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Abstract In a time of rapidly increasing global digitalization, providers of communi-
cations networks find themselves confronted with huge growth in broadband-intense
demand and hence must address the need to expand high-performance fiber optic net-
works. However, since deployment of fiber access networks is subject to high risk for
operators, a core question faced by regulatory institutions is how to optimally design
the regulatory framework to incentivize investment. This work employs recent EU27
panel data and examines the role of regulatory policies and competition controlling
for relevant supply and demand side factors and the investment dynamics. The results
indicate that relevant forms of previous broadband access regulation have a negative
impact on investment in new fiber infrastructure. Furthermore, infrastructure-based
competition from mobile operators and the replacement effect stemming from the
incumbents’ existing infrastructure exert a negative impact on investment incentives.
Finally, there is clear evidence of adjustment costs underlying the fiber deployment
process.

JEL Classification L38 · L43 · L52

1 Introduction and motivation

The Digital Agenda for Europe (DAE) aims to strengthen the competitiveness of
Europe’s economy with an explicit focus on digital communications technologies and
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defines specific policy goals in terms of network deployment, adoption and band-
width characteristics. The DAE “seeks to ensure that, by 2020, (i) all Europeans have
access to much higher internet speeds of above 30 Mbps and (ii) 50 % or more of
European households subscribe to internet connections above 100Mbps” (European
Commission 2010a, p. 19). The future central importance of high-speed next gener-
ation networks (NGNs) as a key socio-economic factor in any information society is
well recognized with reference to the general purpose technology character (Bresna-
han andTrajtenberg 1995) ofNGNs and related spill-over effects in terms of significant
productivity improvements and growth across major economic sectors.1

However,market conditions have so far appeared to be insufficient to induce abroad-
scale roll out of fiber infrastructure which is subject to high investment requirements
and risks. Therefore, identifying the right regulatory policymeasures becomes crucial.
In viewof the comparatively strict EUaccess regulation imposed on the existing (“first-
generation”) broadband infrastructure and as foreseen for emerging NGNs (Vogelsang
2014; Briglauer and Gugler 2013; European Commission 2010b), this paper examines
the following research questions: (i) what is the impact of sector-specific broadband
access regulation imposed on first-generation broadband markets and related service-
based competition on NGN investment? (ii) what is the impact of infrastructure-based
competition from mobile networks and wireline first-generation broadband networks
on NGN investment?

The empirical investigation utilizes a comprehensive and most recent EU27 panel
data set for the years from2004 to 2013 for incumbent and entrant operators2 which are
all subject to the same EU regulatory framework for electronic communications mar-
kets. The econometric estimation techniques explicitly account for the endogeneity
bias arising from the dynamic investment specification and from potential endogeneity
due to omitted heterogeneity or reverse causality. Furthermore, this paper considers all
relevant regulatory and competition variables that only have been used separately in
the empirical literature so far. In particular, the papermeasures regulation (i) in terms of
the so-called “unbundling” charge which is the most relevant wholesale access charge
in terms of migration incentives to NGNs as well as (ii) by the extent of service-based
competition that expresses the market relevance of all forms of broadband access
obligations imposed under the EU regulatory framework. In addition, the paper uses
(iii) a formal regulatory density index as a robustness variable. In a similar vein, it
simultaneously takes account of the relevant forms of infrastructure-based competi-
tion stemming from (i) mobile (wireless) networks (“intermodal”) and (ii) wireline
first-generation broadband networks (“intramodal”). Amultiplicity ofmethods in con-
junction with a broad set of control variables ensures the robustness of the results.

Section 2 reviews the recent and related empirical literature. Section 3 then outlines
testable hypotheses concerning the role of access regulation and regulatory induced

1 Although conclusive empirical evidence referring to the impact of NGN infrastructure is missing so far,
numerous studies exist for telecommunications infrastructure in general (e.g. Röller and Waverman 2001)
and broadband infrastructure (e.g. Czernich et al. 2011).
2 Whereas the term “incumbent” refers to former—mostly state-owned—telecommunications monopo-
lists of “legacy” infrastructure, the “entrant” firm refers to alternative operators either with own access
infrastructure—such as cable TV networks—or without (“service-based” operators).
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service-based competition as well as infrastructure-based competition. Section 4
describes the panel data set. Section 5 presents the empirical baseline specification
and the identification strategy. Section 6 discusses the main empirical results. Finally,
Sect. 7 summarizes and compiles relevant recommendations for future regulatory
policies.

2 Empirical evidence

Empirical literature related to the impact of broadband access regulation can be divided
into two broad categories: (i) quantitative analysis focusing on the impact on first-
generation broadband investment and adoption, and (ii) quantitative analysis focusing
on the impact on NGN investment and NGN adoption. The review starts with the older
broadband related literature where numerous empirical studies exist. Both categories
also consider empirical studies that employ measures of adoption which is sometimes
used as a proxy for investment, and because, as explicitly argued by some authors,
output-related adoption represents a better welfare measure in efficiently functioning
markets (e.g. Crandall et al. 2013).

(i) The older broadband related empirical literature is comprehensively surveyed
in Cambini and Jiang (2009, p. 571) who summarize the empirical analysis as regards
the role of the unbundling access charge as follows: “Themajority concludes that local
loop unbundling based on forward-looking cost methodology discourages both ILECs
[=incumbent local exchange carriers] and CLECs [=competitive local exchange carri-
ers] from investing in networks.” The subsequent empirical analysis on regulation and
broadband investment largely reemphasizes the results in Cambini and Jiang: Bouck-
aert et al. (2010) examine the determinants of broadband adoption based on a sample of
OECD countries for the years from 2003 to 2008. They find that infrastructure-based
competition has a positive impact on broadband adoption, whereas service-based com-
petition based on access regulation is an impediment to adoption. Lee et al. (2011)
analyze the determinants of broadband adoption for the years from 2000 to 2008.
The authors find a positive and significant effect of access obligations on the speed
of adoption. Grajek and Röller (2011) use data from EU countries and investigate the
relationship between regulation and total investment in the telecommunications indus-
try. The authors find that access regulation negatively affects both total industry and
individual firm investment. Crandall et al. (2013) utilize OECD data for the period
2001 to 2010. The authors find that unbundling access obligations have almost no
significant impact on broadband adoption in the short run but a significantly negative
impact on adoption in the long run.

(ii) Briglauer et al. (2013) are the first to investigate the determinants of NGN
investment using data for the years from 2005 to 2011. Their empirical specification
incorporates EU27 country-level data based on a small number of observations. The
authors find that the more effective service-based competition is, the more negative is
the impact on NGN investment. Infrastructure competition from cable and mobile net-
works affects NGN investment in a non-linear manner in terms of an inverted U-shape.
Bacache et al. (2014) examine the impact of multi-layer access regulation on migra-
tion from old to new access infrastructures, most notably NGNs, using investment data
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from 15Europeanmember states from July 2002 to July 2010. The authors find that the
presence ofmulti-layer access regulation does not foster entrants to self-deployNGNs.
Wallsten and Hausladen (2009) examine the effects of broadband access regulation
on NGN adoption with data from EU27 countries for the years from 2002 to 2007.
The authors find that countries where unbundling is more effective experience lower
adoption of NGN services. In turn, infrastructure-based competition exerts a positive
impact on NGN adoption. Finally, Briglauer (2014) examines the determinants of
NGN adoption for EU27 member states for the years from 2004 to 2013. The author
finds that stricter previous broadband access regulation has a negative impact, while
competitive pressure from first-generation broadband and mobile networks affects
NGN adoption according to an inverted U-shape.

Summarizing, the evidence regarding the older broadband related literature indi-
cates that broadband access regulation is negatively related to investment activities,
while the impact on broadband adoption seems to be less clear. Regarding the NGN
related empirical literature, all studies that employ NGN specific data from Euro-
pean countries find a negative impact of sector-specific access regulation and related
service-based competition on NGN deployment in terms of aggregate investment or
adoption. It appears that the results in the first-generation broadband literature carry
over even more strongly to NGN investment and adoption. Furthermore, the litera-
ture review also indicates that there are still very few contributions that utilize NGN
specific investment data. Moreover, these studies are based on a rather small sample
of country-level observations or capture only the first phase of NGN deployment,
whereas the data set available for this work accommodates a much larger number of
observations on recent firm-level NGN data.

3 Hypotheses

The testable hypotheses on the main variables of interest are deduced from the theo-
retical literature as outlined in Sects. 3.1 and 3.2. Section 3.3 describes relevant NGN
investment determinants and hypotheses on the demand and cost factors as well as the
investment dynamics.

3.1 Sector-specific regulation and service-based competition

First, this section discusses the market effects related to service-based competition
which is directly conducive to the intensity of the “treatment” of the individual
regulatory access obligations (Bacache et al. 2014). To begin with, one has to
consider expectations that are shaped on the basis of access regulation of the first-
generation broadband infrastructure. In the particular case of NGN deployment,
potential investorswill ceteris paribus expect stricter future access regulation ofNGNs,
the stricter the first-generation broadband infrastructure is regulated.3 However, rents

3 Apparently, strict regulation of first-generation broadband access does not necessarily imply strict regu-
lation of NGN access infrastructure. However, previous NGN related EC recommendations as well as court
decisions provide reasonable evidence for the relevance of expectation effects (Briglauer 2014, p. 56).
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earned from wholesale access at cost-oriented charges are lower than monopoly rents
from selling (unregulated) broadband access services to retail customers. Expecta-
tion effects thus lower net present values and hence the incentive to invest for those
operators who will most likely be subject to future fiber access regulation. Infrastruc-
ture investors might also foresee that they will be subject to a regulatory commitment
problem and to regulatory opportunism meaning that national regulatory authorities
(NRAs) have an incentive to enforce cheap wholesale access once the new infrastruc-
ture is established on a large scale irrespective of former decisions and announcements.
In turn, regulatory-induced service-based competition would lead to higher NGN
investment incentives only if service-based broadband competition leads to increases
in variety and innovation and, hence, total broadband demand. This demand increasing
effect might also increase investment incentives by incumbents if they can appropriate
profits through sufficiently high access charges (Foros 2004; Kotakorpi 2006).

Second, regarding the role of the regulated unbundling access charge imposed by
NRAs, the theoretical literature (Inderst and Peitz 2012; Bourreau et al. 2012) sug-
gests that a lower access charge for the old technology is diminishing NGN investment
by the entrant as the availability of a cheap access increases opportunity costs of the
entrant’s investment in new infrastructure. However, the literature finds countervailing
effects for the incumbent (Bourreau et al. 2012): On the one hand, the “business migra-
tion effect” suggests that a lower access charge would indirectly lead to lower retail
prices for NGN services, implying negative implications for investment incentives.
On the other hand, there is the “wholesale revenue effect”, which assumes that high
investment by the incumbent triggers high investment by the entrant, resulting in a
loss of wholesale revenues, but this loss is smaller with lower access charges. Overall,
at the firm level there is some ambiguity concerning the question whether a higher or
lower access charge is more likely to induce NGN investment by the incumbent and
hence also with respect to aggregate NGN investment.

Summarizing, the theoretical literature suggests that service-based competition and
related access regulation exert a negative impact on entrants’ investment incentives.
With respect to the investment incentives of the incumbent the overall effect is inde-
terminate to the extent that service-based competition also captures the effect of the
height of regulated access charges and induces total demand increases. Similarly,
entrants’ investment incentives are positively related to the height of the unbundling
access charge, whereas the impact on NGN investment incentives of the incumbent is
indeterminate. Note that although different investment incentives can be identified at
the firm level between regulated incumbent operators and unregulated entrants, aggre-
gate industry investment represents the main point of reference for policy makers and
the main subject of the empirical investigation.

3.2 Infrastructure-based competition

Mobile networks have become the main intermodal competitor for wireline providers
both with respect to narrowband as well as broadband services. This phenomenon
has been referred to as fixed-mobile substitution (FMS) which now exerts a crucial
impact on existing and future market structures and thus also on NGN investment
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incentives. Some of the empirical studies reviewed in Sect. 2 found a significant and
non-linear relationship between the extent of FMS and NGN investment. However, as
shown in Sacco and Schmutzler (2011), there is generally no clear prediction, since
the relationship depends on the definition of competitive intensity and the oligopoly
framework and, consequently, investments can be increasing or decreasing functions
of competition. Also, an inverted U-shaped relation, as found in Aghion et al. (2005)
in a general equilibrium framework, is not necessarily more likely than a U-shaped
relation in a partial equilibrium analysis.

In view of the first-generation (intramodal) broadband infrastructure that is
mostly based on copper-lines and “digital subscriber line” (DSL) technology of the
incumbents (legacy) as well as coaxial-cable infrastructure and hybrid-fiber tech-
nology of cable-TV network operators, one also has to consider the well-known
“replacement effect” (Arrow 1962). Accordingly, NGN investment would cannibalize
quasi-monopolistic rents on first-generation broadband services which thus represent
an opportunity cost of NGN investment. Especially, in case of a well-established
first-generation broadband infrastructure stock that enables high-quality broadband
services, the replacement effect might be substantial and thus hinder or delay NGN
investment.

Summarizing, there is no clear prediction regarding the impact of intermodal com-
petition frommobile networks on NGN investment incentives. The replacement effect
makes incumbent and entrant (cable) operators reluctant to network upgrades and gets
more pronounced the lower the (perceived) quality and profit differential between the
first-generation and next-generation broadband infrastructure is.

3.3 Demand and cost controls and investment dynamics

In addition to regulation and competition, the level and the speed of NGN investment
will also be influenced by variables related to consumer demand and (adjustment)
costs.

On the one hand, costs depend on population or household density and other demo-
graphic characteristics. Urbanization is perhaps a better measure of deployment costs
than household or population density at an aggregate (country) level, because a hypo-
theticalmove of all households to one citywould not change average household density
but would have a massive impact on average NGN deployment costs (Vogelsang 2014,
p. 3). Also, the housing structure, in particular, the number of multi-dwelling units
determines average deployment costs. On the other hand, civil engineering and con-
struction costs (including in-house wiring) represent by far the most relevant cost
drivers which will also depend on topographic region or country-specific characteris-
tics (FTTH Council Europe 2012). Finally, one has to be aware that NGN deployment
is subject to complex technical network planning and standardization, and legal issues
such as coordination with NRAs and potential access seekers, rights of way or other
allowances such as contractual obligations with house owners have to be resolved
beforehand. As a consequence, operators cannot immediately adjust their infrastruc-
ture stock to changing market conditions and it is likely that adjustment to optimal
infrastructure stocks will take place only gradually over time (Briglauer et al. 2013).
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Partial adjustment towards a long-run optimum also captures the feature of increasing
marginal costs of NGN investment which reaps “low-hanging fruits” first and leaves
“white areas” uncovered.

Demand and thewillingness to pay for NGN services first depend on the overall size
of the broadband market. Whereas traditional broadband services exhibit fairly stable
demand, NGN products still represent a premium service for most consumers and
hence aggregate demand will also depend on consumer wealth. Moreover, demand for
NGN services is driven by consumer preferences referring to ICT affinity and Internet
usage patterns on side of residential or business customers. Consumers’ needs are
also determined by their average education levels, since higher levels of education
improve e-literacy skills, which considerably increases the utility derived from NGNs
(Kiiski and Pohjola 2002, p. 302; Briglauer 2014). Whereas the above-mentioned
demand determinants drive NGN investment, consumer demand might also be subject
to switching costs. In case first-generation broadband services enjoy broad consumer
acceptance in terms of high market saturation or incremental benefits of moving to
NGN services are not large and transparent enough, switching costs might be sub-
stantial and hinder consumer migration and thus reduce NGN investment incentives
(Briglauer 2014). The higher market saturation in terms of per household or per capita
adoption of first-generation broadband services is, the lower is the remaining segment
of consumers that can be directly migrated to NGN services without having to over-
come switching costs. The latter reduce the profitability of NGN investment, since
operators have to convince largely satisfied consumers to switch via offering costly
price discounts or the like.

Summarizing, the higher deployment costs or themore unfavorable country-specific
deployment characteristics are, the lowerwill beNGNinvestment activities. Thenature
of cost factors and institutional rigidities imply a gradual (partial) adjustment process.
With respect to the demand determinants, overall willingness to pay for broadband
services, the ICT affinity of consumers and the e-literacy and internet usage level
are positively related to NGN investment. Controlling for these variables, broadband
market saturation primarily captures switching costs which hinder migration to NGN
services and thus lower NGN investment incentives.

4 Data

The EC’s “Digital Agenda Scoreboard”4 provides yearly data onwholesale broadband
access regulation as well as cable and DSL-related data for the wireline competition
variables. In addition, a regulatory density index is provided by the Swiss consult-
ing firm “Polynomics”.5 The second main source is the database of FTTH Council
Europe,6 which includes annual numbers of deployed NGN lines for incumbent oper-

4 The “Digital Agenda Scoreboard” database is available at: http://ec.europa.eu/digital-agenda/en/
digital-agenda-scoreboard.
5 Data are freely available upon request at: http://www.polynomics.ch/rdi.php. Data, however, are available
only for the years from 1997 to 2010.
6 Data are available to FTTH Council Europe members at: http://www.ftthcouncil.eu/resources?category_
id=6.
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ators and the group of entrants for the EU27 member states. EUROSTAT provides
data on population, education, housing structure and construction costs. Furthermore,
the empirical analysis uses data from “MarketLine”7 on intermodal mobile com-
petition and urbanization, International Telecommunications Union’s (ITU) “World
Telecommunication/ICT Indicators” on fixed-legacy infrastructure, and data from
“Euromonitor”8 on internet usage and ICT affinity. Finally, the World Bank’s “World
Development Indicators” provide data on GDP per capita. The empirical analysis
employs a slightly unbalanced panel data set of EU27 countries for the time range
from 2004 to 2012 for yearly data on the independent variables and from 2005 to 2013
for yearly data on the dependent variable.9

All sources and variable definitions are listed and described in detail in Table 3,
while descriptive statistics are provided in Table 4 in the Appendix. Section 4.1 and
Sect. 4.2 below describe the dependent and independent variables, respectively.

4.1 Dependent variable

The dependent variable measures the total number of NGN connections expressed
in logs, ln(NGN_total).10 The dependent variable represents real NGN investment
in physical units deployed by the group of alternative European infrastructure oper-
ators and European incumbent operators. NGN adoption represents the number of
consumers who also show a sufficient willingness to pay for at least one of the NGN
based services. The empirical analysis employs the total number of NGN adopters
expressed in logs, ln(NGN_adop), as well as the total number of deployed connec-
tions per household expressed in logs, ln(NGN_total_w), as robustness variables.

4.2 Independent variables

Broadband access regulation is measured first by the extent of service-based compe-
tition, sbc_bb, which is the ratio of regulated and actually used wholesale broadband
lines (based on “unbundling”, “bitstream” and “resale” access obligations) to the total
number of retail broadband lines. The variable sbc_bb is thus a measure of the effect
regulation has on the market by linking broadband access regulation to the corre-
sponding market outcomes (Bacache et al. 2014; Briglauer et al. 2013). Second, the
unbundling access charge, price_ull, stands for the access regulation that is most rele-
vant in view of the migration from old to new broadband networks and directly set by
NRAs. Third, a sub-index of the “Polynomics Regulation Index”, rdi_bb, provides a

7 Data are commercially available at: http://advantage.marketline.com.
8 The Euromonitor International database is commercially available at: http://www.euromonitor.com/.
9 Data availability varies randomly by country, in particular, the EC does not provide market data for
Bulgaria and Romania until 2005, which creates four missing values. Apparently, this cannot be attributed
to NGN investment activities in these countries.
10 For a definition of relevant NGN technologies the reader is referred to Briglauer et al. (2013, p. 144).
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formalmeasure of relevant EUbroadband access obligations and is used as a regulatory
robustness variable.11

Infrastructure-based competition is measured in two ways: First, intermodal wire-
less competition frommobile networks ismeasured by the extent of FMS. The variable
fms relates the total number of mobile lines to the total number of fixed lines. Sec-
ond, the variables cable and legacy measure the first-generation infrastructure stock
of cable and incumbent operators, respectively, and thus the replacement effect that is
related to the existing first-generation broadband infrastructure (intramodal wireline
competition).

Demand and cost shifters are included as control variables. GDP per capita,
gdp_pc_ppp, captures income effects. The network readiness index, nri, the num-
ber of internet users per capita, int_user, and the share of businesses using local area
networks, bus_use_lan, as well as the population with higher education level, edu,
capture the affinity with ICT and broadband services. The stock of existing broad-
band lines (in logs), ln(bb_lines), acts as a proxy for the market size and thus for
the overall willingness to pay for broadband services. Broadband lines per house-
hold, bb_lines_w, measures market saturation in terms of household adoption with
first-generation broadband services.

Regarding deployment and adjustment costs the variables wage and labcost_con
serve as cost proxies for the NGN construction costs. In addition, the empirical analy-
sis employs the percentage of a country’s urban population, urban, and the number
of building permits for multiple dwelling units, mdwell_perm, which reflect differ-
ent costs due to varying degrees of densely populated areas and housing structures,
respectively.

Finally, the empirical analysis includes period-, λt , and country-specific fixed-
effects, θi , with the latter controlling for time-invariant and unobserved heterogeneity.
Most notably, country-specific fixed-effects might be related to some of the main
cost conditions, such as topographic and demographic characteristics, regulations on
digging or different levels of (regulated) capital costs. Furthermore, demand and sup-
ply will be influenced by public subsidies, which also show only limited variation as
regards the analysis period. Conversely, the costs of fiber equipment and other material
costs are determined by global markets implying common trends in input prices which
can be captured by period effects.

5 Econometric specification

Section 5.1 first presents the empirical baseline specification, which excludes the
robustness variables and considers a market which is not in equilibrium but explic-
itly accounts for an endogenous adjustment process. Section 5.2 then describes the
estimation and identification strategy.

11 Contrary to the variable sbc_bb, the variable rdi_bb captures only the formal aspects of regulation and
not the actual effect it exerts on market outcomes. This distinction is of relevance since a certain access
regulation imposed by NRAs might exist on paper for years without any real effect on the relevant markets.
The variable rdi_bb is used as a robustness variable also because it is available only up to 2010.
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5.1 Aggregate estimation model

The dependent variable comprises NGN investment of incumbent operators and the
group of alternative infrastructure operators which allows stacking these data by coun-
try in order to fully employ the available information on the dependent variable. The
dynamic reduced-form model in which total NGN investment is expressed in logs,12

ln(NGN_total ji t ), for incumbents and the groups of entrants j , for EUmember state
i and year t , reads as follows:

ln(NGN_total ji t ) = αtotal
0 + β1sbc_bbi(t−1) + β2 price_ulli(t−1)

+β3 f msi(t−1) + β4 f ms2i(t−1)

+β5cablei(t−1) + β6cable
2
i(t−1) + β7legacyi(t−1)

+β8bb_lines_wi(t−1)

+β9 ln(bb_lines)i(t−1) + γ ′Zi(t−1)

+ θi + λt + α1 ln(NGN_total ji(t−1)) + ε j i t . (1)

The dynamic investment adjustment process is captured by including the lagged depen-
dent variable as a right-hand side regressor. If the dynamic specification is correct,
then α1 is in the interval (0; 1). Equation (1) depends on the main variables of interest,
i.e., regulation in terms of the variables sbc_bbi(t−1) and price_ulli(t−1), and com-
petition in terms of the variables f msi(t−1), cablei(t−1) and legacyi(t−1). In order to
estimate non-linear relations as regards competition variables, as seen in the empirical
literature, squared terms are also included in the baseline specification. Furthermore,
Eq. (1) incorporates market size and market saturation effects related to the first-
generation broadband market as captured by the variables ln(bb_lines)i(t−1) and
bb_lines_wi(t−1), respectively. Finally, Eq. (1) includes a vector of further demand
and cost controls, Zi(t−1), an additive error term, ε j i t , country-specific effects, θi and
period effects, λt . Note that Eq. (1) includes lagged values of all the explanatory
variables due to data availability (Sect. 4).

5.2 Estimation and identification strategy

Using dynamic generalized-method-of-moments (GMM) panel data estimation tech-
niques allows to take into account endogeneity due to unobserved heterogeneity and
the presence of the lagged dependent variable as a right-hand side variable (Nickell
1981) in Eq. (1). Moreover, the related literature suggests that there might be reverse
causality patterns between investment decisions on the one hand and regulation or
competition variables on the other hand. GMM estimators provide internal instru-
ments which appears to be a superior strategy to using external instruments in view
of a sufficient number of time periods (t = 9) and since several independent variables

12 A log transformation helps to stabilize and regularize the series of the dependent variable.
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are (potentially) endogenous.13 Whereas the difference-GMMestimator (Arellano and
Bond 1991) makes use of suitable lags of all endogenous and exogenous regressors as
instruments, the system-GMM estimator (Arellano and Bover 1995) uses additional
instruments. The empirical analysis uses the former to keep the number of instruments
as small as possible and because the regression models show only limited persistence.
Furthermore, the system-GMM estimator requires imposing an additional assumption
on initial conditions of the process generating the dependent variable and thus works
only under special circumstances (Roodman 2006).

The empirical analysis also employs a bias-corrected least-squares-dummy-
variables estimator (LSDVC) developed by Bruno (2005a, b) for dynamic unbalanced
panel data and a small number of cross-sectional units as is typically the case in
small macro panels (n = 27). Since all explanatory variables in the specifications
in Eq. (1) are lagged once, these variables can thus be considered as pre-determined
which mitigates endogeneity problems, if there is no serial correlation. In fact, pre-
determinedness is reasonable for dynamic autoregressive models such as in Eq. (1)
(Wooldridge 2002, pp. 299–300). Further endogeneity problems due to time-variant
heterogeneity should be limited in view of the large number of control variables.
However, as the LSDVC estimator requires strict exogeneity of all regressors, it is
considered to test the robustness of GMM estimation results. GMM is considered as
the main estimator, since it is specifically designed for models where right-hand side
variables are not strictly exogenous.14 Yet, against the background of the different
strengths and weaknesses of GMM and LSDVC estimators, it makes sense to employ
both in order to ensure the robustness of the results.

6 Empirical results

Tables 1 and 2 below show the main estimation results based on the model specifi-
cation in Eq. (1). All standard errors reported are robust and permit arbitrary forms
of heteroscedasticity and autocorrelation in the ε’s for GMM and are bootstrapped
for LSDVC models.15 As regards the GMM estimator, all regulatory and competition
variables as well as the lagged dependent variable are treated as endogenous. The
Arellano-Bond one-step estimator is the more efficient alternative in case of estima-
tion in small samples and even in the presence of heteroscedasticity (Bond 2002).
Since GMM estimators incorporate the assumption that the idiosyncratic errors of
the untransformed specification are uncorrelated across units, the estimations include
period effects in all GMM estimations reported in Tables 1 and 2 to prevent the most
likely source of cross-correlation, i.e., contemporaneous correlation (Roodman 2006,
pp. 26–36). The key identifying assumption underlying the GMM estimator is that the
error terms in the original specification are serially uncorrelated and hence the speci-

13 All main explanatory variables as listed in Table 3 in the appendix as well as the demand control variable
bus_use_lan are specified as endogenous in the GMM regressions.
14 Another advantage of the GMM-difference estimator is that non-stationarity in aggregate time series
can be typically removed by first differencing the series. This is an important feature, since panel unit root
tests assume large t .
15 Stata 12.1 is used to estimate the regressions.
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Table 2 LSDVC and GMM Regression results (Dep.var.: ln(NGN_total j i t ) in regr. (1) to (3);
ln(NGN_adop jit ) in regr. (4) to (5))

Regression nr. (1) (2) (3) (4) (5)
Full_
LSDVC

Full_i
LSDVC

Final_
LSDVC

Full_adop_
GMM

Full_adop_
r_GMM

Dep.var ji(t−1) 0.5593*** 0.5513*** 0.5752*** 0.3378*** 0.3632***

(13.03) (12.86) (14.12) (4.33) (3.94)

Dep.var ji(t−2) −0.0239 −0.0543

(−0.64) (−1.44)

sbc_bbi(t−1) −2.3861* −3.8625** −2.3495* −2.3110** −2.4204**

(−1.93) (−2.51) (−1.88) (−2.27) (−2.06)

price_ulli(t−1) −0.0182 −0.0502 −0.0207 0.0153

(−0.40) (−1.06) (−0.48) (0.34)

i_ull_price_shi(t−1) 0.3112*

(1.77)

rdi_bbi(t−3) −0.0007

(−0.00)

f msi(t−1) −0.4770 −0.3395 −0.5590 −1.4494*** −0.8625

(−0.64) (−0.44) (−0.78) (−2.66) (−1.38)

f ms2i(t−1) 0.0048 0.0006 0.0136 0.0629** 0.0258

(0.09) (0.01) (0.26) (2.10) (0.71)

cablei(t−1) -6.3010** −4.9659 -6.5407** 1.9997 −2.4592

(−2.06) (−1.59) (−2.46) (1.06) (−0.60)

cable2i(t−1) 8.6867*** 7.5363*** 9.3140*** 4.9203*

(3.44) (2.95) (3.92) (1.65)

legacyi(t−1) −0.1629*** −0.1523*** −0.1590*** −0.0694 −0.0444

(−2.83) (−2.60) (−2.93) (−1.42) (−0.83)

bb_lines_wi(t−1) −14.1515** −15.0065** −11.5538** −10.3747* −14.6078***

(−2.45) (−2.56) (−2.46) (−1.94) (−2.65)

ln(bb_lines)i(t−1) 1.6169*** 1.1272* 1.5364*** 0.4257 0.7765*

(2.96) (1.92) (4.55) (1.14) (1.67)

bus_lani(t−1) 0.1819 0.3788

(0.09) (0.19)

gdp_pc_pppi(t−1) 0.0002*** 0.0002*** 0.0002*** 0.0001*** 0.0001***

(2.82) (3.11) (3.34) (3.72) (3.72)

int_useri(t−1) 1.3606 1.7563 4.1802** 2.9389*

(0.43) (0.56) (2.28) (1.92)

nrii(t−1) 0.4124 0.4214

(0.64) (0.65)

edui(t−1) −0.0049 −0.0049 0.0069** 0.0109***

(−1.05) (−1.05) (2.37) (3.25)
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Table 2 continued

Regression nr. (1) (2) (3) (4) (5)
Full_
LSDVC

Full_i
LSDVC

Final_
LSDVC

Full_adop_
GMM

Full_adop_
r_GMM

mdwell_permi(t−1) −0.0005 −0.0007

(−0.48) (−0.63)

wagei(t−1) −0.3308** −0.3678** −0.3741** −0.2395* −0.2098

(−1.99) (−2.21) (−2.24) (−1.67) (−1.56)

urbani(t−1) 0.9511*** 0.8840*** 0.9929*** 0.7146*** 0.9322***

(3.78) (3.40) (4.95) (3.48) (3.60)

Year dummies NO NO NO YES YES

Constant −48.3668*** −70.4924***

(−3.04) (−3.40)

chi2 799.5048 729.7756

AR(1) test −1.6815 −1.8673

AR(2) test −1.4311 −1.2170

Hansen test (p-value) (1.000) (1.000)

Observations 480 480 480 422 422

t-statistics reported in parentheses are robust to heteroscedasticity and autocorrelation within panels in
GMM estimates. In regr. (4) to (5) endogenous variables in first differences are instrumented with their own
lagged levels. Note that using ln(NGN_adop jit ) as the dependent variable involves six additional missing
observations (compared to GMM regr. using the dependent variable ln(NGN_total j i t ). All regressions
include country-specific fixed effects. GMM estimations in regr. (4) to (5) also include period effects, which
are not included for LSDVCestimations, because theywere jointly insignificant. For theArellano-Bond tests
for autocorrelation (AR(1) and AR(2)) and the Hansen test of over-identifying restrictions, test statistics and
p-values, respectively, are reported. The LSDVC standard errors in regr. (1) to (3) are bootstrappedwith bias
correction initialized by the Arellano and Bond estimator. Note that there are no standard post-estimation
tests available in STATA for the user written “xtlsdvc” command (Bruno 2005b).
* p < 0.10, ** p < 0.05, *** p < 0.01

fication in Eq. (1) is dynamically complete. For all GMMmodels reported in Tables 1
and 2 the Arellano-Bond (AR(1) and AR(2)) tests for zero autocorrelation in the
first-differenced errors reject at order 1 but not at order 2 at conventional levels. This
implies, most importantly, that there is no evidence for serial correlation in the orig-
inal error. Finally, the Hansen tests do not suggest rejection of the over-identifying
restrictions in all GMM models and the Wald tests (chi2 statistics) indicate a high
significance of all model regressors in all specifications.

6.1 Main results

Table 1 shows the main regression results for alternative specifications as regards reg-
ulatory variables, normalization of the dependent variable—ln(NGN_total_w j i t ) is
used in regr. (6) instead of ln(NGN_total ji t )—and selection of control variables
(regr. labeled “Full” and “Final”). Whereas “Full” indicates the inclusion of all avail-
able control variables, insignificant or the least significant demand and cost controls
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210 W. Briglauer

are excluded in “Final” regressions. The regression estimates discussed below are
robust in light of these differences in model specifications.

To begin with, Table 1 shows that the coefficient of the lagged dependent variable,
α1, is highly significant and substantial in all regressions (including those in Table 2)
showing that the dynamic specification is adequate. The coefficient estimates range
from 0.2234 to 0.4142 across the different GMM regressions in Tables 1 and 2 which
is in line with the hypothesis outlined in Sect. 3.3. Coefficient values between 0 and
1 indicate that there are adjustment costs underlying the NGN deployment process
but deployment towards the long-run desired infrastructure stock takes place. The
coefficients for the long-run (static) relationships can be derived from the dynamic
model as βk/(1 − α1) and γl/(1 − α1). Hence, ignoring costs of adjustment, the
long-run coefficients of the static representation show substantially higher absolute
values.16

Regarding the group of regulatory variables, one first infers from Table 1 that
the negative impact of service-based competition dominates at the aggregate invest-
ment level. The coefficient of the variable sbc_bbi(t−1) is significantly negative in all
model specifications (including those in Table 2). Furthermore, the economic impact
is substantial, as the estimates indicate that an increase in the intensity of service-
based competition by 1 percentage point, decreases total NGN investment at least
by ∼1.58 % and up to a maximum of ∼5.30 %. This strongly supports the hypoth-
esis outlined in Sect. 3.1, according to which stricter access obligations diminish
aggregate NGN investment incentives as the specifications explicitly control for a
potential demand expanding effect via the market size variable ln(bb_lines)i(t−1) in
regr. (1) to (6). In regr. (2) the regulatory robustness variable, rdi_bbi(t−3), is used,
and the variable sbc_bbi(t−1) is dropped. It appears that the formal regulation index
picks-up well the effect of service-based competition, suggesting also that the latter
captures access regulation adequately. The access charge in terms of the unbundling
variable, price_ulli(t−1), however, is insignificant in all specifications (including those
in Table 2). This might be due to the opposing firm-level investment incentives as iden-
tified in the theoretical literature (Bourreau et al. 2012) but is likely also due to the
low degree of variation in the variable price_ulli(t−1). In particular, as Bacache et al.
(2014, pp. 205–206) point out, there are only a very few unbundling access charge
increases imposed by NRAs in the past which makes identification of the overall
effect difficult. In order to circumvent this problem, additional variation can be intro-
duced by referring to a measure that captures the extent of the unbundling regime.
Accordingly, the interaction term, i_ull_price_shi(t−1), combines the unbundling
charge, price_ulli(t−1), with the respective unbundling market share, ms_ulli(t−1).
The latter is bound between 0 and 1 where the upper limit indicates that all retail
broadband connections are offered via unbundling. From regr. (4) and (5) one infers
that the coefficient estimate of the main term price_ulli(t−1) is still insignificant, but
the interaction term now shows a significantly positive impact that increases with a
higher unbundling market share. Evaluated at the grand mean, ms_ull(average) ∼ 0.1
(Table 4), this implies that an increase in the unbundling price by one unit (1e)

16 Subsequently, the discussion of the estimates focuses only on their short-run impacts.
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increases NGN investment in the range between 2.9 % (regr. (4)) and 6.4 % (regr.
(5)).

Regarding infrastructure-based competition from cable ( cablei(t−1)) and mobile
( f msi(t−1)) operators, one only finds weak evidence for a non-linear relation as found
in the previous literature. It appears that intermodal competition exerts a negative net
impact for all values of the variable f msi(t−1), whereas the net effect of intramodal
cable competition on NGN investment is more ambiguous. This is opposed to the
impact of the first-generation broadband infrastructure stock of the incumbent oper-
ator, legacyi(t−1), which shows a significantly negative impact on NGN investment
throughout. The different effects might be due to the substantial cost differences in
upgrading first-generation broadband technologies. In particular, migration from old
to new infrastructure is much more costly for incumbent than for cable operators.
For the latter low upgrading costs open-up the potential of migrating the existing cus-
tomer base toNGN serviceswith higher average revenues resulting in amore favorable
profit differential. Furthermore, the variable legacyi(t−1) presumably also captures the
incumbent’s opportunity costs related to the wholesale revenue effect (Bourreau et al.
2012) which does not exist on side of the unregulated cable operators. This interpre-
tation is also consistent with the finding of a positive net impact of the unbundling
charge on NGN investment in regr. (4) and (5).

Regarding the impact of the controls, there are strongly countervailing and sig-
nificant effects related to the variables bb_lines_wi(t−1) and ln(bb_lines)i(t−1). As
outlined in Sect. 3.3, the former is supposed to capture switching costs, since other
demand variables already control for ICT affinity, e-literacy and Internet usage of busi-
ness and residential customers (bus_lani(t−1); int_useri(t−1); nrii(t−1); edui(t−1))

and hence the negative coefficient of bb_lines_wi(t−1) is expected. Likewise, the pos-
itive coefficient estimate of the variable ln(bb_lines)i(t−1) is expected, as it captures
the overall broadband market size and thus willingness to pay for broadband services
in general. Please note that the variables bb_lines_wi(t−1) and ln(bb_lines)i(t−1) are
correlated with the variables legacyi(t−1) and cablei(t−1) to some extent, however,
dropping the latter does not change the impact of the former as shown in regr. (5).With
respect to cost controls, the variableswagei(t−1) and urbani(t−1) show expected signs
and significant coefficient estimates and apparently capture best deployment costs and
topographic deployment conditions.

6.2 Further robustness specifications

This section presents additional estimations to examine the robustness of the main
estimations results depicted in Table 1. The robustness tests refer to (i) an alternative
estimation technique (LSDVC instead of GMM) and (ii) an alternative specification
of the dependent variable (ln(NGN_adop jit ) instead of ln(NGN_total ji t )).17

17 The Hansen tests reported in Table 1 imply a perfect p-value of 1, which indicates that instrument
proliferation might reduce the ability of the test. Therefore, the number of instruments is further restricted
by reducing the maximum number of lags to two and by using the “collapse” option in STATA’s “xtabond2”
command. The results (available upon request) show that the results are also robust towards the choice of
the lag specification and the number of moment conditions.
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Table 2 reports the results for LSDVC estimations in regr. (1) to (3). It appears that
the findings with respect to the lagged dependent variable and different specifications
of the regulatory and competition variables are robust. Using NGN adoption as an
output related dependent variable in GMM estimations in regr. (4) and (5) shows that
the basic structure of coefficient estimates remains the same.18 Hence, the negative
impact of access regulation on NGN investment also transfers to NGN adoption as
evidenced by the previous literature. This suggests that the negative impact on invest-
ment dominates the positive impact of regulation on adoption via lowering retail prices
(Briglauer 2014). Also in linewith the previous literature is the finding that some of the
demand side variables, such as int_useri(t−1) and edui(t−1), appear to be of particular
importance for NGN adoption.

7 Summary and conclusions

This work identifies the impact of EU access regulation and competition on NGN
investment using a recent and comprehensive panel data set for EU27 member states
and multiple estimation methods that enable robust inference in order to truly inform
the ongoing policy debate in Europe (and elsewhere). The paper finds strong evi-
dence that previous broadband access regulation imposed on first-generation (legacy)
infrastructure exerts a significant and negative impact on aggregate NGN investment.
This effect can be found for the height of the relevant access charge (unbundling) as
well as for regulatory-induced service-based competition that is directly contingent
on wholesale access regulation. These findings correspond well with the previous
empirical and theoretical literature.

As regards the impact of infrastructure-based competition from mobile and cable
networks the results are inconclusive and do not exhibit a clear non-linear impact
as found in the related empirical literature. The latter might result from the fact that
polynomial terms show good in-sample fit but lower out-of sample validity. However,
the paper finds strong evidence that the incumbent’s legacy infrastructure is subject to
a replacement effect which is not the case to the same extent for the first-generation
infrastructure of cable operators.

Regarding the impact of demand and cost-side factors, the results show that the size
of the first-generation broadbandmarket has a very strong and positive impact onNGN
investment incentives, whereas a highly saturated broadband market involves strong
switching costs that hinder migration to NGN services. Regarding the cost side, the
paper finds that the level of urbanization appears to be a highly important determinant
of NGN investment which is also subject to significant adjustment cost.

Whereas most of the explanatory variables represent market driven outcomes or
country-specific conditions, regulatory variables represent discretionary policy deci-
sions of the EC and NRAs. As the results indicate, strict access regulation not only
exerts a significantly negative but also a highly substantial impact on aggregate NGN

18 Regressions (4) and (5) also include the twice-lagged dependent variable because the AR(2) tests indi-
cated model misspecification in the original estimation. As the coefficient of the twice-lagged dependent
variable is insignificant, the condition for dynamic stability is fulfilled.
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investment, which should be taken under careful consideration in future regulatory
decision making. According to the results and in line with the vast majority of the
related literature, deregulatory approaches imposed on first-generation infrastructure
lead to an increase in NGN investment. Only if the relevant counterfactual to deregu-
lation results in monopolistic NGN market structures in countries without substantial
intermodal or intramodal competition, NGN access regulation remains appropriate.
US experience indicates that an almost nation-wide infrastructure duopoly can be
sufficient to ensure competition and trigger investment (Cave 2014).

The empirical results also point to the classical trade-off between static and dynamic
efficiency: While regulation and competition in first-generation broadband markets
benefit the consumers of those services in terms of lower prices, they also hinder NGN
investment. As a consequence, policy makers should focus on dynamic efficiency and
incentivize NGN investment in case positive externalities of first-generation broad-
band infrastructurewill carry over toNGN infrastructure sufficiently, such that societal
benefits exceed total NGN deployment costs. As indicated in the introductory section,
there is no related econometric evidence on the welfare implications of NGN deploy-
ment available so far. Moreover, future empirical research should also provide more
direct tests of the differential investment incentives and strategic effects at the firm
level as predicted by the theoretical literature.
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comments aswell asDeutscheTelekomAG for co-funding a previous and related research project and to Tim
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Conference in Brussels, the HFM-Workshop “Wettbewerb und Regulierung im Internet” in Hamburg and
at the 7th Annual CRNI Conference in Brussels.

8 Appendix

See Tables 3 and 4.
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Table 4 Summary statistics

Variable Obs Mean SD Min Max

NGN_total 270 2,072,843 4,706,856 1 3.75e+07

ln(NGN_total) 270 10.63032 5.608084 0 17.43946

NGN_total_w 270 .1315215 .1648317 1.21e−08 .7351943

ln(NGN_total_w) 247 −5.789674 5.302496 −18.22869 −.4238326

NGN_adop 270 316,400.6 668,623.5 1 5,144,100

ln(NGN_adop) 270 9.32781 4.685692 0 15.45336

bb_lines 267 3,723,236 5,769,546 13,738 2.80e+07

bb_lines_w 267 .1904645 .0973223 .0023487 .4044925

cable 254 .2157732 .1649066 0 1

sbc_bb 239 .194315 .197063 0 .9705678

price_ull 239 11.72037 4.383839 5.34 42

ms_ull 239 .1014437 .1406279 0 .6772212

i_ull_price_sh 254 1.112611 1.496397 0 7.07019

legacy 243 40.88424 12.98943 15.98503 66.38055

fms 269 3.375306 1.669958 1.2819 10.9396

rdi_bb 243 .6995885 .322663 0 1

bus_use_lan 270 .7118741 .1566787 .231 .996

int_user 270 .6368203 .1846024 .1500006 .951

edu 243 68.96461 13.13021 26 86.6

gdp_pc_ppp 243 29,783.69 13,548.51 8730.803 89055.8

mdwell_perm 243 161.4842 134.003 12.54 913.39

wage 269 11.06208 7.875111 .8 38.7

labcost_con 243 95.7 14.85244 39.8 134.7

urban 270 72.43043 11.89043 49.4118 97.4945
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