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Abstract

We examine theoretically and empirically the relationship between access regulation, financial
structure and investment decisions in network industries, analyzing if financial variables can be
used as a strategic device to influence the regulator’s price setting decisions. Using a panel of
15 EU Public Telecommunication Operators (PTOs) over the period 1994-2005, we first
investigate the determinants of regulated prices (both wholesale and retail), firm financial
structure and investment, and then test the relationship between leverage, regulated charges and
firm’s investment. However, our model suggests that if leverage influences the regulated access
charges, then it will also impact competition in the downstream segment. Therefore, we also
investigate the impact of the PTO’s leverage on market competition. Our results show that
leverage positively affects regulated rates, as well as the PTOs’ investment rate, as predicted by
Spiegel and Spulber (1994). Moreover, higher leverage also leads to higher access charges and
an increase in leverage is followed by a decrease in the number of competitors and by an
increase of the incumbent’s market share. This suggests that the strategic use of debt to
discipline the regulator’s lack of commitment within a vertically integrated network industry
may somewhat impair or delay competition in the retail segment, but has a favorable
counterpart in mitigating the underinvestment problem.
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1. Introduction

Infrastructure investments are crucial in network industries because of their influence on prices and
quantities in the long run, and because their delay generates enormous welfare costs.! Regulation
affects investment decisions, especially when pro-competitive regulatory regimes are introduced.?
An instrument that regulators typically adopt to enhance competition in the potentially competitive
segments of a market is the obligation to provide access “at fair and non-discriminatory
conditions™ to the existing network, which is typically operated and maintained by an incumbent
firm. Access (or wholesale) regulation plays a fundamental role in vertically integrated markets,
where the network is the essential facility for the provision of final services and access is vital to
encourage and sustain entry in the competitive segment of the market.

However, investment decisions are affected not only by regulation but also by firms’
financial stability. When the financial position of a regulated firm deteriorates, the risk of financial
distress also increases and this compromises the financeability of investments as the managers
become more concerned with the firm’s financial solvency than with infrastructure expansion.®

This paper analyses the relationship between access regulation, financial structure and
investment decisions in a vertically integrated industry, the telecommunications industry, and
empirical investigates if financial variables can be used as a strategic device to influence the
regulator’s price setting decisions, competition in the retail segment, and incumbents’ investment
decisions.

Modern telecommunications are an interesting case to study because access regulation has
became the key feature of the regulatory framework since the inception of market liberalization and
investment in new communication infrastructures — such as Next Generation Networks (NGNs) that
will provide high-speed connection and broadband and ultra broadband services in the next future —
is believed to be a significant contributor to economic growth.*

! See Guthrie (2006), Hausman (1997) and Kessides (2004).

2 See, for example, Alesina et al. (2005) who find a positive relationship between deregulatory reforms of product
markets and investment. In particular, entry liberalization plays an important role to spur investment.

® Recently, a joint study of the UK Department of Trade and Industry (DTI) and the HM Treasury (DTI-HM, 2004) has
expressed a concern about the “dash for debt” or “flight of equity” of UK utilities, including telecom incumbent British
Telecom.

* NGNs will allow new ICT services to be delivered in bundle with voice services and broadband connection, and will
require massive sunk investments in optical fibre connections. These investments are supposed to significantly
contribute to the economic growth. Réller and Waverman (2001), using data from 21 OECD countries over a 20-year
period, show that an increase of 10% in the broadband adoption rate leads on average to an increase of 2.8% of GDP
growth. Koutroumpis (2009) shows that the average impact of broadband infrastructure on GDP is 0.63% (for the EU-
15, in the period 2002-2007), that is, 16.92% of total growth in this period. Greenstein and McDevitt (2009) show that
broadband accounted for $28 billion of US GDP in 2006, and they estimate that $20 to $22 billion was associated with
household use.
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Recent debate on investment in telecoms infrastructure is mostly focussed on the impact of
access regulation.” We depart from existing studies because we introduce the capital structure
decisions of the regulated incumbents in the interplay between access regulation and investment.

The financial exposition of Public Telecommunication Operators (PTOs) has increased to
levels never seen in the last decades, and has become the hot issue in the industry, because of the
PTOs’ financial gearing. At the end of 2005, the Financial Times wrote: “the telecommunications
sector is in a particularly precarious position, with a number of companies facing the threat of being
downgraded to junk status. In this sector, 50 per cent of the companies have negative outlooks or

6 This situation has even worsened after 2005: at the

are on credit watch with negative implications
end of 2008, the net debt position of Deutsche Telekom was equal to 41 billion of euros, France
Telecom 36 billion of euros, Telecom Italia 34 billion of euros, British Telecom 11 billions and, at
the top, Telefonica de Espana with 45 billion of euros! In addition, new bonds are going to be
issued in the next years (2010-2011) to finance European telecoms operators’ activities for an
expected value of 45 billion of euros.

Theoretical models developed by Spiegel and Spulber (1994) and Spiegel (1994 and 1996)
identify the capital structure as a strategic mechanism that affects the regulator — regulated firm
interaction, when regulators cannot commit not to review ex post the regulated charges. This lack of
commitment typically leads to an underinvestment problem. High debt levels can make regulators
concerned with the financial stability of the incumbent operator and reluctant to reduce regulated
rates, thus shielding the firm against ex post regulatory opportunism. Therefore, the choice of the
debt level can be viewed as an instrument that partially limits the underinvestment problem
originating from the time inconsistency of the regulatory intervention.” Empirical evidence by
Bortolotti, Cambini, Rondi and Spiegel (2008) shows, for a large panel of EU utilities, that higher
leverage leads to higher retail rates, provided firms are subject to an independent regulator and
privately controlled.

® See, for example, Waverman et al. (2007) and Grajek and Réller (2009) find a discouraging role of wholesale
regulation (in the form of local loop unbundling) on infrastructure investment by both incumbents and entrants in fixed-
line telecommunications. For a recent survey on the relationship between regulation and investment in telecoms, see
Cambini and Jiang (2009).

® Cited in “European company debt at five-year high”, by D. Oakley, The Financial Times, November 3rd, 2006.

" In practice, regulators do take the cost of debt into account when they set retail and wholesale charges. The most
widely used price mechanisms in Europe and US — e.g. the rate of return or the price cap at retail level and the cost-
based access charge or network caps at wholesale level - refer to the weighted average cost of capital (WACC) as the
interest rate to evaluate the allowed capital expenditures. Thus, as long as indebtedness affects the way a regulated tariff
is computed and, at the same time, determines how investment outlays are financed, the incentives for a strategic use of
debt may ultimately be stronger than for a literal application of the pricing mechanism.
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In this paper, we analyze both theoretically and empirically the strategic role of leverage and
its impact on regulated (retail but also wholesale) rates and firm’s investment decisions. We first
develop a stylized model that combines the Spiegel (1994)’s model of capital structure choices in a
regulated environment with the Laffont and Tirole (1994)’ model that studies the optimal social
choice of wholesale rate in a vertically related industry. From our simplified model, we derive
empirical predictions that we test using firm level data for a panel of 15 EU PTOs and country level
regulated rates over the period 1994-2005. We first analyze the determinants of wholesale and retail
prices, of firm leverage and firm fixed capital investment. We then test the relationship between
capital structure and regulated - both retail and wholesale — charges. Since the incumbent operator is
vertically integrated, the access charge affects the alternative operators’ marginal cost for the
provision of retail services, but not the marginal cost of incumbent firm. Should leverage influence
regulated access charge, this in turn has an impact also on competition in the retail segment.
Bearing this in mind, we investigate the relationship between firm leverage and the number of
competitors in the retail segment and, alternatively, the incumbent’s market share in the retail
market. Finally, we investigate the interaction between debt and investment of fixed telecoms
operators.

The empirical investigation controls for key features of the institutional context, such as the
degree of regulatory independence (as in Edwards and Waverman, 2006) and its intensity (as in
Grajek and Rdéller, 2009), the intensity of regulation of market entry (as in Alesina et al. 2005), the
regulatory climate through political variables (as in Bortolotti, Cambini, Rondi and Spiegel, 2008)
and also for firm productivity growth as a proxy for technological change. We deal with
endogeneity problems by applying instrumental variable methods that either use institutional and
political variables to instrument the regulatory environment or framework or employ lags of internal
right-hand variables (GMM estimator) when dynamic models are estimated.

This paper has three main contributions. First, we extend Spiegel (1994)’s model and
provide a simplified theoretical framework to analyze the interplay among capital structure, access
regulation and investment. Secondly, we investigate whether the PTOs’ capital structure affects
wholesale charges and, in turn, competition in the retail downstream segment. To the best of our
knowledge, this is the first paper that analyzes the impact of capital structure decision on regulated
wholesale charges. ® Thirdly, we provide empirical evidence of the interaction between financial

and investment decisions in the European telecoms industry.

® The 10 literature has long analyzed the reasons and the economic conditions of ex ante intervention in granting access
to an essential facility managed by the PTOs. Most of the literature on telecom regulation focuses mainly on the
definition of optimal price mechanism where asymmetric information is viewed as the most serious problem vexing the
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Our results show that an increase in leverage positively affects regulated rates, both at the
retail and at the wholesale level. We also find that increases in leverage have a negative impact on
competition, but a positive effect on the PTOs’ investment rate. This suggests that the strategic use
of debt to discipline the regulator’s lack of commitment within a vertically integrated network
industry may somewhat impair or delay competition in the retail segment, but as favorable
counterpart in mitigating the underinvestment problem.

The structure of the paper is the following. In section 2 we present the theoretical framework
and the empirical predictions. In section 3, we describe the Institutional background on EU
telecommunication industry and in section 4 the changing pattern of market competition and of
interconnection rates in Europe. In section 5 we describe the dataset and the firm level variables. In

section 6 we present the econometric results. Section 7 summarizes the main results and concludes.

2. Theoretical framework and empirical predictions

One primary goal of regulation is to promote competition and to enhance social welfare
(Armstrong and Sappington, 2006). A major drawback however is that a conflict between social and
private interests arises whenever pro-competitive and efficiency enhancing regulatory regimes may
undermine the firm’s incentives to invest and maintain the infrastructure.® This tension is typical of
telecom operators where adequate provision of the service requires large amounts of investment that
is both irreversible and risky, and uncertainty in the regulatory framework and rules can further
deprive utilities’ incentives to invest. When regulators cannot commit to long-term regulated prices,
they may have an incentive to cut prices, once the firm’s investments are sunk, in order to benefit
consumers at the expenses of the firm’s owners.

Economic literature has analysed the time-inconsistency problem in regulation, i.e. the so-
called hold-up problem (Besanko and Spulber, 1992). One strand of the literature has introduced the
capital structure decision as a potentially useful instrument to restraint regulatory opportunism
(Spiegel and Spulber, 1994, Spiegel 1994 and 1996). By allowing the firm to become highly
leveraged and exposed to financial distress, the regulator will discipline the lack of commitment

problem, tying his/her own hands not to reduce the regulated retail rates ex-post, and re-establishing

regulator-PTO relationship (Laffont and Tirole, 2000; Armstrong, 2002; VVogelsang, 2003, among others) We do not
find papers that analyze the impact of capital structure decisions on the wholesale rates setting process.

® In their book, Laffont and Tirole (2000, p. 7) note that: “There is in general a trade-off between promoting
competition to increase social welfare once the infrastructure is in place and encouraging ex ante the incumbent to
invest and maintain the infrastructure”.
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the firm’s incentives to invest. Debt financing may thus lead to higher regulated prices while at the
same time encouraging regulated firms to increase their investment rates.

Following these predictions, Bortolotti, Cambini, Rondi and Spiegel (BCRS, 2008)
investigate the relationship between the capital structure and the regulated retail prices for a large
panel of EU utilities in energy, telecommunication, transport and water industries from 1994 and
2005. They find that i) EU utilities tend to increase their leverage following the introduction of an
Independent Authority, but only if they are privately-controlled, and ii) higher leverage leads to
higher regulated rates, i.e. leverage Granger-causes regulated prices (but not vice versa), when firms
are privately controlled and regulated by an IRA. BCRS (2008), however, do not examine the
relationship between leverage and investment and, more importantly, the leverage-price relationship
is analysed only for retail charges.

In this paper, we depart from existing works in two directions. First, we analyse the
relationship between capital structure and investment decisions, testing the prediction implicit in
Spiegel and Spulber (1994)’s model that higher leverage leads to higher investment. Second, we
extend the analysis to account for the typical vertical structure of telecommunications industry and
the specific regulatory interventions on wholesale — i.e. access — rates as well as the retail prices.
This feature introduces an interesting twist in the strategic interaction between the regulator and the
regulated incumbent firm, because the regulator may choose whether to “tie his own hands” with
respect to the access price or with respect to the retail charge, or both. The theory is silent about this
because the original model is designed for a monopolistic utility industry where access to an
essential facility was not an issue. In contrast, the market structure of telecom industry in most
European countries is characterised by an upstream monopolistic network segment and a
downstream retail segment with a dominant incumbent (usually the PTO) competing with
alternative new entrant operators. Hence, whether the regulator reacts by adjusting the access or the
retail charge, or both, will have a consequence for competition in the downstream segment and, in
turn, for the incumbent’s investment incentives.

Unfortunately, complicating factors in the telecommunication industry potentially prejudice
the interpretation of the empirical analysis. First, regulation of access rates is usually more intensive
than regulation of retail charges because there is much less competition in the upstream segment.
Second, wholesale rates usually influence retail charges thereby following a similar trend, though,
in addition, the latter are also affected by competition. Third, the effectiveness and the
independence of regulators may influence the regulated firm’s investment decisions. We therefore

have to reconsider the original model’s predictions — i.e. debt leads to higher regulated prices and,
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at the same time, encourages regulated firms to increase their investment levels - by taking theses
complicating factors into account.

In order to derive testable predictions in this complex framework, we develop a stylized
model in the Appendix that combines the Spiegel (1994)’s model of capital structure choices in a
regulated environment with the Laffont and Tirole (1994)’ model that studies the optimal social
choice of wholesale rate in a vertically related industry. The model considers a vertically integrated
firm operating both in the upstream and downstream segment of an industry. In the upstream
market, the firm runs a network whose access represents the essential input for the provision of
retail services. In the downstream market, the incumbent operator competes with a fringe of
alternative operators.® Moreover, the alternative operators need access to the existing network for
providing the final service. The access charge is therefore subject to regulation by a benevolent
regulator, who is not able to ex ante fully commit in his price setting decisions. Following the
approach by Spulber (1989), the access charge is set by using a bargaining process between the
firm, which is interested in maximizing its profit, and the regulator, who is interested in maximizing
consumers’ surplus. The model, in the same vein of Spiegel and Spulber (1994) and Spiegel (1994),
provides the following results: as far as the regulated charges concern, it results that the higher is
the debt issued by the firm, the higher is the regulated access charge set by the regulator and in turn
the higher is the regulated final price. Therefore, there exists a direct relationship between the
regulated (wholesale and retail) charges and the level of the debt. This is our first set of testable
prediction. If the level of debt positively affects the wholesale rate, then it will also affect the
quantity sold in the downstream segment by alternative operators, since their marginal cost for
providing the final service rises too. On the contrary, the vertically integrated incumbent operator
will only pay the real marginal cost of the service, which is likely to be lower than the one faced by
the alternative operators whenever the access charge is not entirely “cost oriented” and firms are
equally efficient in the downstream segment. Then, the incumbent could use debt not only to
influence the regulator’s price setting decision, but also to put the rivals at disadvantage. In this
event, our testable prediction is that the higher is the debt, the lower is market competition. We will
measure this sort of raising rival cost effect induced by the leverage, using two (absolute and
relative) measures of the degree of market competition: the number of competitors and the
evolution of the market share of the incumbent. The reason why the regulators permits that the

regulated charges raise with the debt, at least up to a threshold level (see equation A6 in the

19 Even though this assumption could seem too strong, it is needed to simplify our analysis without any loss of relevant
insight. Moreover, with the only exception of UK and Sweden, competition in the telecoms market within our time
horizon is quite limited, as shown in Section 3.
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Appendix) , is — as shown by Spiegel and Spulber (1994) - to tie their own hands and reduce their
ex post opportunism. Insofar as debt can shield the incumbent from ex post opportunism by the
regulator, debt will also provides the regulated firm with better incentives to reduce the typical
underinvestment problem. As argued by Spiegel and Spulber (1994, p. 436), debt influences
investment because “the regulator will permit firms to take on debt only if debt increases the firm’s
ex ante investment level”. Thus, and this is our third prediction to test, we would expect that the
higher the debt issued by the firm the higher the investment rate is.

It is worth noting that so far we have never mentioned neither the quality of the regulatory
environment nor social welfare objectives that the government in charge might wish to promote,
although both of these institutional aspects deeply affect the efficacy of the action and the stance of
the regulator — e.g. pro-firm or pro-consumers, pursuing static or dynamic efficiency. As recently
emphasized by the literature (Levy and Spiller, 1994; Edwards and Waverman, 2006), the degree of
regulatory independence (either from the government in charge or from the regulated
firm/incumbent) enhances the commitment powers of regulators and reduces the uncertainty of
regulatory interventions, thus playing a key role in utilities” investment decisions. The relationship
between regulators and politicians can be especially important in European countries, where
regulators are appointed by governments and not elected by citizens (Henisz and Zelner, 2001).
Even if the regulator is formally independent from politicians, in fact, the political orientation of the
elected government may influence not only the regulator’s agenda, and make it more or less pro-
firm or pro-consumers, but also firm investment and financing decisions, as, typically, stock
markets favourably react to right-wing governments. Since we recognize the importance of the

regulatory and political environment, we will control for their impact in the empirical analysis.

3 The telecommunication industry in the EU

3.1 Institutional background and leqgislative framework

In the last twenty years, rapid evolution of telecommunication technology and fast growing demand
for telecommunications services have led to intense changes in both the market / industry structure
and the regulatory framework. Many European countries, following the UK experience of
structural reforms in the ‘80s, have gradually liberalised the domestic markets and privatised public
telecommunications operators.*! With very few exceptions, public telecom operators are now

privately controlled and the retail market is (almost) fully liberalised almost everywhere.

! The regulatory framework has changed over time following the technological and competitive evolution of
the industry. Formally, liberalization in the telecommunications market kicked off in the late ‘80s, with the Green Paper
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From the start, the key concern of the newly established IRAs was that the design of the
regulatory framework could guarantee that potential entrants have both access to and
interconnection with the network, since this crucial asset belonged (and still belongs) to the
incumbent fixed telecommunication operators. Since 1998, many telecom services have been
liberalized and deregulated, the most prominent example being the retail services.? In 2003, also
telecom services for specific traffic directions - mainly international calls — and specific client
categories — mainly business users — were gradually deregulated. However, at the end of 2005,
price regulation (through a price cap or other forms of tariff approval) of voice services for family
users was still in place in many EU countries™ and PTOs were (and still are) under tight regulatory
obligations on wholesale services. In December 2007, the European Commission revised the
regulatory framework in order to limit ex ante intervention at the retail level, and to focus, instead,
on access and interconnection services (Recommendation 2007/879/EC). In sum, access and

interconnection issues are the bulk of regulatory intervention in the telecoms industry.

3.2 Market evolution and interconnection rates in Europe

European Commission reports on the Implementation of European Electronic
Communication Regulatory Framework (EC, 1998 — 2006) provide useful information about the
degree and type of competition faced by European incumbent operators in the time span we are
considering. By the end of 2005, only 7 countries have more than four relevant competing
operators, i.e. “alternative operators that together with the incumbent, control a combined market
share of 90%” as defined by the EC reports, and the average market share (in terms of revenues) of
incumbent operators in EU-15 is 72% in the local segment and 65% in the national segment.
Moreover, alternative operators tend to concentrate their business on specific segments of the
market, such as business users, or to restrict their activity to specific services (long distance calls —

national and international) or geographic areas, thus carrying just a limited impact on the total

for the Development of the Common Market for telecommunication services and equipment (1987). In the early ‘90s
the EC issued a number of Directives dealing with the telecoms sector. But the fundamental piece of EC legislation for
TLC is Directive 96/19, the so-called Full Competition Directive, which opened up the market for voice telephony
starting from January 1%, 1998 and ruled that every member state should have an Independent Regulatory Authorities
for telecommunications industry.

2 Due to these developments, in 2002 the EU Commission issued four Directives (the Framework, the
Authorization, the Access and the Universal Service Obligation Directive2002/19-22/EC) which set up a new regulatory
framework and introduced a new approach relying on “ex post” rather than “ex ante” intervention especially at retail
level (Buigues and Rey, 2004).

3 In 2006, Denmark, Finland and UK, fully deregulated retail charges while in ltaly, France and Spain, price caps
became gradually less tight. For detailed information, see the OECD report (2006) and Table 10 therein.
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national market. Therefore, in this period, competition is largely asymmetric and incumbents still
dominate the retail market.

Competition among operators is more likely to be based on services rather than on
alternative infrastructures (EC, 2006; figure 19): at the end of 2005 direct access to alternative
providers is used only by 7.7% of EU15 subscribers. Alternative proprietary infrastructures are very
limited and direct access is primarily due to the so called local loop unbundling (LLU), which
forces alternative operators to spend large (and sunk) amounts of money to install their equipment
at local exchanges (owned by the incumbent), and to rent only the very last mile (the loop) from the
incumbent. LLU is supposed to be the appropriate regulatory scheme to stimulate competition
among operators in the early stages, i.e. when entrants have not yet rolled out alternative
infrastructures. However, by the end of 2005, only the 8% of total lines were unbundled in
Germany, 5% in Italy and 2% in France (COCOM, 2006) and even more recently LLU is still
limitedly used in most EU countries, confirming its complex application (EC, 2007; COCOM,
2007). Therefore, in our 1998-2005 sample period, telecom utilities compete over the provision of
telecom services rather than on duplication of alternative facilities, and alternative operators have to
access to the incumbent’s network at various levels of the multi-layered network structure.**

Access charges play a key role in the development of the telecom market and identify the
bulk of the regulatory issues for telecommunications industry (Cave, 1997, Laffont and Tirole,
2000). Through access to the network, entrants may terminate the call they have originated into the
existing incumbent network and are allowed to reach customers without having to duplicate the
infrastructure of their own. For these reasons, one of the main concerns for NRAs is to efficiently
regulate access rates so as to avoid any potential advantage for the vertically integrated incumbent
operator and to level the playing field among competitors. In addition, the EU Commission requires
that interconnection rates be *“cost orientated” in order “to encourage efficient entry and a rapid
development of an open and competitive market” (Directive 97/33/EC, art. 7).

Alternative operators may access to the incumbent’s fixed network through different
wholesale services, like local access and single tandem interconnection (Edwards and Waverman,
2006). The choice among interconnection modes depends on the amount of network the entrants
want to use. Local access is needed when the entrant uses its own infrastructure to reach the local

exchange nearest the party being called; the alternative operator thus rents only a limited fraction

4 Alternative operators can route users to their network either through a carrier selection system (CS), i.e. user dials a
prefix on a call-by-call basis, or by carrier pre-selection (CPS), where the user’s calls are routed to the new entrants’
network on an automatic basis. These are mainly non-infrastructured modes of entry and they were highly used by
alternative operators in all Europe. For example, at the end of 2005, CPS was used in Italy by 100% of alternative
operators, 92% in UK, 67% in France, 87% in Belgium and 40% in Germany (EC, 2006). In recent years, many
alternative operators have shifted towards more infrastructured modes of entry and CPS and CS lost their importance.
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(the core distribution network) of the incumbent’s network and creates its own network for
transporting calls all over the country. If instead the entrant has not invested in proprietary
infrastructure, a larger fraction of the incumbent’s network must be rented. In this case, single
tandem interconnection is used to terminate calls anywhere in a metropolitan area. Single tandem
interconnection was, at least up to 2007, the most widely used entry method in Europe and single
tandem rates may be, accordingly, viewed as the reference interconnection rates for most European
countries (see ERG, 2007)." Revenues from sales of these wholesale services are very high in the
period we consider, covering approximately from 20% to 25% of PTO’s total revenues.*

Figure 1 shows the price indexes for the two rates (2005=100). From 1998 to 2005, the
interconnection rates halved (single transit even more than halved). The remarkable descent of
access charges was unquestionably influenced by intense NRAS’ supervision as well as by major
progress in the information and telecommunication technology, as telecom utilities significantly
increased their productivity levels in the past decade.

4. The data

Our dataset comprises firm level variables for 15 publicly traded Public Telecommunication
Operators (PTOs) from 14 EU countries during the period 1994-2005 (see the list of firms in the
Appendix A.3). The panel is unbalanced, as firms have from 6 to 12 consecutive observations. We
construct our dataset by merging accounting and financial market data from Worldscope with
several sources in order to obtain: wholesale charges (Eurostat - New Cronos; European
Commission — DG XIII, Telecommunications Regulatory Package); retail price indexes and fixed
investment price deflator (Eurostat and OECD); information on the institutional context such as the
regulatory environment and regulatory independence (Edwards and Waverman, 2006); the extent of
regulation of market entry (OECD International Regulation database by Conway and Nicoletti,
2006); and the intensity of specific market regulation (Plaut Index by Zenhausern et al., 2007).

The theoretical implications of the model focus on three variables, financial indebtedness,

regulated prices and fixed investment.

> Double tandem interconnection, the third level of access to the existing network, allows alternative operators that
only have a single point of interconnection, to enter all of the incumbent’s network and terminate their calls anywhere
in the network. This access mode is for alternative operators that have not invested in any proprietary infrastructure, and
was mostly used at the beginning of the liberalization process, i.e. when new operators entered the market. Since
Double tandem interconnection lost its relevance as market competition increases, (see ERG, 2007), we prefer to focus
on the mostly used access services.

18 The importance of wholesale services in terms of traffic, is even higher: in Italy, for example, we observe an average
of 180 billions of national calls’ minutes per year in the period 1998-2005, and approximately 80 billions of wholesale
minutes of traffic.
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To define indebtedness we consider measures that capture the risk of the default.'” Our
preferred variable is therefore the textbook definition of leverage, i.e. the book value of financial
debt (both long- and short-term) divided by the sum of the book value of debt and the book value of
equity. Alternatively, we also construct the total financial debt to total assets ratio (debt-to-assets)
and the total financial debt to sales, which we use for a robustness checks.

We estimate our models using both retail and wholesale charges. Retail prices at the
individual firm level are not available, therefore we use sectoral retail price indexes, which
incorporate the changes both in traffic (usage) charges (for local, national and international calls)
and in monthly fixed fees. Because the regulators in the newly liberalized market had to enforce
“tariff rebalancing”, the different components of the typical “telecom bill” ended up following
opposite trends: ascending over time that of fixed monthly fees and downward that of usage
charges.

As for wholesale charges, we use the access rates on the incumbent’s fixed network for local
level and for single transit that we described with some detail in section 2.2.

Investment rate is the change in the fixed capital stock. In the econometric analysis we use
the investment rate calculated as the ratio of gross fixed investment to capital stock at the
replacement value.'®

Figure 2 shows that, similarly to wholesale rates, also the fixed retail prices substantially
diminish over this period. As described in Section 2, the decline of retail prices results from
regulatory intervention, competition pressure as well as technological change. By construction, the
impact of technological progress, and the fast-growing productivity of telecom operators has
influenced regulatory rates (both retail and wholesale) through the (price and network) cap
mechanism.

Labour Productivity and the Total factor Productivity index account for increasing
efficiency at the firm level. The former is the ratio between real sales revenues and the number of

employees, the latter we obtain from estimating a Cobb-Douglas production function.'® Figures 3a

7 See Rajan and Zingales (1995) for a discussion of alternative leverage measures.
'8 The accounting data from Worldscope only include historic cost valuations of fixed assets, which usually bear little
relation to current replacement cost of long-lived fixed capital assets. Hence, we calculate the replacement cost of the
capital stock using the perpetual inventory formula: puiKe: = piKi(1-0)(Pe+1/Pr) + Pr+1li+1, Where py is the country-specific
implicit price deflator for gross capital formation in period t sourced by the OECD, K; is the fixed capital stock in period
t, I¢ is the investment flow in period t, and & is the depreciation rate. For the depreciation rates, we use the Bureau of
Economic Analysis estimates as reported in “Rates of Depreciation, Service Lives, Declining Balance Rates, and
Hulten-Wykoff Categories” and applied a constant rate of 8% for telecommunications.

¥ To obtain an index of total factor productivity from estimating a Cobb-Douglas gross output production
function of the form: Y; = AK“Li’Xi” where Y is output, A is a Hicks-neutral productivity shift parameter, K is capital
output, L is labour, X is intermediate inputs, ¢, g, y are the elasticities of output with respect to the relevant factor. We
estimated the production function in log-linear form: yy= ai + aky+ B i+ i + 14, wWhere variables in lower case are
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and 3b show the average Labour Productivity and the average TFP Index for the fifteen PTOs in our
sample. The upward trend of labour productivity is weak until 2001, even slowing down between
1999 and 2001, and then accelerates between 2001 and 2004. The pattern of the TFP index is
similar, with a lower peak in 1998, a slowdown until 2001 and then a fast increasing trend up to
2005. It is worth noting that both TFP and labour productivity nearly doubled while the regulated
rates nearly halved over the period, thus confirming that technological progress played a key role in
this evolution.

Figure 4 show the average financial leverage from 1994 to 2005. The trend is quite steep, it
is steadily increasing up to 2000 and it reverts and drops in 2003, and thereafter resumes its growth.
Finally, in Figure 5 we report the average investment rates. The pattern is very irregular from 1995
to 1999, even collapsing in 1996 and 1997 just before the liberalization EU directives. Investments
increase more smoothly from 1999 to 2003 and then again they decline.

Table 2 reports the summary statistics for the variables we use in the econometric analysis.

5. Empirical analysis

Our goal is to investigate, for the 15 European PTOs in the dataset, the relationship between capital
structure, investment and regulatory outcomes over the period from 1995-2005. As discussed in
Section 2, complicating factors in the telecommunications industry and in the regulatory
environment have to be considered, and controlled for, in order to interpret the results. Our
empirical strategy thus starts with the analyses of the determinants of wholesale and retail rates, of
PTOs’ investment and leverage, and continues with the analysis of the dynamic interactions
between leverage and investment, regulated rates and market competition (as proxied by the number
of competitors in the retail segment and by the market share of the incumbent in the national retail
market). For this purpose, we will perform Granger (1969) and Sims (1972) causality tests, which
allow us to evaluate whether higher leverage leads to higher prices and to weaker (or tougher)

competition, or viceversa.?’

logs and g4 is a year dummy. We used instrumental variables (2SLS) to estimate the log-linearized production function
to take account of the simultaneity between input choices and productivity shocks. Lagged values of k, I, x, and the firm
market share were used as instruments. We included the market share because over the last decade incumbent PTOs
began to underuse their fixed network productive capacity due to a fast increase in intra-modal competition (increase in
the number of fixed telephony competitors at the retail level) and in inter-modal competition (increase in the adoption
of mobile telephony). The residual a;; can be interpreted as TFP (see Van Biesenbroeck, 2007, for a recent survey), and
we used it to construct the TFP index and Figure 3b.

% Granger causality tests have been increasingly employed in the recent regulation literature. For example, Alesina et
al. (2005) study the causal relationship between the intensity of product market regulation and investments in 21 OECD
countries; Edwards and Waverman (2006) test the relation between interconnection rates and regulatory independence
in the EU-15 member states from 1997 to 2003; Gasmi, Noumba and Recuero Virto (2006) study the impact of political

12



Access Regulation, Financial Structure and Investment in Vertically Integrated Utilities

5.1 Regulated Rates, Fixed Investment and Leverage in EU PTOs

5.1.1 Requlated Rates

The econometric analysis of the determinants of regulated rates is reported in Table 2. We
estimate a simple specification where wholesale charges - Local and Single transit rates — and the
Retail price index are regressed on the PTQ’s total factor productivity index — lagged one year -, on
firm fixed effects and on a country-sector specific index that captures “regulatory independence” of
telecom NRAs from government influence. By including an index of regulatory independence we
attempt to control for the complexity, and the heterogeneity, of the regulatory environment. NRAs
typically oversee interactions between the vertically integrated incumbent and entrant firms, and
their decisions affect the PTOs’, the alternative operators’ and consumers’ surpluses. Not
surprisingly, governments may try to influence the NRA so as to induce decisions that are in
contrast with “effective regulation” and, rather, consistent with their own political agenda,
alternatively favouring entrants, consumers or the PTO. To prevent political interference in the
decisions of the NRA and to make NRA as “independent” as possible from the government,
instit