offers ideas for further extensions.

2I rely on the central assumptions in this paper as, to the best of my knowledge, it is the first paper,
which analyzes an issue in mobile network competition from both a theoretical and an empirical
perspective.
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5.2 Literature Review

Alternative aspects of mobile interconnection have been analyzed in an extensive range

of literature which is mainly based on the framework of three seminal papers, Armstrong

(1998), Laffont et al. (1998a) and Laffont et al. (1998b), hereafter A-LRT. Assuming a

symmetric two-operators model, the papers provide insights into multiple fundamental

outcomes concerning competition in network-based markets and open a wide range for

extending research. Concerning off-net traffic, Laffont et al. (1998a) show that in a

common per-unit pricing system the increase in total outgoing traffic corresponds to a

reduction in incoming traffic. Thus, one provider’s decision to reduce off-net prices is

a decision at the margin. Alternatively, allowing for on-net/off-net price discrimination

network providers choose higher off-net prices affecting customers’ network choice as

shown in Laffont et al. (1998b). In consequence, a raising-rivals-costs strategy in the

sense of increasing termination rates need not result in a change of retail prices but in

a promotion of competition for market shares.

The issue of infrastructure investments in network-based markets has been analyzed in

a comparably low number of papers mostly assuming a vertically integrated upstream

monopolist competing with one or more downstream entrants. Central results of these

papers have been proved to exist also with network competition. Foros (2004) shows

for a vertically integrated upstream monopolist and a downstream retailer that the level

of quality investments depends on the substitutability of downstream services. The

higher the degree of substitutability the lower is the investment incentive for the net-

work provider. Foros assumes investments to take place before the regulation stage. As

the investor does not know the implemented regulation in advance the under-investment

challenge becomes even stronger with regulation than in the situation with no regulation

which negatively affects total welfare. On the other hand, if downstream substitutabil-

ity is comparably low investments are used to force competitors out of the market.

Kotakorpi (2006) also finds support for the under-investment problem with downstream

substitutability. Following Kotakorpi, network competition eliminates the foreclosure

challenge of the upstream monopoly. Though, the long-run under-investment problem

still remains in place.
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Cambini and Valletti (2005) adopt the analysis of investment incentives to the frame-

work of network competition by introducing an investment stage to the standard A-LRT

model. The central assumption is that investments increase quality but do not affect

per-unit costs (as in Foros, 2004; and Kotakorpi, 2006). They show that with asymmet-

ric network size a small firm would benefit from a mark-up of termination rates over

costs whereas the larger competitor would lose. With a lower level of substitutability

between the services offered by the operators both providers would reduce investments

with termination rates above costs. Nevertheless, without regulation competitors would

negotiate a termination rate above per-unit costs, which reduces the incentive to invest

in quality increase.

I will keep these central findings from theory in mind when analyzing the impact of

investment externalities. As there exists nearly no empirical analysis of the theoretical

findings I try to provide some more insights into the interplay of competitors in mobile

markets by adopting the theoretical findings of investment effects on off-net prices and

traffic into an empirical framework.

5.3 Theoretical Model

In this section, I derive a theoretical model for short-run profits where I assume market

shares as given. I start with the more restricted linear pricing model and show how

termination rates and quantities change due to investments in cost-reduction. Then, I

compare the results of the linear pricing model with the outcome under two-part tariff

pricing. Finally, termination rates are fixed at a constant level due to regulation (i.e.

either at per-unit costs/at a constant rate above per-unit costs or at a cost-independent

level). I employ a simplified version of the model in Dewenter and Haucap (2005) and

use comparative statics to analyze alternative effects of investments on termination rates

and traffic in terms of total minutes of usage (MOU).
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Consider a market with a countable number of mobile network operators (MNPs) i,

i = 1, ..., N , i 6= −i. Customers are of mass 1 and have randomly chosen one MNP. As

in Dewenter and Haucap (2005), customers receive the same gross-utility a from calling

but no utility from being called.3 Calls are assumed to be balanced across customers.

Each customer in network i demands a−b(si)pi,j = a−bipi,j calling minutes to customers

in network j, j = 1, ..., N , i 6= j, where pi,j is the per-minute price for outgoing calls to

network j, bi is a scale parameter for price-elasticity increasing in the investor’s market

share si, b′(si) > 0. The larger bi the lower is the willingness to pay for one unit of off-net

calling. As I will only consider off-net traffic, the on-net/off-net pricing strategies and

the utility of being with a particular MNP need not be further specified. Customers only

decide on the call length depending on prices. The short-run demand function deviates

from the model in Dewenter and Haucap (2005) where the representative off-net demand

depends on the average off-net prices weighted by competitors’ market shares.4

MNPs are active in a calling-party-network-pays regime (cpp regime). The per-minute

termination rate ti is the wholesale price, which one MNP asks another for terminating a

call. The per-unit costs ci are identical for call origination and termination (as assumed

in A-LRT). Finally, I assume the long-run market to be sufficiently less concentrated.

For this setting this means si < 2
∑
−i s−i

b−i

bi
.

5.3.1 Short-run price choice

With a linear pricing scheme provider i’s short-run off-net profits from call origination

and termination are given by:

πi(pi,j, ti) =
∑

j π
i
i,j +

∑
j π

i
j,i =

∑
j ((pi,j − tj − ci)sisj(a− bipi,j))

+
∑

j ((ti − ci)sisj(a− bjpj,i))
(5.1)

3For the analysis of quality investments one could think of identical gross-utilities for customers per
provider ai.

4A more detailed discussion on customers’ demand for off-net calls can be found in Dewenter and
Haucap (2005) and Hörnig (2007). Nevertheless, by adopting Dewenter and Haucap’s assumptions,
bi = bj = b and pi = ci, one receives similar results with the model of this chapter.
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∑
j π

i
i,j are retail profits from outgoing traffic,

∑
j π

i
j,i are wholesale profits from incoming

traffic. Off-net call prices depend on the terminating network. While termination rates

are set equally for all incoming calls, retail prices for off-net calls are chosen dependent

on the termination rates of the called network.

Let us assume a three stage game where, firstly, MNPs decide on investments, afterwards

they choose termination rates ti and then decide on retail off-net prices. Customers

choose their amount of off-net communication depending on their provider’s retail off-

net price. Using backward induction optimum retail prices and termination rates will

be derived. With the structure assumed here I follow Dewenter and Haucap and ignore

the possible long-run strategy for the termination rate choice. The long-run termination

rate choice is the focal subject of many theoretical papers beginning with the seminal

work of A-LRT and Gans and King (2001) from a time-independent perspective and

with a time-dependent perspective in Höffler (2009).

Deriving (5.1) one gets i’s profit-maximizing off-net price:

pi,j =
a

2bi
+
ci + tj

2
(5.2)

Please note that provider i only partially passes through termination rates to its cus-

tomers.

Replacing prices for off-net calls and deriving the resulting profit function with respect

to termination rates yields:

ti =
ci
2
+

∑
j sj(a− bjcj)
2
∑

j sjbj
(5.3)

5.3.2 Investments

As I cannot analyze the equilibrium investment behavior of MNPs in the empirical part,

I use comparative statics here considering the effect of investments on the investor’s

termination rate, retail prices and off-net traffic and the externality of investments on

competitors’ off-net profits. I concentrate on investments in cost-reduction ki and assume

c′i(ki) < 0. The reasoning behind this assumption is that cost-reducing/cost-efficiency
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increasing investments are only implemented if the cost level taking into account depre-

ciation is reduced.

In what follows two alternative investment effects are compared:5 The own investment

effect represents the effect of investments on the investor’s profits from off-net traffic.

As the demand for off-net calls depends on off-net retail prices cost-reducing investments

affect the investor’s off-net profits both through wholesale and retail prices and through

the quantity of incoming and outgoing calls.

With the term investment externalities the impact of one provider’s investment on

another provider’s off-net profits from interconnection with the investor is described.

Notational note: In the following the investing network is indexed by i and −i is used

for all networks except for i and −j for all networks except for j 6= i.

Own investment effect

Deriving (5.3) with respect to ki yields the change in the termination rate for incoming

calls on network i:
∂ti
∂ki

=
c′i(ki)

2
< 0 (5.4)

As expected for monopoly prices, the termination rate decreases by cost-reduction. From

(5.2) we know that the effect of investments on the off-net price pj,i is 1
2
t′i(ki). Thus,

the cost-reduction is only partially passed on to customers. The investment increases

the amount of traffic from network j to network i because the impact on off-net prices

is strictly negative.

With lower termination rates a positive effect of investments on own wholesale profits is

observed as, firstly, termination rates decrease less severely than costs and as, secondly,

pj,i for any MNP j also decreases due to the reduction in termination costs:

∂
∑

j π
i
j,i

∂ki
= −c′i(ki)

si
2

∑
j

(
sj

1

bj
(a− bj(ti + cj))

)
> 0 (5.5)

5In Appendix A.4.1 a third investment effect will be discussed, which has been ignored in the literature
due to the standard assumption of only two competing networks.
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The term in brackets is non-negative for both the linear and the two-part tariff model

as we will see below.

The calculation of retail profits from the investor’s outgoing calls is provided in Appendix

A.4.2.

Investment externalities

The effect of i’s investments on own outgoing traffic depends on i’s relative market share.

Competitors’ termination rates are stronger affected by larger providers’ investments as

origination costs enter competitors’ termination rates weighted by the market share (see

equation (5.3)). Thus, competitors choose termination rates to be higher the higher the

market share of the investor and the stronger the investment effect on origination costs

due to the increase in incoming traffic:

∂tj
∂ki

= −c′i(ki)
sibi

2
∑
−j s−jb−j

> 0 (5.6)

While the impact of investments on incoming calling minutes to the investor is straight

forward, the effect on incoming minutes to competitors’ networks,
∑

j qi,j =

si
1
bi

∑
j sj

ai−bipi,j
2

, is ambiguous. With higher wholesale prices for termination the in-

vestor chooses higher retail prices for outgoing calls. On the other hand the efficiency

increase reduces origination costs. The total effect therefore depends on whether the ef-

ficiency increase outweighs the effect on competitors’ termination rates or not. Deriving

prices for outgoing calls from the investor’s network pi,j with respect to ki yields:

∂pi,j
∂ki

= −c
′
i(ki)

2

sibi − 2
∑
−j s−jb−j

2
∑
−j s−jb−j

(5.7)

which is negative as the second term is strictly negative (given the assumption of suf-

ficiently low market concentration). Even though competitors’ termination rates in-

crease in i’s investments, the investor does not pass on this termination rate increase

to customers. Moreover, the cost-reduction overcompensates the investment effect on

competitors’ termination rates.
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As competitors’ costs of call termination on their own network remain unchanged by i’s

investments competitors’ wholesale mark up increases. Additionally, the total duration

of incoming calls from the investor’s network increases as off-net calls from i are positively

affected by i’s investments in cost-reduction. Combining these findings the investment

externality on competitors’ wholesale profits is positive:

∂πj
i,j

∂ki
= − c′i(ki)

2
sisj

(
si

2
∑
−j s−jb−j

(a− bi(ci + tj))

+(tj − cj)
(
1− si

2
∑
−j s−jb−j

))
> 0

(5.8)

I show in Appendix A.4.2 that the effect on competitors’ retail profits is also positive.

In a nutshell, a positive own-wholesale-profit effect exists as the cost reduction raises the

price-cost margin and – by reducing competitors’ off-net prices – increases the demand

for incoming calls. Furthermore, we have identified a positive externality on competi-

tors’ wholesale profits: Firstly, with lower off-net retail prices calling minutes from the

investor’s network increase and, secondly, competitors’ termination rates increase with

lower origination costs.

5.3.3 Comparison to Two-Part Tariffs

Similar investment effects as found with the linear pricing model do not necessarily exist

with alternative pricing schemes. One commonly used approach in the literature are

two-part tariffs with per-unit prices equal to termination rates plus origination costs

(e.g. A-LRT; Wright, 2002; Armstrong, 2002). Furthermore, it is repeatedly assumed

that cost-based regulation forces termination rates to be set at per-unit costs of call

termination. Valletti and Cambini (2005) also allow for termination rates at a fixed

level above marginal costs. With these alternative/additional assumptions about a fixed

termination rate investment effects change as follows:

If the retail price for outgoing calls to network i is fixed at termination rates plus

origination costs, pj,i = ti + cj, changes in termination rates are directly passed on to

customers’ demand choice. Thus, the investor’s termination rate reduction increases the

demand for outgoing calls to network i.
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Is the change in termination rates completely passed on to the demand for outgoing

calls? If this is the case it induces the following change in demand for calls to network

i and for calls from network i (with unrestricted termination rates):

∂
∑

j qj,i

∂ki
= c′i(ki)

∑
j
∂qj,i
∂pj,i

∂pj,i
∂ci

= − c′i(ki)

2
si
∑

j sjbj
∂
∑

j qi,j

∂ki
=−c′i(ki)sibi

∑
j sj

(
1− sibi

2
∑
−j s−jb−j

) (5.9)

Thus, the demand effect is twice the demand effect with linear prices. With termination

rates fixed to costs the change in demand is:

∂
∑

j qj,i

∂ki
=−c′i(ki)si

∑
j sjbj

∂
∑

j qi,j

∂ki
=−c′i(ki)si(1− si)bi

(5.10)

With the additional assumption of termination rates equal to per-minute costs it is four

times the effect. This excess demand increase does not change j’s off-net profit as retail

prices are at per-unit costs.

So far, I have ignored the impact on the subscription fee. With a lower per-unit price the

subscription fee is set higher dependent on the (expected) increase in consumer surplus.

As Peitz (2005) states:

"In a neighborhood around cost-based access prices an increase in the competitor’s [en-

trant’s] access price leads to lower subscription fees of any [both] operators."6

Taking for example the model of Peitz (2005) one can easily show that the investor’s

and a competitor’s subscription fee rise due to investments. Corresponding results could

be derived for the investment effect on own profits from outgoing calls and also for an

indirect investment effect on outgoing calls.

In praxi, the traffic-independent subscription fee of two-part tariff schemes cannot be

adjusted as fast as the per-unit price. The adjustment delay is due to contract duration

with customers and overlapping beginnings of contract periods. As investments do not

have a one-shot property but, moreover, are conducted continuously one should either

6Peitz (2005), p. 9. Peitz considers the two-provider case.
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Table 5.1: Mobile Regulation in the EU-15, Norway and Switzerland
cost-based incentive cost-based incentive cost-based incentive

Austria X

Belgium X

Denmark X

Finland X X X

France X

Germany X

Greece X

Ireland X

Italy X X X

Netherlands X

Norway X

Portugal X

Spain X

Sweden X X X

Switzerland X

United Kingdom X X X

2001 2004 2007

Source: Information taken from the Plaut Economics Regulatory Index
(Zenhäusern et al., 2007) and alternative regulators’ websites

expect ongoing re-adjustments of subscription fees or, alternatively, per-unit prices above

per-unit costs as a second-best option. Contract adjustments are not implausible even

during the contract period if providers benefit from lower retail prices, for example due

to own or competitors’ investments.

5.3.4 Regulation

With the transposition of the competition enforcing regulation directives to national

law in 2004 and 2005, mobile termination markets have been regulated in all EU mem-

ber states at the latest. Nevertheless, the directives do not specify, which regulation

scheme should be adopted. In European countries mainly two alternative regulation

schemes have been in place since 2000. Cost-based regulation like LR(A)IC is the most

wide-spread approach and is the one, which the EC proposes to be extended for mo-

bile communication markets in a recommendation of 07 May 2009.7 The alternative

7http://europa.eu/rapid/pressReleasesAction.do?reference=IP/09/710&format=HTML&aged=
0&language=EN&guiLanguage=en
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regulation scheme is incentive regulation meaning either price- or revenue-cap regula-

tion. Table 5.3.4 provides an overview of the alternative regulation approaches being in

place in Europe.

Cost-based regulation forces termination rates to be chosen at the cost level or a constant

mark-up above costs. With cost-based termination rates, investments in cost reduction

are directly passed on to the investor’s termination rates. While the investment exter-

nalities on incoming calls are higher with cost-based regulation than without regulation

the wholesale price-cost margin remains constant. Concerning the effect on profits from

outgoing calls to the investor, a stronger reduction in retail prices is observed since the

mitigating effect of cost-reduction on optimally chosen termination rates is abolished.

The price effect is overcompensated in the competitors’ profit functions by a higher de-

mand for outgoing calls.

Please note that LRIC regulation as it is usually defined in the literature is a simplifi-

cation of the more technical definition given in Laffont and Tirole (2001):

"LRIC=Marginal cost of date-t production of the most efficient technology × (Interest

rate + Rate of technological progress + Rate of physical depreciation of the equipment)"8

If LRIC regulation is introduced in the strict sense competitors were forced to reduce

their termination rates in line with an investment. In consequence, this would deter

the outcome twice: Firstly, the investor’s retail price would decrease more than with-

out regulation and even more than with standard cost-based or incentive regulation

as the competitors’ termination rate reduction stronger affects the investor’s price-cost

margin. Secondly, the competitors’ wholesale price-cost margin would also be deterred

increasing the off-net traffic between competitors. Thus, under LRIC regulation the

strategic-instrument character of investments is enhanced in the short run (increasing

incoming traffic and reducing competitors’ profit margins). In contrast, with standard

cost-based regulation direct investment effects vanish as termination rates are unaffected

by competitors’ investments but are in place with the LRIC form.

8see Laffont and Tirole (2001), p. 151
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Price-cap regulation requires an upper bound for termination rates set by the regulator,

which is based on a price basket of telecommunication services. Thus, by investing in

cost-reduction, MNPs directly gain from a higher wholesale price-cost margin. Nev-

ertheless, the incoming traffic remains unaffected as long as the individually optimum

termination rate is higher than the upper bound. The adoption of price-cap regulation

to the model results in a stronger investment effect on the wholesale price-cost mark-up

than in the absence of regulation as termination rates are fixed. The investment effect

on profits from incoming calls is similar to standard cost-based regulation. The whole-

sale mark-up changes only due to the cost-reduction but not because of an increase in

incoming calls. As termination rates are fixed for every provider separately, investment

externalities under a price-cap regulation scheme only consist of an increase in traffic.

All other variables (competitors’ retail prices, termination rates and outgoing traffic) are

unaffected by investments. Indirect investment effects vanish as termination rates are

independent of competitors’ traffic.

Under a two-part tariff pricing scheme with per-unit prices at cost-level we still ob-

serve positive investment effects on the traffic from and to the investor. One exception

is incoming calls under an incentive regulation scheme because the investor’s termina-

tion rates are unaffected by the investment. The cost-reduction increases the investor’s

traffic-depending profits only for incoming traffic under price-cap regulation as the ter-

mination rate level is allowed to be above costs. Similarly, there is a positive externality

on competitors’ traffic-dependent profit only for incoming traffic under the price-cap

scheme.

In a nutshell, regulation is expected to introduce a deterrence to investment effects as

it fixes price components either to a cost-based level or to an exogenously given price

basket. Thus, under cost-based regulation the investment effect on competitors’ prices

is larger whereas the effect on the investor’s prices remains equal to that of the situation

without regulation. With incentive regulation the own retail-price effect is equal to the

situation without regulation but no effect on competitors’ prices exists anymore.
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5.3.5 Discussion of the theoretical model

As a potential equilibrium situation cannot be analyzed with the data, I only consider

the impact of investments on own wholesale profits and the externality on competitors’

wholesale profits in the short-run. Thus, I do not fully specify the theoretical model

in the sense that I only analyze off-net traffic and ignore on-net effects of investments

and the substitutability between on-net and off-net calls.9 I use comparative statics

to analyze the impact of investments and do not further discuss investment costs. In

consequence, the strategic investment behavior as it is analyzed in Valletti and Cambini

(2005) is ignored here. In doing so, I mainly refrain from the consideration of size effects

in terms of market shares and ignore customers’ provider choice.

Even with these limitations the theoretical model provides two central results concern-

ing the impact of investments on termination rates and off-net traffic. The results of

the own investment effect analysis let expect that investments reduce own termination

rates, thus, increasing the demand for calls to the investor both assuming either regu-

lation or the absence of regulation. Please note that the demand increase is induced by

the termination rate reduction. Thus, the cost-reduction is only partially passed on to

customers with both a linear and a two-part tariff pricing structure.

H1 (Own investment effect): Investments reduce own termination rates but affect

incoming traffic only through the investor’s termination rate choice.

After the analysis of the own investment effects I turned to the effect of investments on

competitors’ termination rates and competitors’ incoming calls. The demand for outgo-

ing calls, i.e. the total incoming calls to competitors, increases in line with cost-reducing

investments, as the cost-reduction results in lower retail off-net prices from the investor’s

network. Due to this demand increase competitors are able to ask for higher termination

rates. Taking into account regulation, we should expect either no significant effect on

competitors’ termination rates or a reduction in termination rates. The impact on the

amount of incoming traffic to competitors is still positive.
9The on-net/off-net price differential problematic was first introduced in A-LRT and is the subject of
Hörnig (2007).
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H2a (Investment externality without regulation): Investments increase competi-

tors’ termination rates and directly increase the incoming traffic to the competitors’

networks.

H2b (Investment externality with regulation): Investments either have no effect

on competitors’ termination rates (standard cost-based regulation, incentive regulation)

or reduce competitors’ termination rates (LRIC regulation) and directly increase the

incoming traffic to the competitors’ networks.

As mobile contract conditions could be adjusted only in the long-run, I expect to find

these effects independently of the pricing structure. The effect on termination rates

might be reduced in the long-run but should still be observed.10

5.4 Empirical Analysis

In order to test the hypotheses, I employ data for the EU-15, as well as for the Nor-

wegian and the Swiss mobile wholesale markets. I first derive an econometric model,

which is closely related to the theoretical model of the previous section. Afterwards,

I shortly describe the data and the expected signs of the estimation coefficients. The

data selection, the description of some pitfalls with the data and also the way of data

adjustments is provided in Appendix A.4.3 and Appendix A.4.4.

5.4.1 Econometric Model

Both hypotheses consist of two parts, one concerning price effects and one concerning

traffic. It is therefore important to disentangle both effects. Two separate equations are

used to explain the effect of investments on termination rates and on incoming traffic.

Furthermore, two alternative equation systems are used for the first and for the second

hypothesis as two alternative effects of investments are tested.

10Please note that I refrain from hypotheses on off-net profits as due to data availability off-net profits
have to be derived from the available variables. Nevertheless, the impact of investments on off-net
profits will be further discussed in an extension to Section 5.5.
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Dewenter and Haucap (2005) provide a very promising approach for estimating termi-

nation rates. They use measures for market concentration and market size and control

variables for technology and regulation as well as country and year effects. I adopt this

approach and additionally include an investment parameter to get the following equation

for the analysis of the own investment effect on termination rates:

log(t1i,l,z) = αt1l,z + βt1invlog(investmenti,l,z) + βt1s log(si,l,z)

+βt1msizelog(msizel,z) + βt1urbpoplog(share upopl,z)

+regulation′i,l,zβ
t1
reg + βt11800GSM1800i,l,z + εt1i,l,z

(5.11)

where i is a firm index, l is a country index and z is a year index. s is the individual

market share in terms of customers, msize is the total number of mobile subscribers in

a country. The share of urban population share upop is introduced as termination costs

are expected to depend on the population concentration. With a higher concentration,

termination costs should be lower, thus, negatively affecting termination rates. Similarly

to Dewenter and Haucap, I introduce a GSM1800 dummy to control for providers which

only offer communication via the higher, more expensive frequency level. As there is

more detailed information available about the alternative regulation schemes, I add

regulation dummies for cost-based, incentive and asymmetric regulation, instead of the

approach provided in Dewenter and Haucap. They also added the Herfindahl-Hirshman-

Index (HHI) as a control variable and argue that they have expected to find a significant

impact of concentration on termination rates. Nevertheless, the explanatory power of the

HHI in their estimations might be reduced due to the high correlation with the market

share variables. Because of this issue in the estimation specification and as it is found

to have no significant effect on termination rates, I ignore the HHI in my estimation

approach.

The equation for the amount of incoming traffic to the investor is specified as follows:

log
(∑

j q
1
j,i,l,z

)
= αq1l,z + βq1invlog(investmenti,l,z) + βq1t log(ti,l,z)

+βq1s log(si,l,z) + βq1msizelog(msizel,z) + βq1postposti,l,z

+βq1urbpoplog(share upopl,z) + regulation′i,l,zβ
q1
reg + εq1i,l,z

(5.12)
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Besides the variables of the termination rate equation, I include termination rates and

a post-paid dummy into the quantity equation. From the theoretical model one should

expect a negative coefficient of the termination rate term. Also a positive coefficient of

the post-paid term is expected.

Equations (5.11) and (5.12) will be used in line with the first hypothesis on own invest-

ment effects.

For the second hypothesis, I aggregate the data with regard to investments. Although it

was not necessary to consider multiple investors simultaneously in the theoretical model,

it is important to take this aspect into account in the empirical analysis. As an indi-

vidual investment effect of one provider cannot be isolated from those of others, I use

a weighted average measure of investments as an explanatory variable for the analysis

of a potential externality. In order to make comparisons with the results of the first

equation system easier, I take the perspective of a competitor and consider how aggre-

gated investments affect termination rates and incoming traffic.11 Thus, I get for the

termination rate equation and the incoming traffic equation:

log(t2i,l,z) = αt2l,z + βt2invlog
(∑

j
investmentj,l,z

(N−1)l,z

)
+ βt2s log(si,l,z)

+βt2msizelog(msizel,z) + βt2urbpoplog(share upopl,z)

+regulation′i,l,zβ
t2
reg + βt21800GSM1800i,l,z + εt2i,l,z

(5.13)

log
(∑

j q
2
j,i,l,z

)
= αq2l,z + βq2invlog

(∑
j
investmentj,l,z

(N−1)l,z

)
+ βq2t log(ti,l,z)

+βq2s log(si,l,z) + βq2msizelog(msizel,z) + βq2postposti,l,z

+βq2urbpoplog(share upopl,z) + regulation′i,l,zβ
q2
reg + εq2i,l,z

(5.14)

where log(
∑

j
investmentj,l,z

(N−1)l,z
) is the logarithm of the average investment of all MNPs except

for i. All other variables are equal to those of the first empirical model. Due to lags

in the data employing a time dependent approach is much more susceptible to outliers

due to a strong reduction in observations. I therefore pool the data and use similar

estimation approaches as in Dewenter and Haucap (2005).

11Alternatively, one could also take the perspective of an investor and look at how investments affect
outgoing traffic and the competitors’ termination rates.
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5.4.2 Data Description and Data Adjustments

Data from multiple sources is employed including information about the fully vertically

integrated MNPs in the EU-15 as well as Norway and Switzerland, data about termi-

nation regulation and the termination rates, information about individual transmission

technology per provider and data about population concentration on a quarterly basis

between 2001 and 2007.12 Unfortunately, due to lags in the data structure I have to

ignore Greece and Luxembourg in the estimations. As not all information is provided in

the form required for the analysis I adjust the data.13 The most-relevant adjustment is

the calculation of incoming calling minutes. Among other sources, data from the Merrill

Lynch European Wireless Matrix is used, which provides only aggregated data on calling

minutes and does not distinguish on-net traffic from off-net traffic. Furthermore, it is

stated in the data description that due to double counting of incoming and outgoing

calls total calling minutes are upward-distorted.14 I correct the data using standard ap-

proaches known from the theoretical literature (e.g. A-LRT). Usually, separating on-net

from off-net traffic is done on the basis of market shares assuming a balanced calling

scheme. The total off-net traffic originating from MNP j is calculated as one minus the

own market share times the total minutes of usage:

qj,l,z = (1− sj,l,z)MOUj,l,z

where MOUj,l,z are the total minutes of usage of MNP j. The higher the individual

market share the more outgoing calls are terminated on the own network.

From these adjusted values, I calculate the quantity of incoming calls to any network i

as ∑
j qj,i,l,z =

∑
j

si,l,z
1−sj,l,z

qj,l,z

= si,l,z
∑

jMOUj,l,z

(5.15)

12I appreciate the comprehensive support with data provision by the Deutsche Telekom AG, which
enabled the access to non-publicly available information on traffic, company-specific information
and termination rates.

13The description of raw data adjustments is provided in Appendix A.4.3 and A.4.4.
14See the Merrill Lynch European Wireless Matrix 2007, p. 18.
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As in Dewenter and Haucap, information on costs of call termination is proxied with

variables like population concentration and a dummy for GSM-1800 technology. The

dummy takes the value 1 if the provider offers mobile services only in the frequency

band around 1800 MHz. If the provider also offers mobile services in the 900 MHz fre-

quency band or only in this lower frequency band the dummy takes the value of 0.

Many European MNPs are active in multiple countries or are organizationally linked

across countries. Thus, one might think of competitive advantages of these providers

over competitors in national markets because of economies of scale on the organizational

or technical level or because of the opportunity of cross-subsidizing investments. I have

controlled for multi-national activities including company dummies and dummies for

multi-national activities in the estimation equations and I have used Hausman specifi-

cation tests for comparing the results of the restricted and the unrestricted models. In

doing so, I could identify no significant additional company-specific effect as well as no

significant difference between multi-national MNPs and national MNPs.

One outstanding issue in the empirical investment analysis are delays in investment

effects. That is why one should use investments in a lagged form (Greenstein, 1997;

Friederiszick et al., 2008). I have tested alternative lag lengths also considering cyclical

investment effects. In doing so, I could identify a four-period investment cycle. Nev-

ertheless, correcting for cyclical investment effects brings us to no significant deviation

to the model where one assumes contemporaneous investment effects. Moreover, with a

time-variant approach I get results, which strongly suffer from a lower number of obser-

vations.

Table 5.2 provides an overview of the data for the first and the last year of the estimation

period. Off-net traffic increases during the observation period by about 50 percent, which

is driven by mainly three factors: Firstly, we observe an ongoing increase in the number

of mobile users in all countries over the observation period at a decreasing growth rate

over time, which means that the saturation point of mobile communication has not been

reached yet (see also Figure 4.1 in Chapter 4 and the OECD Communications Outlook

2007, Chapter 4). A second reason might be the change in the contract structure and

also in the usage of mobile phones. While in the early 2000s many customers used
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Table 5.2: Descriptive Statistics

2001 Mean Std. Dev. Min Max Obs.

MOU incoming (mill.) 41.9 26.2 0 132.7 143

termination rate (cent/min.) 0.328 0.339 0.102 1.240 163

capex (mill.) 168.4 216.4 38 931 20

market share 0.301 0.173 0.005 0.713 212

market size (mill.) 17704.7 18072.4 2508.0 56108.0 212

share urban population 0.741 0.113 0.551 0.972 236

post paid (mill. subscr.)* 3154.5 3501.7 283 11770 26

cost regulation 0.068 0.252 0 1 236

price/rev. cap regulation 0.136 0.343 0 1 236

regulation net monopoly 0 0 0 0 236

GSM 1800 0.102 0.303 0 1 236

2007 Mean Std. Dev. Min Max Obs.

MOU incoming (mill.) 61.0 30.0 0 166.1 120

termination rate (cent/min.) 0.220 0.251 0.057 0.990 148

capex (mill.) 103.7 80.6 14 379 138

market share 0.293 0.147 0.031 0.625 156

market size (mill.) 30235.2 32120.4 4589 93292.0 153

share urban population 0.753 0.110 0.589 0.973 177

post paid (mill. subscr.)* 3005.4 3691.5 82 15669 156

cost regulation 0.305 0.462 0 1 177

price/rev. cap regulation 0.339 0.475 0 1 177

regulation net monopoly 0.356 0.480 0 1 177

GSM 1800 0.102 0.303 0 1 177
*2002

mobile phones mainly for short calls or for short messages mobile devices changed their

character to organizers with music and photo applications. Thus, mobile devices became

more important not only for calling services but, moreover, as a standard companion in

particular for younger customers. Besides this change in usability, mobile communica-

tion more and more substitutes and, simultaneously, complements fix-line telephony (see

also the discussion in Chapter 4). Contract structures, in particular at the end of the

observation period, turned from minutes-based pricing to flat rate offers, which allows

customers to ignore call length. Before, many customers used their mobile phone only
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if no cheeper fix phone was available.15 Finally, lower off-net costs might be a driver for

the increase of traffic as a decrease in calling costs is probably passed on to customers,

which is also the standard assumption in theoretical models.

The high 2001 observations of capex might be driven by an outlier group in the data

set as in the following years investments between 95 and 120 million Euros have been

observed. Thus, the exceptionally high average investment level in 2001 is probably

not (only) due to the auctioning of or beauty-contests for UMTS licenses. Moreover, it

might be induced by missing data on smaller countries for the year 2001.

Concerning market shares, I find a slight reduction in market concentrations, which is

the target of termination regulation. Nevertheless, it is unclear whether the reduction

in concentration is driven by tougher regulation or whether the reduction goes only in

hand with a reduction in variability, also be seen from the standard deviation.

Table 5.3: Expected Outcomes

Dep. Variable Term. Rate MOU inc. Term. Rate MOU inc.
termination rate - -
capex - +/- +
market share - + - +
market size + +
share urban pop. - -
post paid + +
cost regulation + +
price/rev. cap regulation + +
GSM 1800 + +

Investment ExternalityOwn Investment Effect

An overview of the expected estimation outcomes is given in Table 5.3. From the the-

oretical model a negative effect of capex on the investor’s termination rate should be

expected. A positive effect on the competitors’ termination rates should exist in the

absence of regulation whereas the effect is zero or negative dependent on the under-

lying regulation scheme. Concerning the effect on off-net traffic, one should expect a

positive effect on the competitors’ incoming traffic. Please note that with cost-reducing

15See e.g. Ward and Woroch (2004).
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investments no (additional) investment effect on the investor’s incoming calls should

exist as the whole effect on incoming traffic stems from the change in the termination

rate due to investments.

Dewenter and Haucap (2005) have shown that larger providers choose lower termination

rates than smaller competitors. As this aspect was not explicitly modeled, no proposition

could be derived from the theoretical model without further assumptions.

With a higher population concentration less infrastructure must be installed. Thus,

maintenance costs and also costs for keeping the network running are expected to be

lower, which should be reflected in a lower termination rate.

Regulation effects are expected to be positive with regard to termination rates because

of the competition-inducing intention of regulation. Regulation is necessary where prices

are not at a competitive level. Thus, in countries with regulation higher prices should

be in place, which have to be brought down to a competitive level. The coefficients of

regulation dummies should therefore not be interpreted as the effect of regulation on

termination rates but as coefficients of control variables due to the pooled estimation

setup.

5.5 Estimation Approaches, Results and Discussion

Estimation Approaches

I estimate the equation systems provided in Section 5.4 using two alternative estimation

methods as only very little experience in estimating mobile competition models is cur-

rently available from the literature. In doing so, I try to provide some more insights into

alternative methods, which fit the structure typically assumed in theoretical models.

The first approach is standard generally least squares (GLS) with heteroscedasticity

robust standard errors. I estimate incoming traffic and termination rates separately

thus ignoring any endogeneity of termination rates on incoming traffic. The alternative
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Table 5.4: Estimation Results
log(term. rate)

log(capex) -0.025 ** -0.047 ** -0.026 * -0.044 **
( 0.012 ) ( 0.020 ) ( 0.014 ) ( 0.021 )

log(weighted av. capex) -0.042 *** -0.066 *** -0.035 *** -0.061 *** 
( 0.011 ) ( 0.023 ) ( 0.012 ) ( 0.023 )

log(market share) -0.155 *** -0.147 *** -0.184 *** -0.165 *** -0.173 *** -0.154 ***
( 0.014 ) ( 0.026 ) ( 0.015 ) ( 0.026 ) ( 0.015 ) ( 0.027 )

log(market size) 0.251 *** 0.196 0.186 ** 0.145 0.229 ** 0.192
( 0.096 ) ( 0.170 ) ( 0.089 ) ( 0.170 ) ( 0.096 ) ( 0.171 )

log(share urban pop.) -4.679 *** -8.860 ** -3.426 * -7.862 * -3.502 * -7.574 *
( 1.678 ) ( 4.252 ) ( 2.067 ) ( 4.489 ) ( 2.050 ) ( 4.465 )

cost-based regulation 0.138 * 0.124 ** 0.097 0.123 ** 0.101 0.130 **
( 0.075 ) ( 0.053 ) ( 0.068 ) ( 0.053 ) ( 0.068 ) ( 0.053 )

incentive regulation 0.090 *** 0.062 0.094 *** 0.053 0.097 *** 0.057
( 0.025 ) ( 0.042 ) ( 0.024 ) ( 0.043 ) ( 0.024 ) ( 0.043 )

netmonopoly reg. 0.009 -0.037 -0.020 -0.051 -0.015 -0.048
( 0.023 ) ( 0.045 ) ( 0.022 ) ( 0.047 ) ( 0.022 ) ( 0.047 )

GSM 1800 0.103 *** 0.109 *** 0.103 *** 0.124 *** 0.094 *** 0.115 ***
( 0.018 ) ( 0.039 ) ( 0.017 ) ( 0.039 ) ( 0.017 ) ( 0.039 )

constant -3.146 *** -- -2.294 *** -- -2.563 *** --
( 0.752 ) -- ( 0.736 ) -- ( 0.744 ) --

# Obs.
F (df)
(adj.) R2

log(MOU inc.)

log(capex) 0.009 -0.002 0.005 -0.009
( 0.008 ) ( 0.012 ) ( 0.008 ) ( 0.013 )

log(weighted av. capex) 0.045 *** 0.037 *** 0.053 *** 0.036 ***
( 0.012 ) ( 0.014 ) ( 0.009 ) ( 0.014 )

log(term. rate) 0.008 -0.203 -0.058 *** -0.248 * 0.021 -0.271 *
( 0.015 ) ( 0.158 ) ( 0.022 ) ( 0.147 ) ( 0.017 ) ( 0.160 )

log(market share) 0.969 *** 0.937 *** 1.237 *** 0.940 *** 0.985 *** 0.940 ***
( 0.014 ) ( 0.024 ) ( 0.018 ) ( 0.025 ) ( 0.014 ) ( 0.025 )

log(market size) 0.122 ** 0.137 * -0.190 ** 0.131 * 0.125 ** 0.143 *
( 0.056 ) ( 0.074 ) ( 0.081 ) ( 0.076 ) ( 0.064 ) ( 0.079 )

log(share urban pop.) -7.302 *** -8.466 *** -9.833 *** -9.336 *** -8.067 *** -9.408 ***
( 0.920 ) ( 1.574 ) ( 1.380 ) ( 1.525 ) ( 1.064 ) ( 1.587 )

post paid 0.000 *** 0.000 *** -0.000 ** 0.000 *** 0.000 *** 0.000 ***
( 0.000 ) ( 0.000 ) ( 0.000 ) ( 0.000 ) ( 0.000 ) ( 0.000 )

cost-based regulation -0.005 0.021 0.049 * 0.024 -0.008 0.029
( 0.018 ) ( 0.031 ) ( 0.026 ) ( 0.030 ) ( 0.020 ) ( 0.032 )

incentive regulation 0.024 0.036 ** 0.081 *** 0.046 ** 0.033 ** 0.049 **
( 0.018 ) ( 0.021 ) ( 0.021 ) ( 0.021 ) ( 0.016 ) ( 0.022 )

netmonopoly reg. 0.060 *** 0.050 ** 0.099 *** 0.062 *** 0.077 *** 0.062 *** 
( 0.016 ) ( 0.022 ) ( 0.023 ) ( 0.023 ) ( 0.018 ) ( 0.024 )

constant 0.382 -- 1.769 -- 0.062 --
( 0.683 ) -- ( 1.099 ) -- ( 0.771 ) --

# Obs.
F (df)
(adj.) R2

(6 b)
3SLS

0.975 0.961

country dummies included
year dummies included

0.972 0.965 0.975 0.963

500
12659.96 (27)742.2 (26) 955946.2 (27) 740.9 (26) 877385.2 (27) 713.2 (27)

510 510 500 500 500

GLS 3SLS GLS

(4 a)

(1 b) (2 b) (3 b) (4 b) (5 b)
GLS

0.955

500

3SLS

GLS 3SLS GLS GLS 3SLS3SLS
(6 a)(1 a) (2 a)

45985.5 (26)

(3 a) (5 a)

799 510 731 799
1263.5 (28)

country dummies included
year dummies included

0.950

500
46401.4 (27)1263.5 (28) 47046.9 (26) 1390.5 (27)

0.955 0.949 0.957 0.950

Note: ∗∗∗, ∗∗, ∗ represent significance at the 1, 5 and 10 percent significance level, standard errors
are displayed in brackets.



5.5 Estimation Approaches, Results and Discussion

method is a simultaneous estimation approach (3SLS) where log(termination rate) is

assumed to be endogenous. This term is explained with the variables of the termination

rates equation.16

Estimation Results and Discussion

The results of the alternative estimation approaches for own investment effects and for-

eign investment effects are given in Table 5.4. Firstly, I estimate the investment effects

on own termination rates and MOU (columns (1) and (2)), and on competitors’ termina-

tion rates and MOU (columns (3) and (4)) separately and, afterwards, combine them in

one equation system (columns (5) and (6)). By comparing the investment coefficients of

the GLS estimations with those of the 3SLS estimations, lower investment coefficients in

the termination rate equations and higher coefficients in the traffic equations are found.

The deviation of the GLS coefficients from the 3SLS coefficients for investments is driven

by ignoring the endogeneity of termination rates in the traffic equation. With higher

investments, firstly, the investor’s own per-unit costs and, secondly, also the competitors’

termination rates are affected. Ignoring the (positive) indirect effect of investments on

traffic leads to a larger capex coefficient and a higher termination rate coefficient for the

GLS approach.

From the theoretical model two hypotheses are derived: I find a significantly negative

effect of investments on the investor’s termination rate. Depending on the em-

ployed estimation model increasing investments by ten percentage points reduces the

investor’s termination rate for incoming calls by about 0.25 to 0.47 percentage points.

Rearranging equation (5.4), the theoretical model predicts that a ten percentage points

investment increase results in an increase in cost efficiency of about 0.5 to 0.94 percent-

age points.

16For a more technical description of the implementation of 3SLS estimation approaches see Cameron
and Trivedi (2005) and Cameron and Trivedi (2009).
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5.5 Estimation Approaches, Results and Discussion

Moreover, concerning the direct impact on incoming traffic no significant coefficients

could be identified, which corresponds to the results of the theoretical model. Never-

theless, investments indirectly affect traffic as at least the coefficients of the combined

estimation approach in column (6b) provides evidence for a negative termination rate

coefficient. I come back to this finding when calculating the effect of investments on the

investor’s short-run profits. So far, the estimation results confirm the first hypothesis

concerning own investment effects.

With regard to the second hypothesis, we observe a decrease in termination rates

and an increase in incoming traffic to competitors due to investments. While the

positive investment effect on traffic is in line with the outcome of the theoretical model,

following theory, a significantly negative effect on competitors’ termination rates was

only identified in line with LRIC regulation.

A more detailed analysis of alternative investment effects due to regulation schemes re-

quires the consideration of interactions between investments and regulation. Table 5.5

provides the extension of the estimations above where I have replaced the regulation

dummies by their interaction terms with investments employing the 3SLS estimation

method. Columns (1) and (2) are the results where either cost-based or incentive regu-

lation are compared to "no regulation", i.e. I exclude the other regulation scheme from

the observations. In column (3), I keep both regulation schemes in the data. We again

find support for the first hypothesis on the investor’s own termination rates and incoming

traffic. Moreover, also the effect on incoming traffic to competitors’ networks is positive.

Nevertheless, no evidence could be found concerning the expected impact on competi-

tors’ termination rates. While the direct common investment effect is in the range of

the previous estimations, particularly the interaction term is found to be positive and

even (weakly) significant for the first approach.

Thus, the estimation results support the second hypothesis (investment externalities)

with regard to the quantity of incoming traffic effect. Concerning the effect on ter-

mination rates, the results raise the question whether regulation indeed affects MNPs’

investment strategies. The theoretical model tells us that with no regulation investments
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5 Mobile Network Interconnection and Investments

should have a positive effect on competitors’ termination rates due to a higher demand

for incoming traffic to a monopolistic network market. Even with regulation, we should

either observe no investment externality on competitors’ termination rates (incentive

regulation, standard cost-based regulation) or a negative effect (LRIC regulation). This

is why an under-investment problem is often identified in the literature with regulation

uncertainty or with network competition.17

As competitors reduce their termination rates in line with another provider’s investments

independent of the existing regulation scheme this strategy must be in the competitors’

intention to maximize profits either in the short run or the long run. While I have no

data on long-run investment effects I will consider the short-run effect of investments on

profits in the extension to this section.

A number of control variables are included without developing explicit a-priori hypothe-

ses. Hence, the discussion of their estimation results is either based on the results of

other papers or is explorative in nature. We find a significantly negative market share

coefficient for termination rates, which is more or less in the range of Dewenter and Hau-

cap’s findings, and a positive coefficient for the traffic equations. If the market share of

a provider is one percentage point higher its incoming traffic is between 0.93 percent-

age points (with the 3SLS approach) and about 1.24 percentage points higher (for the

direct investment estimation using GLS). Note that these high coefficients are probably

mainly due to the way of constructing the dependent variable log(MOU inc.) as this

variable depends strongly on the MNP’s market share. Therefore, one should not put

too much weight on the log(market share) coefficient. Similarly, a highly significant

effect is found for the share of urban population.

In the discussion of a common regulation-investment effect, I ignored the alternative

types of regulation as control variables. Regulation has an ambiguous effect on termina-

tion rates and off-net traffic: While in cost-based regulated countries termination rates

are about 12.3 percentage points higher no significant effect of incentive regulation is

found. Following standard textbooks like Laffont and Tirole (2001), providers have no
17Please see also the discussion on the under-investment problem provided in Chapters 3 and 4.
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incentive to reduce prices under cost-based regulation as such a reduction would only

reduce costs but would not change the price-cost margin. In contrast, in countries with

incentive regulation off-net traffic is significantly higher.

To sum up, I analyzed the results of the theoretical model using alternative estimation

approaches. A negative effect of investments on own termination rates and no significant

effect of investments on incoming traffic are found, which means that the first hypothesis

cannot be rejected. Moreover, the estimations support the assumption in the theoretical

model that investments in mobile infrastructure are mainly cost-related. With regard to

the second hypothesis that investments positively affect competitors’ termination rates

and also increase competitors’ incoming traffic the outcome is ambiguous: While com-

petitors reduce termination rates due to other MNPs’ investments their incoming traffic

rises. In the following extension, the empirical findings will be replaced into the whole-

sale profit functions and I will consider how investments affect the investor’s and the

competitors’ wholesale profits. In doing so, I particularly check whether competitors’

termination rate reduction is profit-increasing even in the short run.

Extension: Calculation of the Investment Effect on
Profits

By adopting the estimation results to the theoretical model, I calculate the effect of

investments on wholesale profits. I do this exercise only for the 3SLS results due to

the restrictions of the GLS approach. As the per-unit costs of call termination are very

small, I fix them to zero. The change in profits is independent of the underlying retail

market pricing scheme meaning that the traffic-dependent change in profits is identical

whether I consider linear retail pricing or non-linear retail pricing.

The investor’s absolute change in profits from incoming calls due to investments is given

by equation (5.5). Rewriting this equation yields:

∂πij,i
∂ki

=
∂(ti − ci)
∂ki

∑
j

qj,i + (ti − ci)
∂
∑

j qj,i

∂ki
(5.16)
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Dividing (5.16) by profits per investment yields the relative profit change:

∂πij,i
∂ki

ki
πij,i

=
∂(ti − ci)
∂ki

ki
ti

+
∂
∑

j qj,i

∂ki

ki∑
j qj,i

(5.17)

In Table 5.4 both coefficients βq1inv and β
q1
t are not significantly different from zero in the

traffic equation whereas βq1inv is weakly significant in Table 5.5. Note that the quantity

change is the sum of the cost-related quantity change and the termination rate-related

quantity change. Moreover, we know from the derivative of own termination rates to

investments that the change in termination rates is half the change in per-unit costs.

Thus, equation (5.17) changes to:

∂πi
j,i

∂ki

ki
πi
j,i

= − ∂ti
∂ki

ki
ti
+

∂
∑

j qj,i

∂ti

ti∑
j qj,i

∂ti
∂ki

ki
ti

= −βt1inv + βq1t1 β
t1
inv

(5.18)

Similarly, one has to add the significant regulation coefficients of Table 5.5 for the in-

vestment effect on own profits.18 Doubling investments increases short-run profits from

incoming traffic by about 4.7 to 6.8 percentage points (when including interaction terms).

Similarly, the relative investment externality on competitors’ profits is calculated. The

relative profit change due to a one-percent change in investments is given by:

∂
∑
−j π

j
−j,j

∂ki

ki∑
−j π

j
−j,j

=
∂tj
∂ki

ki
tj

+
∂
∑
−j q−j,j

∂ki

ki∑
−j q−j,j

(5.19)

Rewriting equation (5.19) yields:

∂
∑
−j π

j
−j,j

∂ki

ki∑
−j π

j
−j,j

=
∂tj
∂ki

ki
tj
+

∂
∑
−j q−j,j

∂ci
c′i(ki)

ki∑
−j q−j,j

+
∂
∑
−j q−j,j

∂tj

tj∑
−j q−j,j

∂tj
∂ki

ki
tj

= βt2inv + βq2inv + βq2t β
t2
inv

(5.20)

By replacing the coefficients with the estimation results in Tables 5.4 and 5.5, we find that

the competitors’ wholesale profit changes by -1.2 and -2 percentage points, respectively.

While there exists a strong impact of investments on termination rates and also on traffic

the impact on profits is close to zero. In contrast to no investment effect on the investor’s

18I only consider the common estimation approach in columns (3) as this is the corresponding estimation
approach to Table 5.4.
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own incoming traffic, the increase in incoming traffic to competitors is relatively large

and, thus, reduces the negative effect on wholesale prices in the competitors’ profit

function. Thus, at least in the short-run, the effect on incoming traffic cannot outweigh

the reduction in termination rates.

With these calculations the question still remains why competitors reduce termination

rates if they are not obliged to do so. One admittedly speculative consideration might

be the following: The players in a market know the competition-driving variables of

the market, which are in particular prices (on the retail and the wholesale level) and

traffic. Moreover, as they are in a repeated game, they have experience in the impact of

investments on these variables, they know their competitors and, due to legal obligations

and sunk investment costs, they know that their competitors will remain the same in the

future. Since an investor is able to extract higher rents based on its current market share

and its customers’ calling behavior (without gaining market shares in the short-run) and

since competitors lose only little by reducing termination rates, we probably observe a

tit-for-tat game among the MNPs. Therefore, providers refrain from increasing their

wholesale prices expecting competitors to do the same. Additionally taking into account

multi-market activities, providers probably compete tougher where it is more profitable

and spare themselves where they gain less.

In a nutshell, the consideration of wholesale profits provides more insights into the change

in the wholesale price-cost margin and the change in quantities due to investments. By

adopting the estimation results to the theoretical model, we find a positive own-profit

effect as investments increase the investor’s wholesale price-cost margin and the incoming

traffic. On the other hand, we cannot identify a positive effect on competitors’ profits.

Moreover, the investment effect on competitors’ profits is close to zero as the (direct and

the indirect) investment effect on traffic compensates for the termination-rate reduction.
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5.6 Concluding Remarks and Limitations

Investments in competing networks is an ongoing issue in network-based markets because

of mainly two reasons: Firstly, investments are implemented to increase the investor’s

market share and, thus, particularly revenue. Nevertheless, the service provided depends

on the users, which means that a provider is ceteris paribus attractive only because of

a larger customer base. Secondly, investments directly affect the traffic to competitors’

networks. (Retail and wholesale) Prices are altered and off-net traffic changes. With

this chapter, I wanted to provide more insights into these two aspects of investments in

mobile infrastructure under the alternative European regulation schemes.

Starting with a theoretical model, I showed that under a linear pricing scheme invest-

ments should increase both own and competitors’ short-run wholesale profits from traffic

between the investor and any competitor. I extended the analysis to non-linear retail

pricing and find mainly similar results. Afterwards, I compared the outcomes to the

usual cost-based and incentive regulation approaches known from the literature: While

own termination rates decrease in line with investments, competitors’ termination rates

should either increase (in the absence of regulation), remain unaffected (with incen-

tive regulation and standard cost-based regulation) or decrease (with LRIC regulation).

Concerning traffic, both traffic to the investor and from the investor increase.

These findings are tested employing data for European mobile markets. With regard to

own investment effects, I indeed find support for a termination rate reduction. More-

over, with lower termination rates also the amount of incoming traffic to the investor’s

network is increased. By replacing the empirical findings into the theoretical model, one

gets the effect of investments on the investor’s wholesale profits, which raises by about

4.7 to 6.7 percentage points by doubling investments.

Concerning the effect on competitors’ profits, the amount of incoming traffic also in-

creases, whereas termination rates decrease (as expected only in line with LRIC regula-

tion). I therefore replace the regulation parameters in the estimation equations by their

interaction terms with investments. In doing so, a weak, mostly insignificant, additional

effect on termination rates is identified.
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Since regulation is found to have only a minor impact on the investment effect on ter-

mination rates and off-net traffic, it is concluded that the findings are probably due to

competitors’ strategic reactions. Combining the empirical findings with the theoretical

model the following results are derived: While the impact of investments on competi-

tors’ termination rates and traffic is not negligible only a small investment externality

on competitors’ profits could be identified. In particular, the direct investment effect on

incoming traffic compensates for the reduction in termination rates in the competitors’

profit function.

These findings raise the question whether MNPs probably behave as in a tit-for-tat

game: While a competitor loses only little in the short-run the investor is able to get a

positive return on its investments from incoming traffic and, in particular, also from its

own customers (because of a higher retail price-cost margin and more outgoing traffic).

As all MNPs invest continuously each of them gains from the others’ reluctance.19

Note that the analysis is based on some central limitations, which are mainly due to the

challenge with data availability: Firstly, I only consider the short-term effect of invest-

ments on termination rates and off-net traffic. In doing so, I ignore investment costs

and their depreciation over time, which also enter the per-unit costs. Nevertheless, one

could easily correct the per-unit costs in the theoretical model but the central results

will remain unchanged. Secondly, I assume market shares to be constant. A more com-

prehensive estimation approach should take into account the time dependence. Due to

lags in the data set I refrain from such an approach and only control for time effects.

Finally, more detailed cost information would strongly improve the analysis of the price-

cost margin and, thus, the analysis of off-net profits.

Even with these limitations the findings provide more insights into the strategic interplay

between MNPs in line with regulation and investments. Concerning the recommenda-

tion by the EC in May 2009 that LRIC regulation should be implemented in the market

for wholesale voice call termination (Market 16) in all EU member states, I find that the

type of regulation has only a minor impact on investment effects.
19Strategic interaction in mobile termination markets is also analyzed in Höffler (2009).
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Telecommunications has become one of the key sectors in the European economy since

its liberalization at the end of the 1990s. The transformation from national monopo-

lies to an integrated European market with a competitive structure is still an ongoing

process. This process is accompanied by external and sector-specific influences, which

are driven by the worldwide development of telecommunication services, and others,

which are mainly due to the European regulatory system. While service markets be-

came highly competitive and service companies, as a whole, benefit from technological

improvements of the infrastructure after the liberalization, infrastructure operators can

decreasingly internalize externalities provided by their infrastructure investments. The

drifting apart of the service level situation and the physical infrastructure situation is

mainly attributed to the better exploitation of infrastructure capacities by improvements

of transmission technologies and the development of highly innovative services. How-

ever, European regulation mainly ignores the challenge for infrastructure providers.

Before analyzing the situation in regulated markets, it is crucial to know the regulatory

system and how companies deal with changes in regulation. The European regulatory

system is a two-stage system where, on the higher stage, the European Parliament in

cooperation with the EC and national governments determines the regulatory frame-

work for all EU member states. On the lower stage, national governments adopt these

guidelines to national laws taking into account national distinctions. Besides, the EC

intervenes in telecommunication markets if it suspects the situation not to be in line with

pan-European guidelines and not to reach such a status without further interventions.
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In Chapter 2, three types of EC interventions are compared to each other based on their

impact on affected companies. They comprise (1) actions, which address a particular

group of markets across all member states, so-called cross-market interventions, (2) ac-

tions, which focus on a particular country, so-called country-addressing interventions,

and (3) actions on a company’s (or a group of companies’) behavior in a market, so-called

company-specific interventions. While the first two types require the adoption to na-

tional laws and, in this way, enable national adjustments, the last type directly addresses

individual companies. The comparison of the alternative types of interventions provides

evidence that companies are expected to act in line with the EC intention: As indirect

interventions (the first two types) are implemented to increase competition or efficiency

in the addressed markets as a whole, also the net present value of the affected companies

increases on average in these markets. On the other hand, addressing individual com-

panies to prevent them from exercising SMP reduces their net present value. However,

such an action does not affect other companies in that market. These findings show

that the EC effectively uses concerted actions to control markets also in the short term

if it suspects markets not to move to the desired stage. Moreover, country-addressing

interventions follow similar market aims as company-addressing actions. While the re-

actions to such actions are in line with the expectations, they do not significantly differ

in absolute terms. In contrast, indirected interventions cause much higher volatilities

in reactions, which shows that the transposition to national laws provides additional

uncertainty to markets.

On the lower stage, national governments follow own aims with national telecommunica-

tion markets, which are not necessarily in line with the guidelines of the European stage.

While actions of European institutions seek telecommunication markets to converge and,

finally, to integrate to a common European telecommunication market, national gov-

ernments take into account national and sub-national challenges when implementing

European guidelines and regulations to their national market conditions. The availabil-

ity of high-quality telecommunication infrastructure has become one key instrument to
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guarantee economic growth.1 National governments are therefore highly interested in

controlling telecommunication infrastructure provision and monitoring service provision.

In consequence, national and also sub-national governments are multiply engaged in the

telecommunication sector. Firstly, they determine the legal framework for the develop-

ment of markets, competition and infrastructure investments. Moreover, governments

still have a comprehensive impact on national regulators as they elect the members of

the presidential chamber. Secondly, governments also actively influence the develop-

ment of the telecommunication sector based on public ownership of telecommunication

companies and by supporting infrastructure projects with public aid. A consideration

of the alternative roles of governments in national telecommunication sectors is pro-

vided in Chapter 3. It is shown that governments could systematically combine their

alternative instruments either to foster the pan-European integration process or to alle-

viate the European impact on their national telecommunication sector. The EC seeks

to reduce the impact of national governments in national telecommunication sectors to

increase competition and efficiency. However, it could probably also use the close prox-

imity of governments to their national telecommunication sector for the pan-European

integration process, which requires transparent mechanisms further to reduce individual

national aims.

While Chapters 2 and 3 highlight aspects of the European regulatory system and their

impact on affected markets and companies, Chapters 4 and 5 provide more insights into

the development of markets and companies’ strategies under the given regulatory struc-

ture. Since the liberalization and subsequent technological improvements of transmission

systems, innovations on the service level turned the role of customers and telecommuni-

cation users in other industries from a passive, telecommunications-using position, to an

active, information-providing position. On the other hand, infrastructure providers can

decreasingly internalize the positive externalities of infrastructure installation. Chap-

ter 4 analyzes how structural changes and upcoming competition on the service level

1Following estimations by the EC, the telecommunication sector determined, directly and indirectly,
about 40 percent of Europe’s 2007 overall growth. Please see the introductory statement.

139



6 Summary and Policy Conclusions

affect infrastructure provision. It is shown, both for fix-line markets and for mobile

markets, that service competition does not only directly increase infrastructure invest-

ments. Moreover, service competition much more increases the demand for infrastruc-

ture, which, subsequently, increases infrastructure provision. These findings support

infrastructure providers’ demand for a stronger integration of service providers and cus-

tomers into the process of infrastructure roll-out as investments follow a "demand pull".

Even the consideration of the interrelationship between fix-line and mobile infrastruc-

ture also supports these findings. Moreover, this extension provides evidence that mobile

infrastructure supply and demand are derived from fix-line infrastructure supply and de-

mand. In consequence, companies and customers assume fix-line infrastructure to be the

standard access mode whereas mobile infrastructure is the additional access mode, which

provides a first-mover advantage for fix-line infrastructure.

Chapter 5 considers investment decisions under infrastructure competition with infras-

tructures of identical quality. In most European countries, fix-line infrastructure is a

monopolistic market on the local loop level. In contrast, mobile infrastructure is pro-

vided by three to four fully vertically integrated mobile network operators. While they

compete for customers, customers are locked-in after they have chosen a contract with

one operator who is their monopolistic provider for telecommunication services after the

provider decision. Therefore, the price for the access to customers, the termination rate,

is regulated. However, as investments increase infrastructure quality and/or increase

efficiency, they directly affect retail prices and also cost-oriented termination rates and,

thus, have an impact on the traffic between an investor’s and its competitors’ networks.

Chapter 5 shows that mobile network operators take into account competitors’ invest-

ments when choosing termination charges. However, the negative investment externality

on competitors’ profits from off-net traffic is much weaker than the positive impact on

the investor’s profits. As the negative termination rate adjustment is not caused by

regulation, it might be mainly due to strategic interactions of competitors.
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In contrast to other telecommunication markets, only a smaller number of studies concen-

trates on the specific European situation from an empirical perspective. In consequence,

most policy implications are either derived by observing the situation in non-European

markets or stem from economic theory. With this thesis, I try to bridge this gap.

The considerations of the previous chapters provide new information, which regard the

particular situation with the European regulatory system. On the one hand, these find-

ings support theoretical evidence and show similarities with studies on non-European

markets. On the other hand, the analyses offer new insights into distinctions of the

European market situation, which have not been considered so far. Overall, the main

policy recommendations can be summarized as follows:

� The EC disposes a set of multiple instruments besides Regulatory Packages to

affect telecommunication markets both on the pan-European level as well as on

the national level. The implementation of these instruments is found to reach

its intended aims as the net present value of affected companies reacts in the

expected direction. However, the EC disposes two instruments, country-addressing

interventions and company-specific interventions, which have been implemented in

the past to reach similar aims. As company-specific interventions result in a faster

adjustment of strategic behavior and, therefore, turn to a faster adjustment of

the market situation in the intended direction, directed interventions are found to

be more efficient than country-addressing actions from an economic perspective.

Thus, the EC is able to adjust national markets on its own initiative without taking

into account national governments’ aims (and the installed national legal system),

which reduces the administrative complexity and, consequently, uncertainty in the

regulatory process.

� Turning to the national situation, national governments can combine their alter-

native roles in the telecommunication sector to reach state-specific aims. While

the EC tries to reduce the influence of national governments in the telecommu-

nication sector, a key question for the EC must be how the interrelationship be-

tween national governments and the sector could be used and controlled to reach
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pan-European aims. This is of particular interest in line with financing infrastruc-

ture investments to enhance the European position in world-wide competition.

While the pan-European approach considers telecommunications as an indepen-

dent sector, investments (and also innovations) in telecommunications compre-

hensively affect other industries and customers’ habits. Therefore, my findings

provide evidence that financing necessary infrastructure investments requires a

macroeconomic consideration, which takes into account the externalities of in-

stalled infrastructure. An integrated approach, which could be established on the

existing interrelationships of public administrations and the telecommunication

sector, could be used to install new models for re-financing important infrastruc-

ture provision and, simultaneously, to improve overall infrastructure connectivity

and quality in Europe.

� Customers use alternative telecommunication infrastructures. These infrastruc-

tures are only partially substitutive. However, investments in one infrastructure

affect the usage behavior of customers. In consequence, also the traffic between

alternative infrastructures changes due to adjustments in infrastructure quality

caused by investments. Regulation ignores the effect of investments on the change

in usage patterns and, thus, deters investments and also investment externali-

ties. While regulation should foster competition and provide investment incentives,

standard cost-based approaches only partially take into account non-monetary ef-

fects of investments (if at all). This is a key challenge especially in markets, which

rely on (social) networks and corresponding network effects. The findings pro-

vided in Chapter 5 demand a much more flexible regulation scheme, which also

takes into account investment externalities. In contrast to the current regulation

scheme, such an approach should not only guide investments with a long-term

perspective but must also consider effects resulting from investments and, thus,

must have implemented much more flexible reverse loops.
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� Infrastructure provision requires a long-term perspective as investments amortize

over a very long period of time and as the availability of high-quality infrastructure

comprehensively spills over to the development of other industries. In consequence,

infrastructure providers demand a highly transparent legal framework, which en-

ables a long-lasting foresight of the development of returns. Such a long-lasting,

transparent perspective is provided by the Regulatory Packages on the European

stage. However, the adoption to national laws requires a very strict implementa-

tion. As previous telecommunication laws left broad room for interpretation, they

created a comprehensive workload for regulators and courts in most EU member

states, which has hampered transparency and, thus, investments. Governments

must learn from these negative experiences in the past for the transposition of the

Third Regulatory Package. In consequence, forthcoming adjustments in telecom-

munication laws should be implemented with a minimum level of interpretative

freedom to foster necessary infrastructure investments. Due to the key role of

telecommunications for other industries, this is a central pre-requisite to acceler-

ate growth after the economic crisis.

While these policy conclusions are based on the current legal and regulatory system

installed in the EU, changes in the political system and also in the telecommunica-

tion sector should be taken into account when implementing them in line with the new

Regulatory Package as telecommunications is a market of ongoing comprehensive tech-

nological changes and innovations.
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Glossary

Telecommunication regulation has brought forward a magnitude of technical terms and
abbreviations which will be explained in more detail in this glossary.

Backbone:
Backbone infrastructure describes the infrastructure starting at the MDF connecting
local access networks and also data centers. Besides the incumbent, competitors have
installed own backbone infrastructure. Therefore, backbone infrastructure is commonly
accepted to be not an essential facility in telecommunication networks.

Bitstream Access:
This type of access describes high-speed local loop infrastructure, which has been in-
stalled by the incumbent and which allows competitors to offer high-speed services to
customers. Competitors thus need no access to customers’ copper lines.

Cost-Based Regulation:
Under cost-based regulation the regulator chooses a price (optimally) based on forward-
looking costs which corresponds to the discounted costs or a constant rate above them.

Critical Mass:
In network theory the critical mass describes the point where the value of a network
(created by the number of users) is just identical to the price for the access to the net-
work. If the network size exceeds the critical mass, the network is sustainable as the
value of the network for each participant is higher than the access price. A network
collapses if the access price is too high.

Dynamic Regulation:
Dynamic regulation provides incentives for investments. In contrast to static regulation
(see below), dynamic regulation does not consider the current stage of competition or
efficiency of the market but assumes a long-run competition situation which requires
continuous investments in the infrastructure and in innovations.

ERG (BEREC):
The European Regulators Group (ERG) was set up in line with the Second Regulatory
Package and comprises the heads of all European NRAs (see below). The ERG con-
sults the EC in line with new regulation measures and informs the EC about current
regulatory challenges in EU member states. Moreover, members of the ERG exchange
information about their home markets and should consult each other on current issues.
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The Body of European Regulators for Electronic Communications (BEREC) will replace
the ERG in line with the national transposition of the Third Regulatory Package in June
2010. Members of the ERG become the members of the BEREC, but this new body has
more comprising decision and veto rights than its predecessor.

Golden Shares:
Golden Shares grant special rights to its owner which are mostly governments. While
decision rights usually depend on the number of shares, Golden Shares provide veto
rights independent of the concentration of other shares. As it deters decision rights it is
unaccepted by the EC.

GSM:
The Global System for Mobile Communications (GSM) was the first standard for mobile
systems in Europe established in the 1990s. In contrast to predecessor approaches, both
signalling and speech channels are digital. Therefore, GSM is also called the second
generation of mobile communications (2G).

Harmonization and Integration:
The European Integration process seeks to integrate EU member states’ telecommunica-
tion markets to one European telecommunication market. Integrating markets requires
a long-term process which started at the end of the 1980s and is still ongoing. As na-
tional telecommunication markets are in differing stages of competition and efficiency, it
is necessary to harmonize regulation and market rules. The harmonization of rules and
market situation is provided stepwise based on the EU Regulatory Packages (see below).
When harmonization has reached a sufficient stage, the EC can finalize the integration
process.

Implementation Reports:
Implementation Reports provide information about EU member states’ telecommunica-
tion sector developments with a special focus on upcoming challenges and tasks to be
solved during the next years. These reports are published by the EC on a yearly basis
and should comment the national implementation of the EU Regulatory Packages and
outstanding national issues in preparation of the European-wide integration process.

Interconnection:
Interconnection describes the access from one network to another either of competing
network providers or also of competitive platforms like fix-line and mobile interconnec-
tion. In a broader sense, interconnection also describes the cross-connection of alterna-
tive countries’ networks in the European-wide integration process as has been discussed
in line with the international roaming regulation debate.

Local Loop Unbundling /Last Mile Competition:
The local loop (last mile) describes the physical link or circuit which connects the end-
user with the network of a provider. While in fix-line networks it describes only the
company’s part of the network (i.e. not the part in the users’ house or, in some coun-
tries, apartments), in mobile networks the last mile is the cell around a cell tower and
the virtual line between the cell tower and the handset.
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LR(A)IC:
Long-run (average) incremental cost regulation is a cost-based regulation approach. Fol-
lowing Laffont and Tirole (2001) the LR(A)IC comprises the marginal costs of the pro-
duction at time t of the most efficient production technology available multiplied by the
cost of capital, a measure for technological progress and the rate of physical depreciation.
In contrast to standard cost-based regulation, LR(A)IC comprises not only current but
also future costs of the (expectedly) most efficient transmission equipment.

MDF:
The Main Distribution Frame connects a customer’s subscriber line with the local ex-
change of a provider’s network. Thus, the MDF is the connection point where an in-
cumbent provider and competitors get into physical line contact with customers. The
MDF is therefore the other end of the local loop where (digital) signals from and to cus-
tomers are just unbundled. The other end of the MDF is connected with the DSLAM,
the Digital Subscriber Line Access Multiplexer, which combines individual signals for
backbone transmission.

NRA:
National Regulatory Authority, the national regulator which (primarily) regulates the
national telecommunication sector. While this body could be integrated with other sec-
tor regulators like the German Bundesnetzagentur, it also fulfils more ex post-regulative
tasks as is the case with the British OFCOM which has provided antitrust controls for
the telecommunication sector.

Off-Net Traffic/On-Net Traffic:
Off-Net Traffic describes the traffic, either voice or data communication, which passes
more than one network providers’ infrastructure. In contrast, on-net traffic is describes
calls and services which originate and terminate on one single network.

Open Access (Network):
An open access network is a physical infrastructure, which is shared by multiply providers
serving information and data over the infrastructure. These providers commonly install
and maintain the infrastructure.

Price-Cap Regulation:
Price-Cap Regulation adjusts an operator’s wholesale price based on a price basket which
reflects inflation in the economy. One common approach is CPI-X or RPI-X regulation
where the price cap is calculated based on the Consumer Price Index or the Retail Price
Index minus efficiency savings which is increased over time at a pre-determined rate.

Regulatory Holidays:
Regulatory Holidays describe a period when no regulation occurs in an industry which
should be regulated due to common regulation rules. Regulatory Holidays are thus a
measure of non-financial aid. It should have been introduced in line with the installation
of VDSL in Germany. However, due to insufficient legal rules it was not allowed by the
European Court of Justice.
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Regulatory Package:
Regulatory Packages are the key instrument in the European regulatory system. In
December 2009 the Third Regulatory Package has been published which has to be
transposed to EU member states’ laws until June 2011. Regulatory Packages consist
of multiple directives which aim at a particular regulatory issue. The First Regulatory
Package, introduced in 1998, provided the framework for European-wide installation of
competition. The Second Regulatory Package was installed in 2002/2003 to continue and
foster competition and stabilize the new market situation and to further harmonize EU
member states laws and market structures in preparation of the European integration of
national markets. The Third Regulatory Package continues the integration process by
further adjusting regulation on the national level and providing more decision powers
and, thus, independence to national regulators.

Static Regulation:
Static Regulation provides regulatory instruments which mainly concentrate on the cur-
rent market situation but which ignore long-run competition and innovations in markets.
It is thus a less effective regulatory approach for (most of the) telecommunication mar-
kets as telecommunications is in an ongoing innovative process since the liberalization
at the latest. However, static regulation better meets the situation in markets which are
much less dynamic in terms of technological and competitive changes.

Termination Rates:
Termination Rates or Termination Charges describe the wholesale price which one net-
work provider or service provider has to pay another for using the other’s network for
terminating a call or a service. As termination is a monopolistic "service" provided by
the termination-network operator, it is regulated both in fix-line and in mobile markets.
Moreover, termination rates also have to be paid if a call terminates in another country.
This termination rate is much higher and currently downward-adjusted since the inter-
national roaming decision in 2007 (in particular relevant with mobile roaming).

Transmission:
Transmission describes technically sending a signal from one point to another on the
lines or based on an air signal from the cell tower to a mobile (or fix-line) device.

UMTS:
Universal Mobile Telecommunication System (UMTS) is a mobile communication stan-
dard which allows for much higher transmission rates than its predecessor GSM. How-
ever, the technology is based on the GSM system and supports 2G services. Due to
higher transmission rates, UMTS (also called third generation mobile communication,
3G) enables the transmission of mobile "broadband" services and, thus, allows not only
for basic communication services like telephony and SMS but supports mobile internet
access. However, due to lower transmission rates it can only partially replace fix-line
broadband access.
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VoIP:
Voice over IP (VoIP) describes a telephony technology which is based on the internet
protocol. Thus, voice signals are transmitted via internet infrastructure based on a
package-based decomposition. As VoIP enables the transmission of all communication
approaches via one common network (based on the IP standard), it reduces transmission
costs as a whole. Due to a low acceptance rate, VoIP communication is introduced as a
parallel communication technology to the traditional communication infrastructure but
will replace standard telephony in the long run.

Web 2.0:
Web 2.0 describes a change in internet usage. While information provided on the inter-
net formerly stems from service and information companies and is "consumed" by users,
with Web 2.0 users provide information themselves based on communication platforms
and information platforms. Thus, the role of customers turns from a passive role to a
more active role what comprehensively increases internet traffic as a whole.
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A.1 Appendix to Chapter 2

A.1.1 Summary News and Companies

The following tables comprise an overview of the selected news (Table A.1) and the
companies under scrutiny (Table A.2). Relevant news are taken from the Cullen Inter-
national database whereas companies are taken from Thomson Financial Datastream
and were double-checked with regard to their main business subject and the regional
reach.
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Table A.1: Selected News
Date Event
02 Jan. 2000 Unbundling Regulation Scheme published in official journal

22 Mar. 2000 European Commission adopts Recommendation on "best practice" interconnection 
charges for 2000

30 May 2000 Judgement of the European Court of Justice on the Privatization of Public 
Enterprises and the use of Golden Shares

13 Jun. 2000 Directive on Local Loop Unbundling published

12 Jul. 2000 Commission adopts the Telecommunications Package

04 Oct. 2000 Telecommunications Council reaches Political Agreement on Unbundling 
Regulation

26 Oct. 2000 EP Plenary adopts Report on Unbundling of the Local Loop

06 Dec. 2000 Council adopts Unbundling Regulation

10 Jan. 2001 Commission Decision replacing Annex III of the Voice Telephony Directive

06 Apr. 2001 Access and Interconnection Directive

11 Jul. 2001 EP votes in the Lead Committee on the proposed Data Protection Directive

07 Dec. 2001 Council Political Agreement on the proposed Data Protection Directive

14 Feb. 2002 Final Adoption of the Telecom Package

25 Feb. 2002 European Commission phases out Recommendation on Call Termination Charges in 
Fix-Line Network

05 Jun. 2002 European Court of Justice Ruling on Golden Shares

27 Jun. 2002 Adoption of Data Protection Directive in Electronic Communications Sector

09 Jul. 2002 Commission publishes Guidelines on Market Analysis and the Assessment of 
Significant Market Power

30 Jul. 2002 Commission establishes European Regulators Group

23 Sep. 2002 Commission Directive on Competition in Electronic Communications Networks

09 May 2003 Council Conclusions on Lawful Interception and Mobile Pre-Paid Cards

14 May 2003 European Court of Justice rulings on the Golden Shares

27 Nov. 2003 IRG publishes Principles of Implementation and Best Practice on Mobile Call 
Termination Remedies

29 Mar. 2005 European Court of Justice ruling on Failure to transpose the 2003 Regulatory
Framework

01 Apr. 2005 European Commission Recommendation on Pricing of Leased Lines Part Circuits

27 Sep. 2005 European Commission Recommendation on Accounting Separation and Cost
Accounting

09 Feb. 2006 European Commission proposes new EU Regulation on International Roaming

13 Jul. 2006 European Commission Proposal for EU Regulation on International Roaming

26 Mar. 2007 European Parliament votes on Roaming get underway

07 Jun. 2007 Council gives Green Light to EU Roaming Regulation

18 Jul. 2008 Commission announces Plans to regulate SMS Roaming

24 Sep. 2008 Commission proposes to extend Roaming Regulation to cover SMS and Data
20 Nov. 2008 European Commission proposes to amend the GSM Directive

04 Jan. 2000 Commission Decision on the UK Request for a Deferment of the Implementation of 
Carrier Pre-Selection

21 Dec. 2000 Tariff Rebalancing: Commission sends Reasoned Opinion to Spain

24 Aug. 2001 Tariff Rebalancing: Commission sends Supplementary Reasoned Opinion to Spain

30 Apr. 2003 Commission approves 3G Mobile Network Sharing Agreement in the UK

16 Jul. 2003 Commission approves 3G Mobile Network Sharing Agreement in Germany

20 Jul. 2006 European Commission prohibits Public Funding of Broadband Project in the
Netherlands

Source: Information selected from the Cullen International Database
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Selected News (continued)
Date Event
18 May 2000 Commission publishes Vodafone Airtouch/Mannesmann Merger Decision

06 Sep. 2000 Commission clears Hutchison/NTT Docomo/KPN Mobile Joint Venture

21 Dec. 2001 Commission suspects Wanadoo (France) of Abusing its Dominant Position

27 Mar. 2002 Commission suspects KPN of Abusing its Dominant Position for the Termination of 
Calls on its Mobile Network

08 May 2002 Commission suspects Deutsche Telekom of Abusing its Dominant Position for 
Wholesale and Retail Local Loop Access

11 Jul. 2002 EC clears Merger between Telia and Sonera subject to conditions

06 Aug. 2002 Commission approves Break Up of Italian Mobile Operator BLU

22 Jan. 2003 Commission decides on State Aid for Mobilcom

05 Feb. 2003 European Commission asks the Netherlands to give up Golden Share in KPN

22 May 2003 Commission fines Deutsche Telekom for Charging Anti-Competitive Tariffs for 
Access to its Local Network

18 Dec. 2003 European Commission takes the Netherlands to Court on KPN Golden Share

19 Dec. 2003 Commission suspects Telia Sonera (Sweden) of having abused its Dominant 
Position in the Provision of High-Speed Internet Access

14 Jul. 2004 European Commission conditionally approves Restructuring Aid to Mobilcom

21 Jul. 2004 France Telecom ordered to pay back State Aid

27 Jul. 2004 International Roaming: Commission sends 'Statements of Objections' to O2 and 
Vodafone

27 Sep. 2004 European Commission clears Acquisition of Orange's Danish Mobile Telephony 
Business by Telia Sonera

14 Feb. 2005 International Roaming - European Commission sends 'Statements of Objections' to
T-Mobile and Vodafone in Germany

15 Nov. 2005 Commission opens In-Depth Investigation into Take-Over of Tele.Ring by T-Mobile
Austria

11 Jan. 2006 European Commission approves Acquisition of O2 by Telefonica subject to
Conditions

24 Feb. 2006 European Commission opens Abuse of Dominance Investigation against Telefonica

01 May 2006 European Commission and Austrian Regulator approve Acquisition of Tele.Ring by
T-Mobile subject to Conditions

05 May 2006 European Court of First Instance annuls Commission Decision on 3G National
Roaming between O2 and T-Mobile in Germany

05 Jan. 2007 European Commission Investigation into Funding of Amsterdam Fibre Network

02 Feb. 2007 Court of First Instance upholds Commission in Wanadoo Predation Case

06 Jul. 2007 European Commission fines Telefonica nearly €152m for Abuse of Dominant
Position ('Margin Squeeze')

23 Jul. 2007 European Commission approves Acquisition of Tele 2 France by SFR subject to
Conditions

Source: Information selected from the Cullen International Database
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Table A.2: Selected Companies
ID Company Name Fix-line Market Mobile Market Listing Date

1 Belgacom X X  22 Mar. 2004
2 BT Group X X < 01 Jan. 1999
3 Deutsche Telekom X X < 01 Jan. 1999
4 France Telecom X X < 01 Jan. 1999
5 Hellenic X X < 01 Jan. 1999
6 KPN Kon X X < 01 Jan. 1999
7 Portugal Telecom X X < 01 Jan. 1999
8 Swisscom X X < 01 Jan. 1999
9 TDC X X < 01 Jan. 1999

10 Telecom Italia X X < 01 Jan. 1999
11 Telefonica X X < 01 Jan. 1999
12 Telekom Austria X X  21 Nov. 2000
13 Telenor X X  05 Dec. 2000
14 Telia Sonera X X  14 Jun. 2000
15 Vodafone X X < 01 Jan. 1999
16 3U Holding X  24 Nov. 1999
17 Acotel X X  09 Aug. 2000
18 Adept X  25 May 2006
19 Thus Group X X  05 Jan. 2004
20 Alternative Networks X X  17 Feb. 2005
21 Amitelo X  12 Nov. 2005
22 BNS Telecom X X  24 Nov. 2005
23 Buongiorno X  11 Oct. 2000
24 Cable & Wireless X < 01 Jan. 1999
25 Canisp X  15 Oct. 2003
26 Colt Telecom X < 01 Jan. 1999
27 Completel X  16 Sep. 2002
28 Convisual X  13 Jan. 2006
29 Drillisch X X < 01 Jan. 1999
30 Ecotel X X  29 Mar. 2006
31 Elisa X X  02 Jul. 1999
32 Eutelia X  19 Apr. 2000
33 Tele 2 F X X < 01 Jan. 1999
34 Fastweb X  27 Mar. 2000
35 Freedom4 X  02 Sep. 2004
36 Getmobile X  26 Apr. 2006
37 Teleunit X  26 May 2004
38 Inmarsat X X  20 Jun. 2005
39 Jazztel X  20 Dec. 2000
40 Kcom X  14 Jul. 2000
41 Keyyo X < 01 Jan. 1999
42 KPN Qwest X  09 Nov. 1999
43 Lannet X X  01 Jun. 2004
44 Messaging X X  25 May 2006
45 Millicom X < 01 Jan. 1999
46 Mobile Streams X  25 May 2006
47 Mobile Tornado X X  25 May 2006
48 Mobistar X < 01 Jan. 1999
49 Mobyson X < 01 Jan. 1999
50 Netmobile X  13 Jul 2005
51 Normaction X  28 Jul. 2005
52 PNC Telecom X < 01 Jan. 1999
53 Retelit X  03 Aug. 2000
54 Satcom X  15 Jul. 2005
55 Sonaecon X X  02 Jun. 2000
56 Spiritel X X  11 Mar. 2004
57 Tele 2 SE X X < 01 Jan. 1999

Source: Information taken from the Thomson Financial Database
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A.1.2 Summary Statistics and Tests of Pre-Estimations

Table A.3: Summary Statistics and Test Results of the Iterative Estimation Process
(Incumbents)

Incumbents

Mean 
(Std. Dev.)

Minimum
(Share Min.)

Maximum
(Share Max.)

Mean 
(Std. Dev.)

Minimum
(Share Min.)

Maximum
(Share Max.)

AR
lag ar 4.414 2 6 4.675 2 7

(1.018) (0.020) (0.197) (1.300) (0.018) (0.130)

Chi_sq (df) 80.0 (5.414) 17.4 248.1 80.0 (5.675) 19.0 245.5
(37.2) (36.4)

log likelihood 44.1 -176.9 157.5 44.2 -176.3 156.5
(46.7) (46.5)

(G)ARCH
lag error_sq (=p) 1.778 0 8 1.791 0 8

(1.985) (0.374) (0.007) (1.963) (0.363) (0.005)

lag sigma_sq (=q) 1.534 1 6 1.562 1 8
(1.241) (0.781) (0.042) (1.376) (0.780) (0.014)

Chi_sq (df) 0.824 (1.279) 0.000 103.4 0.965 (1.496) 0.000 37.5
(4.367) (3.215)

log likelihood 49.5 -169.0 163.8 49.0 -168.4 162.0
(45.2) (45.5)

Technology Index Telecom Index

Note: lag sigma_sq = 0 corresponds to an ARCH process, whereas lag sigma_sq > 0
represents a GARCH process.
lag error_sq = 0 and lag sigma_sq = 0 corresponds to the standard assumption of the usual
model.
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Table A.4: Summary Statistics and Test Results of the Iterative Estimation Process
(Entrants)

Entrants

Mean 
(Std. Dev.)

Minimum
(Share Min.)

Maximum
(Share Max.)

Mean 
(Std. Dev.)

Minimum
(Share Min.)

Maximum
(Share Max.)

AR
lag ar 3.531 0 6 3.833 0 7

(1.852) (0.084) (0.191) (2.081) (0.072) (0.134)

Chi_sq (df) 74.9 0.000 1553.6 76.7 0.000 1561.1
(91.3) (90.9)

log likelihood 42.4 -347.6 830.1 44.3 -339.8 890.4
(243.2) (246.9)

(G)ARCH
lag error_sq (=p) 1.999 0 8 2.252 0 8

(2.230) (0.348) (0.023) (2.354) (0.328) (0.018)

lag sigma_sq (=q) 2.208 1 6 2.397 1 8
(1.835) (0.625) (0.123) (2.194) (0.620) (0.057)

Chi_sq (df) 54635 (2.204) 0.000 7.16 exp(07) 463.1 (2.088) 0.000 617316
(1974468) (15869)

log likelihood 54.5 -296.2 1191.8 62.4 -293.8 1289.4
(252.7) (259.9)

Technology Index Telecom Index

Note: lag sigma_sq = 0 corresponds to an ARCH process, whereas lag sigma_sq > 0
represents a GARCH process.
lag error_sq = 0 and lag sigma_sq = 0 corresponds to the standard assumption of the usual
model.
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A.1.3 Additional Estimation Results

Table A.5: Estimation Results Cross-Market Estimations

fix-line 0.0004 -0.0005 -0.0012 0.0003 -0.0008 -0.0022
( 0.0005 ) (0.0018 ) ( 0.0030 ) ( 0.0005 ) (0.0018 ) ( 0.0023 )

mobile 0.0001 0.0022 0.0017 0.0000 0.0020 0.0011
( 0.0006 ) ( 0.0021 ) ( 0.0036 ) ( 0.0001 ) ( 0.0021 ) ( 0.0036 )

# fix-line countries 0.0000 0.0002 0.0002 0.0000 0.0003 0.0002
( 0.0001 ) ( 0.0004 ) ( 0.0007 ) ( 0.0001 ) ( 0.0004 ) ( 0.0007 )

# mobile countries -0.0001 0.0002 -0.0006 -0.0001 0.0003 -0.0006
( 0.0001 ) ( 0.0004 ) ( 0.0008 ) ( 0.0001 ) ( 0.0004 ) ( 0.0008 )

incumbent 0.0002 0.0010 0.0022 0.0002 0.0013 0.0027
( 0.0005 ) ( 0.0016 ) ( 0.0028 ) ( 0.0005 ) ( 0.0016 ) ( 0.0028 )

foreign fix-line 0.0004 0.0004 -0.0015 0.0006 0.0004 -0.0016
( 0.0008 ) ( 0.0030 ) ( 0.0051 ) ( 0.0008 ) ( 0.0031 ) ( 0.0052 )

foreign mobile 0.0004 0.0004 0.0071 0.0004 -0.0004 0.0055
( 0.0009 ) ( 0.0033 ) ( 0.0057 ) ( 0.0001 ) ( 0.0033 ) ( 0.0057 )

constant -0.0005 -0.0041 -0.0022 -0.0005 -0.0044 -0.0021
( 0.0008 ) ( 0.0027 ) ( 0.0045 ) ( 0.0008 ) ( 0.0027 ) ( 0.0045 )

# Observations

F-Test (df)

R2

fix-line 0.0000 0.0003 0.0007 0.0000 0.0003 0.0007
( 0.0001 ) ( 0.0005 ) ( 0.0010 ) ( 0.0001 ) ( 0.0005 ) ( 0.0001 )

mobile 0.0000 0.0002 0.0007 0.0001 0.0008 0.0020 *
( 0.0001 ) ( 0.0005 ) ( 0.0011 ) (0.0001 ) ( 0.0005 ) ( 0.0010 )

# fix-line countries 0.0001 *** 0.0004 *** 0.0008 *** 0.0001 *** 0.0004 *** 0.0008 ***
( 0.0000 ) ( 0.0001 ) ( 0.0002 ) ( 0.0000 ) ( 0.0001 ) ( 0.0002 )

# mobile countries -0.0000 0.0000 0.0001 0.0000 0.0001 0.0003
( 0.0000 ) (0.0001 ) ( 0.0002 ) ( 0.0001 ) ( 0.0001 ) ( 0.0002 )

incumbent -0.0006 *** -0.0035 *** -0.0070 *** 0.0000 -0.0035 *** -0.0072 ***
( 0.0001 ) ( 0.0004 ) ( 0.0008 ) ( 0.0000 ) ( 0.0004 ) ( 0.0008 )

foreign fix-line 0.0003 ** 0.0016 ** 0.0031 ** -0.0006 *** 0.0020 *** 0.0038 **
( 0.0001 ) (0.0008 ) ( 0.0015 ) ( 0.0001 ) ( 0.0001 ) ( 0.0015 )

foreign mobile -0.0004 *** -0.0024 *** -0.0050 *** -0.0005 *** -0.0028 -0.0061 ***
( 0.0001 ) ( 0.0008 ) ( 0.0015 ) ( 0.0001 ) ( 0.0007 ) ( 0.0015 )

constant 0.0010 *** 0.0054 *** 0.0104 *** 0.0009 *** 0.0048 *** 0.0094 ***
( 0.0001 ) ( 0.0001 ) ( 0.0013 ) ( 0.0001 ) ( 0.0006 ) ( 0.0012 )

# Observations

F-Test (df)

R2

Technology Index
CAR (11)CAR (3) CAR (7) CAR (11) CAR (3)

Telecom Index

CAV (7)

0.25 (7) 0.54 (7)

0.0011 0.0026 0.0023

16.65 (7) 15.71 (7) 16.39 (7)

0.24 (7) 0.43 (7) 0.40 (7)

CAV (3) CAV (7) CAV (11) CAV (3)

1177 1177 1177 1182 1182 1182

CAR (7)

CAV (11)

0.38 (7)

0.0813 0.0804 0.0840 0.0850

16.53 (7)

1177 1180 1180 1180

0.0720 0.0784

0.0012 0.0033 0.0023

15.41 (7)

1177 1177

16.12 (7)

Note: ∗∗∗, ∗∗, ∗ represent significance at the 1, 5 and 10 percent significance level, standard
errors are displayed in brackets.
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Table A.6: Estimation Results of Particular Market Events

fix-line -0.0024 -0.0005 -0.0284 ** -0.0026 -0.0087 -0.0022 **
(0.0020 ) ( 0.0012 ) ( 0.0139 ) ( 0.0020 ) (0.0077 ) ( 0.0140 )

mobile . . . . . .

incumbent -0.0009 -0.0033 *** -0.0073 -0.0009 -0.0030 -0.0049
( 0.0008 ) ( 0.0006 ) ( 0.0047 ) ( 0.0008 ) ( 0.0027 ) ( 0.0046 )

foreign fix-line 0.0012 0.0016 -0.0098 0.0016 -0.0011 -0.0099
( 0.0014 ) ( 0.0014 ) ( 0.0102 ) ( 0.0015 ) ( 0.0060 ) ( 0.0100 )

foreign mobile -0.0019 -0.0009 -0.0120 -0.0017 -0.0037 -0.0082
( 0.0016 ) ( 0.0013 ) ( 0.0149 ) ( 0.0015 ) ( 0.0067 ) ( 0.0131 )

constant 0.0014 0.0071 *** 0.0101 0.0021 0.0063 0.0293 **
( 0.0010 ) ( 0.0016 ) ( 0.0070 ) ( 0.0023 ) ( 0.0082 ) ( 0.0147 )

# Observations

F-Test (df)

R2

fix-line -0.0002 -0.0007 -0.0006 -0.0002 -0.0005 -0.0003
( 0.0002 ) ( 0.0013 ) ( 0.0025 ) ( 0.0002 ) ( 0.0012 ) ( 0.0024 )

mobile . . . . . .

incumbent -0.0006 *** -0.0032 *** -0.0065 *** -0.0006 *** -0.0033 *** -0.0068 ***
( 0.0001 ) ( 0.0006 ) ( 0.0011 ) ( 0.0001 ) ( 0.0006 ) ( 0.0011 )

foreign fix-line 0.0001 0.0005 0.0014 0.0003 0.0016 0.0038
( 0.0002 ) ( 0.0012 ) ( 0.0023 ) ( 0.0003 ) ( 0.0014 ) ( 0.0029 )

foreign mobile 0.0002 0.0007 0.0020 -0.0001 -0.0009 -0.0017
( 0.0003 ) ( 0.0016 ) ( 0.0034 ) ( 0.0003 ) ( 0.0013 ) ( 0.0025 )

constant 0.0009 *** 0.0052 *** 0.0105 *** 0.0014 *** 0.0071 *** 0.0140 ***
( 0.0001 ) ( 0.0007 ) ( 0.0014 ) ( 0.0003 ) ( 0.0016 ) ( 0.0032 )

# Observations

F-Test (df)

R2

CAV (3) CAV (7)

Technology Index Telecom Index

386 386 386 393 393

CAV (11)

CAR (3) CAR (7) CAR (11) CAR (3) CAR (7) CAR (11)

1.40 (8)

393

386 386 386 391 391

CAV (11)CAV (3)

5.48 (8)

391

CAV (7)

5.17 (8)

1.17 (8) 1.13 (8) 1.41 (8) 0.82 (8) 0.89 (8)

0.0181 0.0272 0.0171 0.0146 0.0285

0.0556

4.52 (8) 5.35 (8) 5.60 (8) 4.32 (8)

country dummies included

country dummies included

0.0640 0.0686 0.0546 0.0671 0.0744

0.0203

Note: ∗∗∗, ∗∗, ∗ represent significance at the 1, 5 and 10 percent significance level, standard
errors are displayed in brackets.
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Appendix

A.2 Appendix to Chapter 3

A.2.1 Market Access and Privatization

Figure A.1: Steps to Competition on EU-15 Telecommunication Markets

20021990

EU-Guidelines

Country-Level
Implementation of 
Liberalization in 
Infrastructure/ Total 
Voice Telephony

1st Step to Privatization
of the Former 
Monopolists

Terminal-
Equipment
Directive
(88/301/EC)

1988

ONP Directive
(90/387/EEC)
Service 
Directive
(90/388/EEC)

Satellite/ 
Cable
Directive
(93/83/EEC)

Mobile Directive
(96/2/EC)
Competition
Directive
(96/19/EC)

1993 1996

Authorization Directive
(02/20/EC)

Access Directive
(02/19/EC)
Framework Directive
(02/21/EC)
Universal Service Directive
(02/22/EC)

Directive on Competition
i.T‘markets for Electr. 
Comm‘s and Services 
(02/77/EC)

Directive on Privacy and 
Electronic Communications 
(02/58/EC)

1982

UK

1995 1998

Belgium
Germany 
France      
Italy
Luxemburg 
Denmark
Ireland
Spain 
Austria
Switzerland

UK Finland Netherlands
Portugal

Greece

Germany
Italy

Austria

France
Sweden Spain

Ireland FinlandPortugalSwitzerland Luxembourg
Greece

Denmark

The figure above shows the introduction of the EU Telecommunication Directives. The
most important directive was the 1996 Competition Directive which opened both infras-
tructure and voice transmission markets for competition.
The second line shows the entrance of the first competitor on fix-line telecommunication
markets. In most countries, new firms were allowed to enter the markets by the imple-
mentation of the EU Competition Directive in national law in 1998.
The last line shows the year when governmental ownership over the former monopolists
have been reduced for the first time. As could easily be seen, liberalization always oc-
curred after privatization in the countries under scrutiny.
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A.2.2 Infrastructure Competition and Investments –
a Comparison of Performance

Two main reasons exist why one observes European telecommunication markets in alter-
native stages of competition in different countries: 1) National member states have been
at a different competition status when the liberalization of European telecommunications
markets was implemented and 2) member states are obliged to adopt the EC directives
taking into account national distinctions. Due to these different starting points, the
EC has a strong interest in aligning the status of national markets for preparing the
integration to one European market. As national governments do not only pursue the
European integration policy but follow own national or also individual interests, their
actions affect the transposition process and also the national stage of competition.

Figure A.2 displays the relation of DSL- and cable-based broadband access over time
(Figure 6.3(a)) and unbundled access lines in relation to the total access lines available
for fix-line telecommunication networks (Figure 6.3(b)) over time. The first graph shows
a strong bulge for Germany and also for France, whereas the relation in smaller coun-
tries is much more balanced, in particular for the Netherlands. Following Cave (2009), a
reason for the difference between facility-based competition in larger and smaller coun-
tries comes from the availability of cable access. For example, in Germany, cable has
been available only in cities and there is still no tendency of cable providers to roll-out
networks. Moreover, the German telecommunication incumbent held stakes in regional
cable companies until 2003, which might have delayed cable as a medium for internet
access as argued by the EC in multiple Implementation Reports. In France, a similar
situation is observable, where cable networks are also concentrated in major agglom-
erations. Following the 2002 Implementation Report, after 2001, investments slowed
down in France as the Conseil de la Concurrence, the French competition authority,
forced the incumbent to give access to its local loop infrastructure. However, municipal
administrations in less densely populated areas arranged with the telecommunication
incumbent to join investments based on bilateral agreements. Such new forms of financ-
ing DSL roll-out led to an ongoing increase of the gap between DSL and cable usage for
broadband access.
Due to the overall availability of low-speed telecommunication networks, a first-mover
advantage of DSL infrastructure over cable infrastructure exists, as investment costs
are lower for installing adequate transmission technology than for rolling out a new in-
frastructure. Exceptions are the Netherlands and also the UK where cable is nearly as
widely spread as telecommunication infrastructure.

While the last-mile physical infrastructure is commonly agreed to be a monopolistic
bottleneck (see e.g. Bauer, 2007, or Knieps, 2007), the access to frequency bands on this
infrastructure is particularly relevant for the take-up of local loop competition. Cave’s
ladder-of-investment model (Cave, 2006a) shows that new competitors enter a market,
firstly, getting access to an incumbent’s infrastructure by renting or leasing access ca-
pacity and, subsequently, building out own infrastructure. Thus, following Cave (2009),
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it is important to focus wholesale regulation on a few access elements, and to increase
the attractiveness for potential competitors to enter the local market. If they are able
to gain sufficient market shares subsequent physical infrastructure investments by new
entrants will follow. In a next step, it is therefore necessary to consider how local loop
unbundling has been introduced and guaranteed in EU member states.
In its Regulation No. 2887/2000, the EC provides a detailed description about how local
loop unbundling should be implemented on the national level, gives detailed information
about the elements included at the minimum and provides the date by which infrastruc-
ture owners are obliged to provide an offer to competitors, which is 31 December 2000.2
Figure 6.3(b) shows the local loop unbundling development expressed as the share of
unbundled local loops per fix-line access paths. Although local loop unbundling should
be implemented to local loops at the earliest point in time when it is feasible, since 2000,
local loop unbundling is available only to about one fifth to one fourth of all lines in
2007. As local loop unbundling is the key requirement for providing competitive services
to customers, the EC suspects many former monopolists trying to delay the access for
new entrants.

A.2.3 Local Loop Competition - Comparison across EU Member
States

Comparing the individual country developments with regard to market opening, the UK
is found to be the first country with actual local loop unbundling rules in place already
in 1997. However, OFTEL, the UK NRA, decided not to require access to raw copper
lines as it suspected competitors delaying the roll-out of own infrastructure otherwise.
In line with competition stimulation, the UK NRA required new entrants first to ne-
gotiate access prices to collocation points. Only if negotiations failed the NRA would
intervene. With regard to services on the lines, the NRA tied the vertically integrated
incumbent to allow ADSL provision only if, simultaneously, an adequate wholesale prod-
uct is available. While the UK market was lagging far behind other countries in terms
of competition, after around 2005 a strong catching-up of the local loop unbundling
market took place, as the incumbent functionally separated its service units from the
infrastructure units. Due to the separation, OFCOM, the successor of OFTEL, decided
to relax wholesale line rental regulation as it expected the market to be in a state of
competition.
Local loop unbundling has been implemented stepwise in Germany since 1998 based
on fully unbundled raw copper, whereas shared access and also sub-loop unbundling
(a particular necessity with the fiber-based Opal technology in Eastern Germany) was
denied. Concerning interconnection, the EC suspected the German incumbent system-
atically to delay the availability of a sufficient number of collocation points. Deutsche
Telekom offered ADSL services since mid-1999 and competitors were allowed to resale
ADSL products from the same point in time.

2http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2000:336:0004:0008:EN:
PDF
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In France, the incumbent has offered retail ADSL services since November 1999. How-
ever, wholesale offers were not available until an intervention by the French competition
authority in 2001, when the incumbent was obliged to unbundle its local loop for full
and shared access. Competitors complained about the comprehensive first-mover ad-
vantage of the incumbent, in particular, as ADSL was blocked by the incumbent even
after the decision. Nevertheless, the courageous intervention by the competition author-
ity resulted in a strong increase in unbundled access lines which is even stronger than
in other countries and led to the second highest rate of unbundled lines in the EU-15
(behind Finland).3
While local loop unbundling was implemented in the Netherlands in June 2000, about
90 percent of the unbundled lines were provided to a subsidiary of the incumbent. More-
over, until 2001, competitors claimed that the way of providing collocation points cir-
cumvented last mile competition as, firstly, too few collocation facilities were offered
in major agglomerations and, secondly, the incumbent gave no information about the
availability and characteristics of collocation facilities in advance. In consequence, the
incumbent and its subsidiary gained a comprehensive first-mover advantage over their
ADSL competitors. However, entrants can also use cable providers’ infrastructure to get
access to customers, but this infrastructure is not covered by the telecommunications
regulatory framework.
The Swedish incumbent opened its local loop voluntarily by offering local loop access
and collocation facilities without national regulatory interventions in March 2000. Thus,
competitors were able to negotiate full local loop access or shared access based on bilat-
eral contracts with Telia. However, Telia refrained from providing sub-loop access. Since
September 2001, Telia offers a wholesale ADSL product bundle for resale. Following the
EC, still too few competition existed in 2001 as the prices claimed by the incumbent
were too high both for local loop access and also for the wholesale ADSL offer. As
a high market concentration still existed in 2004, PTS, the Swedish NRA, intervened
ordering Telia to provide access to the local loop under non-discriminatory conditions
to all demanding companies.

3Ranking of the five countries considered here in 2007 (2003 (due to missing information for many
countries in 2002)): France: 2 (6), Germany: 3 (2), UK: 5 (14), Netherlands: 6 (5), Sweden: 7 (7).
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Figure A.2: Fix-line Access Competition
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A.2 Appendix to Chapter 3

Regulation and Competition – the "Better" Regulatory Package?

In 2006, the EC started the revision of the Second Regulatory Package based on the
second round of market reviews and published its first proposal for adjustments in 2007
for consultations with interested groups. The second proposal was provided in November
2009, turned effective in December 2009 with its publication in the Official Journal of
the EU and has to be implemented to national laws by June 2011. The new guidelines
mainly rely on the 2002/2003 framework but extend it with a stronger concentration
on European-wide integration of telecommunication markets. Therefore, cross-national
harmonization of regulation is even more an issue than in the predecessor package.
In this section, I extend the introductory discussion of Section 5 by providing more in-
sights into the issues raised there and continue the consideration to the context of other
issues which are not necessarily the central point of consideration of this paper.
The new regulatory package demands transmission service providers to install measures
for a minimum level of infrastructure quality for internet services based on existing
transmission infrastructure equipment. With regard to consumer rights, the regulatory
package requires net neutrality in the sense that higher-quality services must not deter
the quality of other services. In line with this issue, consumers have to be informed
about the available infrastructure capacity and the "nature of the service to which they
are subscribing".4 In consequence, consumers have to be informed about traffic man-
agement systems and any other limitations which also includes the available (not the
maximum) transmission speed.
Besides these changes in contents, attention is given to particular issues which left room
for discussions and resulted in comprehensive workload for national courts under the Sec-
ond Regulatory Framework. The revised rules extend single paragraphs of the 2002/2003
articles in more detail and, thus, reduce the decision space of national governments and
regulators. In the following, I consider issues which have been discussed in line with the
Second Regulatory Package concerning infrastructure investments and access competi-
tion and which change in the new package.

Regulation and the Regulator

Even before the liberalization, NRAs and the EC have cultivated strong interrelation-
ships to exchange information on current issues with the regulatory implementation on
the national level. In line with the the Second Regulatory Package, the EC installed
the European Regulators Group (ERG), comprising the heads of the (currently) 27 EU
NRAs. This body should exchange information on national market developments and
consult the EC with the introduction of new regulatory rules. In contrast to the EC’s
aim of a common regulatory body, the ERG argues for regulatory sovereignty of national
regulators to guarantee the proximity to markets. Thus, the ERG constitutes a coun-
terbalance to the top-down regulation approach fostered by the EC.5

4http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/09/491&format=
HTML&aged=0&language=EN&guiLanguage=en

5Please see also Chapter 2.
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The EC criticizes the role of the ERG as being too weak in the sense that it cannot
enforce a consistent application of regulatory rules across all EU member states. More-
over, the EC argues that the magnitude of various national approaches hamper market
integration.6 Due to the strong national sovereignty of regulators and their integral role
in national bureaucratic systems, the EC suspects the ERG not to fulfil its aims of suf-
ficiently consulting the process of pan-European regulation. In 2007, the EC therefore
proposed mainly three options to replace the ERG under the new European regulatory
system.7 The most comprehensive option was the installation of the Single European
Regulatory Authority (SERA) as an EU-wide regulator to replace national institutions
which has comprehensive decision powers for both national market interventions and also
cross-border interventions. A second option was a European regulator with increased
decision powers for national implementations of new regulatory rules. However, the role
of national regulators would be reduced only weakly. The last option required a better
co-ordination of NRAs in the existing framework of the ERG. Due to losing sovereign-
ties in the telecommunication sector, national governments refused all three options.
A compromising solution brought forward by the European Parliament in 2009 is the
establishment of the BEREC (Body of European Regulators of Electronic Communica-
tion).8 The BEREC is equipped with more complex regulatory powers than the ERG.
In particular, it has veto powers which are similar to the EC to overturn NRA decisions
if it suspects national decisions to favor companies with SMP.9 While the ERG was a
reporting and consulting unit to the EC, the BEREC takes over a supervisory role for
NRAs. Although it cannot directly intervene to stop governmental activities restricting
NRA decisions, the BEREC has the powers to intervene a posteriori.
However, concerns are raised in two directions on the role of the BEREC: Firstly, while
more comprehensive decision powers are given to this new regulatory body in comparison
to its predecessor, it is unclear whether existing habits will be changed as its members
are those of the ERG and as these members still underly the bureaucratic regimes in
their home countries. As the BEREC, i.e. the heads of NRAs, should control their own
national regulatory bodies, it is unclear how members will implement this ambiguous
task.
Secondly, following the argumentation of the German Monopolies Commission (2009),
the installation of the BEREC results in a Co-Regulation Regime which even enhances
the existing complexity of regulation as the BEREC has to agree on new national regula-
tory measures. Thus, while the primary intention with the BEREC was the installation
of a more powerful regulatory body to accelerate the pan-European integration process,
the decision process on the BEREC has mitigated its powers and makes the regulatory
process even more complex and, thus, more in-transparent.

6http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2007:0699:FIN:EN:PDF, p. 2
7http://ec.europa.eu/information_society/policy/ecomm/doc/library/proposals/ia_en.
pdf, p. 72ff

8http://register.consilium.europa.eu/pdf/en/09/st03/st03675-re01.en09.pdf
9A more detailed description of the BEREC implementation process is provided in Broos et al. (2009).
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Market Integration and Fragmentation

Based on the situation before the liberalization with one monopolist providing country-
wide telecommunication services, governments chose also a common country-wide regu-
lation approach. However, since the liberalization, different developments across alter-
native sub-national markets in all EU member states can be observed, as new entrants
focussed on specific regions where they started to provide infrastructure and services.
Due to the different status of regions both with regard to technological deployment and
with regard to competition, governments and operators chose alternative sub-national
strategies to provide infrastructure access. Therefore, the new Regulatory Package also
proposes a sub-national market regulation approach as access costs differ across regions,
in particular in countries with lower population concentration. Several countries, such
as the UK or Austria, already employ sub-national measures to (de)regulate bitstream
markets (based on a three-markets classification).
Before regulation could be implemented on a sub-national level, transparent rules had
to be established which enable a sub-national market definition and which provide a
classification of sub-national competition performance. These rules must be defined on
the European level as the Third Regulatory Package proposes sub-national market def-
initions as a preparation for the pan-European integration. The UK chose sub-national
regulation on the level of MDFs as competitors enter regional markets on this level.
Following von Weizsäcker (2008), the results of alternative tests for market definitions
such as the SSNIP test or the question of collective market dominance support this level
of market definition.
An issue raised in sub-national regulation debates is inter-regional subsidization. Follow-
ing the opponents of sub-national market separations, infrastructure providers use higher
profits from urban areas for cross-funding investments in less competitive regions. By
separating markets on a sub-national level, competition in more densely-populated areas
increases as offers will even better meet customers’ characteristics, which reduces profits
for cross-funding (Heald, 1997). To overcome this challenge, Knieps (2007) proposes the
installation of a universal service fund. Taxes on prices in more densely populated areas
are used to cross-fund investments in less lucrative markets where investment projects
are auctioned.
In a nutshell, the pan-European integration process requires a complex preparation in
advance and cannot be implemented in a one-step approach. As discussed in this subsec-
tion, sub-national market separation could accelerate the integration process. As urban
areas are much more competitive than rural areas and, thus, could be used to refund in-
vestments also in less lucrative regions, it remains to be seen how the integration process
is affected by the stage of competition in alternative member states and how national
sovereignty affects the process of market definition.
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Functional Separation

Functional separation (or operational separation) has been discussed already in line with
the Second Regulatory Package (Section 3.3.2). The European Parliament proposes the
functional separation of the network unit from the retail and service unit. In contrast
to full (ownership) unbundling and legal unbundling, functional separation only requires
the separation of units while the vertical organizational structure of a company remains
in place. Thus, functional separation should guarantee a non-discriminatory infrastruc-
ture access for the integrated company’s service unit and for competitors’ demanding
access (Cave, 2006b; ERG, 2007). Following Article 13a of Directive 2009/140/EC10,
functional separation complements NRAs’ set of instruments and should be implemented
if other measures to install competition fail.
However, the EC provides no final definition of functional (i.e. operational) separation
and, thus, also provides no information about how to enforce and monitor functional
separation and the separated provider. With (perfect) functional separation, the service
unit of a vertically integrated operator competes with other operators on the service mar-
ket, whereas the network operator provides the essential upstream input but does not
discriminate between the own unit and competitors either in terms of access prices or in
terms of access conditions (Vickers, 1995). Nevertheless, the infrastructure provider has
an incentive to affect service competition if this benefits its own unit. With functional
separation and even with legal unbundling, a stricter type of separation, a regulator
can only partially monitor and intervene on the behavior of the infrastructure operator.
While price discrimination could be monitored and enforced under legal unbundling (not
under functional separation) (Höffler and Kranz, 2007a; Cremer et al., 2007), non-price
discrimination still remains an option for the infrastructure operator (Höffler and Kranz,
2007b; Nikogosian and Veith, 2010).
Following the Special Opinion of the German Monopolies Commission (2009), func-
tional separation could be a valuable instrument at most shortly after the liberalization
to foster competition and, therefore, is expectedly no option for governments and NRAs
today. Analyses of the Dutch and the Swedish NRAs come to the same result for their
national markets after the introduction of functional separation in the UK and in Den-
mark before 2007. In consequence, functional separation would be an option which
affects competition and infrastructure investments if NRAs could monitor and enforce
its strict implementation. However, following the examples in various countries and the
discussion in the literature, it will not be employed given the current stage of competi-
tion, at least in EU-15 telecommunication markets.

The new regulatory framework further promotes the process of pan-European integra-
tion by increasing decision powers of pan-European institutions and also by increasing
the independence of NRAs on the national level. The installation of the BEREC as
a pan-European regulatory body fosters the integration process. However, due to the
executive members of the board and their elections by national governments, the impact
of this new European regulatory body on the integration process has to be considered
with caution.
10Directive 2002/21/EC replaces the former Framework Directive (2002/21/EC).
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With regard to the acceleration of the integration process, the EC has proposed to switch
from the existing national regulation pattern to sub-national regulation. In doing so,
regulation could be reduced or abolished in regions where markets turn to a competitive
stage, whereas regulation could be fostered in less competitive markets. Such an ap-
proach bears some challenges in advance in particular for larger countries with a lower
population concentration. However, from an economic perspective, it enables providers
in sub-national markets with higher concentration to negotiate access without further
legal obligations, whereas regulators can concentrate on less-competitive markets.
To sum up, the Third Regulatory Package takes up major problems in line with its
predecessor. While some pitfalls continue to exist, this new framework enables a further
key step to competition and efficiency and, in particular, to the pan-European market
integration.

A.2.4 Data and Information Collection

Data and information for the analysis are collected from multiple sources:

� Data on public ownership (Figure 3.1) is taken from the OECD Regulatory Index.

� Information on local loop competition and facility-based competition (Figure A.2)
is provided in the OECD Communications Outlook 2009.

� The EC Implementation Reports provide an overview of national regulation as
well as the implementation of EU guidelines and the progress of adoption of the
EU Regulatory Packages to national laws. Information on national lawmaking in
line with the pan-European steps to market integration (Table 3.1) is taken from
the yearly Implementation Reports since 1997.

� State aid information is collected from the newspaper retrieving system LexisNexis,
which provides information based on a keyword search.
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Stationarity and Specification Tests

The graphs in Figure 4.1 let assume non-stationarity of the demand variables and the in-
vestment variables. It is therefore necessary to test for non-stationarity of the dependent
variables to select an estimation specification which takes up the potential challenge or
to adjust the data set. I have employed a panel Dickey Fuller Test, the Multivariate
Augmented-Dickey-Fuller Test (MADF test), as described in Taylor and Sarno (1998)
and in Sarno and Taylor (1998) and the Levin-Lin (-Chu) test presented in Levin et
al. (2002) for considering non-stationarity of the panel as a whole. The MADF test
provides evidence for stationarity of all four time series, investments in fix-line infras-
tructure, investments in mobile infrastructure and demand for fix-line infrastructure and
mobile infrastructure. However, following Sarno and Taylor (1998), the MADF test re-
quires all individual time series of the panel to be stationary. Moreover, the MADF test
is criticized as it provides adequate test results only for a long panel data set, i.e. the
number of periods should comprehensively exceed the number of countries. In contrast,
my data set is a short panel as the number of years (t = 18) does not comprehensively
exceed the number of countries (i = 16). Therefore, I have also employed the Levin-Lin
test to compare the results with those of the MADF test but find similar results.11 As
both test specifications reject the null hypothesis of no stationarity, I use the data set
without further adjustments for the multivariate time-series estimations.
The Arellano-Bond approach performs a linear dynamic panel-data estimation of the
difference in the dependent variable on the differences and the levels of the independent
and the lagged dependent variables. Following Arellano and Bond (1991) and Blundell
and Bond (1998), it is thus necessary that no higher order correlations exist in the panel
data set. The Arellano-Bond test for first- and second-order serial correlation in first-
difference residuals are displayed in Tables 4.3 and 4.4.12 While the first-order tests show
ambiguous results, the second-order test results provide evidence that the hypotheses
of no higher-order first-difference autocorrelation cannot be rejected. The test of the
fix-line specifications rejects the hypothesis of no first-order autocorrelation in contrast
to the test of the mobile specifications. While the second-order test of no autocorrelation
must not be rejected due to the linearity requirement for the estimation specification,
Arellano and Bond (1991) explain that the first-order test results are of minor relevance
for employing the dynamic panel-data estimator.
Time-series estimations are prone to the consideration of over-identification in particu-
lar if an autocorrelated estimation structure is assumed. I employ Hansen’s J test for
system estimations and find evidence for over-identification in the fix-line infrastructure
estimation approach but not in the mobile-infrastructure estimation approach when an-
alyzing cross-infrastructure effects. Over-identification of an endogenous variable means

11While the fix-line infrastructure demand has been found to be non-stationary, the logarithm, which
I employ in the econometric analysis, is stationary at the ten percent significance level.

12Greece has been excluded from the mobile demand estimations due to strong volatility in the depen-
dent variable.
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that its coefficient has no explanatory power as multiple (here two) ways for calculation
exist which might lead to alternative values for the instrumented variable. Following
Wooldridge (2002) the coefficient of the instrumented variable cannot be interpreted.
However, the coefficient product of the instrument and the instrumented variable does
not suffer from the reduced-form coefficient calculation. Thus, while direct effects of the
instrumented variable cannot be used, indirect effects are unbiased.

Price-Demand Interrelation

Figure A.3 displays the price-demand interrelation for fix-line and for mobile markets in
2007. While mobile access follows the expected downward slope across the states under
scrutiny, a positive interrelation is found for fix-line markets. However, in contrast to
the mobile situation, the linear demand-curve of the fix-line graph only weakly explains
the price-demand scatter across the countries.
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Figure A.3: Price-Demand Relationship in Fix-line and Mobile Markets
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A.4 Appendix to Chapter 5

A.4.1 The Indirect Investment Effect

The own investment effect and the investment externality are the investment effects usu-
ally analyzed in the literature. For example Vareda (2007) compares quality-increasing
and cost-reducing investments if unbundling is mandatory and if it is not. Valletti
and Cambini (2005) analyze investments with two competing networks and show that
cost-based regulation reduces the incentive to invest. As in the literature on network in-
vestments mainly two competing networks are considered, the indirect investment effect
is ignored.13 An indirect investment effect stems from the investment of one MNP on
the traffic between two other MNPs. By reducing its per-unit costs the outgoing traffic
from the investor is increased. As termination rates (at least partially) depend on the
average incoming calls from all MNPs, i’s investments affect all competitors’ termination
rates for incoming calls. With prices depending on termination rates outgoing calls are
affected by any provider’s investments. In less concentrated markets a lower indirect
investment effect should be observed. In contrast, with one large MNP and a number of
smaller providers I expect a strong indirect investment effect from the larger one to the
others whereas the indirect investment effect should be lower for investments of smaller
MNPs.
With termination regulation the indirect investment effect disappears as all forms of
price regulation ignore traffic and, thus, the influences from investments.
The profit stemming from j’s incoming calls from any MNP−j 6= i is given by

∑
−j 6=i π

j
−j,j

= (tj − cj)sj
∑
−j 6=i s−j(a− b−jp−j,j). Although i is not involved in the interconnection

between j and any competitor −j 6= i, i’s investment in cost-reduction affects j’s termi-
nation rate. The increase in wholesale prices is passed on to −j’s off-net prices altering
−j’s outgoing traffic. Deriving j’s wholesale profit with respect to ki yields:

∂
∑
−j 6=i π

j
−j,j

∂ki
= −c′i(ki) sibi

4
∑
−j 6=i s−jb−j

sj
∑
−j 6=i s−j

(
a− b−j

(
c−j +

cj
2

)
+
∑
−j s−j(a−b−jc−j)

4
∑
−j s−jb−j

)
+ c′i(ki)(tj − cj)sj

∑
−j s−jb−j

sibi
4
∑
−j s−jb−j

= −c′i(ki) sibi
4
∑
−j 6=i s−jb−j

sj
∑
−j s−j ((a− b−jc−j)

−b−j
∑
−j 6=i s−j(a−b−jc−j)∑

−j s−jb−j

) (A.1)

With regard to incoming calls there is a positive effect on the mark-up of termination
rates over per-unit costs as termination rates increase due to i’s investments while ter-
mination costs remain unaffected by i’s investments. Nevertheless, total calling minutes
are reduced as competitors’ off-net prices increase in j’s termination rates. Taking a
look at the terms in large brackets it is unclear whether the individual demand term
exceeds the average or not. With c−j = c we find for b−j small, i.e. for calls from
smaller providers terminating on network j, that the expression in brackets is positive.

13I discuss this effect only in the theoretical part for reasons of completeness as I cannot single it out
with the data set.
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To sum up, the effect of i’s cost-reducing investment on profits from incoming calls from
other providers to a provider j is ambiguous. While the wholesale price effect is positive
due to the demand increase from network i, the total demand effect from the other
networks is negative. Thus, without further assumptions on the demand functions no
distinct proposition concerning the indirect investment effect could be derived.

A.4.2 Investment effect on outgoing traffic

Let us first derive the change in the investor’s profits from outgoing traffic due
to a change in investments. Deriving

∑
j π

i
i,j with respect to ki yields:

∂
∑

j π
i
i,j

∂ki
= −c′i(ki)

si
2

∑
j

(
sj(a− bi(ci + tj))

(
1− sibi

2
∑
−j s−jb−j

))
> 0 (A.2)

With i ∈ {−j} the last term is non-negative. By increasing efficiency, profits from
outgoing calls also increase.
For si close to 0 or close to 1 the investment effect on outgoing minutes is smaller which
causes an inverted u-shaped relationship for the investment effect depending on the own
market share. Both if the investor is comparably small and if the investor is comparably
large a lower number of calls originate from the investor’s network.
In a nutshell, two effects on the investor’s profits exist: As the absolute investment
effect on retail prices for outgoing calls is only half the absolute investment effect on
origination costs and termination rates the per-unit mark-up for outgoing calls increases.
Additionally, by reducing off-net prices, customers are more willing to call customers in
competitive networks.

Next I derive the effect of investments on the competitors’ profits from outgoing
traffic to the investor: We know from (5.4) that i’s investment reduces its termination
rate. Furthermore, we know from (5.2) that j’s off-net retail price for calls to i is reduced
only to half the extent than the reduction in termination rates. Thus, not only i’s per-
unit mark-up for outgoing calls to j but also j’s per-unit mark-up for outgoing calls to i
increases as the change in i’s off-net price is lower than the termination rate change. By
reducing off-net prices, the call length for outgoing calls to network i in total increases
raising j’s profits for outgoing calls to i:

∂πjj,i
∂ki

= −c
′
i(ki)

2
sisj(a− bj(cj + ti)) > 0 (A.3)

Finally, let us derive the investment effect on profits from outgoing traffic to
competitors which are not the investor. j’s profits from outgoing calls to any
other providers −j 6= i are given by

∑
−j π

j
j,−j =

∑
−j(pj − t−j − cj)sjs−j(a − bjpj,−j).
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Deriving this sum with respect to ki yields:

∂
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−j π
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(A.4)

Profits from outgoing calls are reduced as retail prices for outgoing calls to competitors’
networks increase in the competitors’ termination rates. Additionally, also the per-unit
price-cost margin is reduced as the absolute increase in retail prices is lower than the
absolute increase in termination rates. Therefore, we find a negative indirect effect of
i’s investments on j’s profits from outgoing calls.

A.4.3 Data Selection and Data Adjustments

I employ data from multiple sources including information about the fully vertically
integrated MNPs in the EU-15 as well as Norway and Switzerland, data about termi-
nation regulation and the termination rates, information about individual transmission
technology per provider and data about population concentration.
Financial information and customer information per MNP are taken from the Merrill
Lynch European Wireless Matrix 2006 and 2007. Merrill Lynch offers detailed infor-
mation for each provider including traffic and financial information on a national level
on a quarterly basis. From this data set I have selected information on calling minutes,
market shares in terms of customers, the total market size and information about invest-
ments. As a proxy for investments I use capital expenditures (capex) having in mind
that capex also includes investment in assets which are not directly linked to network
infrastructure, like buildings. Nevertheless, investments in assets which are not related
to physical network infrastructure are expected to be only a minor share of the total
capex.
Termination rates are taken from the Ovum database. Ovum provides termination rate
information for each MNP. Note that at least for 2001 I have to adjust termination
rates due to the introduction of the Euro in most countries of the sample. For most
of the MNPs Ovum provides on-peak and off-peak prices and traffic-dependent average
termination rates, which I use for the analysis.
Information about the alternative regulation schemes is taken from the Plaut Economics
Regulatory Index for the years 2000 until 2006 and complemented for 2007 with data
from national regulators’ websites. The Plaut index is based on a questionnaire for EU
member states. I selected the questions concerning mobile interconnection regulation
and transformed the disaggregated values for each country and each year into dummy
variables for alternative regulation mechanisms and asymmetric regulation taking into
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account country information provided on the regulators’ websites. I complemented the
information also for Norway and Switzerland since they are not EU member states and,
thus, are not covered by the index.
The transmission technology is a main driver of per-unit costs. In Europe mainly two
frequency bands are allowed for mobile communication, which are a frequency band
around 900 MHz and a frequency band around 1800 MHz. Information about the li-
censes of each MNP for the two frequency bands is taken from the GSMA website
(www.gsmworld.com). GSMA is the worldwide association of mobile companies. On
the website an overview of licenses for transmission technologies is offered including in-
formation about the year of the grant of a license. It is necessary to distinguish between
the two frequency bands as the transmission in the higher-frequency band leads to higher
transmission costs. This should be reflected in the per-unit costs and, thus, also in the
termination rates.
In network-based markets customer concentration is a key driver of costs as in more
densely populated areas the infrastructure could be installed at lower costs. With mo-
bile infrastructure two ambiguous effects might exist as country coverage has been one
of the key issues from the political perspective. Companies were forced to build up a
network infrastructure which not only covers most of the population but also most of
the area. On the other hand, in more densely populated areas, where the population
coverage is expected to be easier, congestion is an issue. This is the case since commu-
nication of more customers in one cell around a transmission tower reduces the speed
of transmission, thus, impairing the communication quality. I use data for population
concentration from the OECD since standard density measures assume a uniform dis-
tribution of the population.

Following the Merrill Lynch report off-net minutes are counted twice. With the stan-
dard assumption that traffic is market share-dependent I can set up the following relation
between the Merrill Lynch data and the actual values:

M̂OU i = si
∑
j

MOUj +MOUi (A.5)

where M̂OU i are the MOU of MNP i as given in the Merrill Lynch report and MOUi
are the unobserved (actual) MOU of MNP i. Rewriting this term in matrix notation we
achieve the following equation:14

M̂OU = (I+ s11×n − diag(s))MOU (A.6)

14How one gets from (A.5) to (A.6) is shown in the next subsection.
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where M̂OU, MOU and s are (n×1) vectors, I is the (n×n) identity matrix, diag(s) is
the (n×n) diagonal matrix of s and 11×n is a ones-vector. With si ≤ 1 for each element
in s the term in brackets is positive definite. Rearranging terms yields:

MOU = (I+ s11×n − diag(s))−1M̂OU (A.7)

MOU is the vector of the adjusted MOU for all MNPs in country l at time z.
Note that data for smaller firms are at least partially based on Merrill Lynch estima-
tions. Thus, it might be the case that dependent on the estimation data for smaller
MNPs a lower statistical variance exists over time or also cross-sectional dependent on
the estimation methodology used for getting information about these MNPs.

A.4.4 Calculation of actual MOU

The relation between the given MOU of MNP i and the actual MOU is as follows:

M̂OU i = si
∑
j

MOUj +MOUi (A.8)

For any MNP i the MOU in the Merrill Lynch European Wireless Matrix are its actual
MOU plus the incoming MOU from all other providers. Thus, for all providers the
relationship is the following:

M̂OU1 = 1 MOU1 + s1 MOU2 + s1 MOU3 + ...

M̂OU2 = s2 MOU1 + 1 MOU2 + s2 MOU3 + ...

M̂OU3 = s3 MOU1 + s3 MOU2 + 1 MOU3 + ...

(A.9)

Rewriting this equation system in matrix notation gives:

M̂OU = smatMOU
M̂OU1

M̂OU2

M̂OU3

...

 =


1 s1 s1 ...
s2 1 s2 ...
s3 s3 1 ...
...




MOU1

MOU2

MOU3

...

 (A.10)
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Rearranging smat yields:

smat =


1 s1 s1 ...
s2 1 s2 ...
s3 s3 1 ...
...


=


s1
s2
s3
...

 (1; 1; 1; ...) +


1 0 0 ...
0 1 0 ...
0 0 1 ...
...

−


s1 0 0 ...
0 s2 0 ...
0 0 s3 ...
...


= s11×n + I− diag(s)

(A.11)
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