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Summary

This master thesis presents a study on the rollout of optical fibre by major broadband roll-out companies
in the Netherlands. Therein, it highlights the distinction between urban and rural areas and brings forth
two major methods of analysis. Its main aim is to understand the characteristics of rollout through both
a logistic regression on readily available statistics and a geo-spatial analysis on the relation between
spatial clusters of houses connected to fibre.
Broadband internet is often seen as a key technology in the future of our current society. Among its
benefits are GDP growth, enhanced welfare, the attraction of knowledge intensive firms and
improvements in workflow efficiency. By some it is even regarded as a General Purpose Technology
(GPT). The European Commission strives for a 100% penetration of 30 Mbps for European households
by 2020 and 100 Mbps by 2025. In the Netherlands a 30 Mbps coverage of over 97% has already been
attained and its government aims at a fixed 100 Mbps connection for all households by the year 2023.
This goal can be achieved through incremental upgrades of the existing infrastructure. Yet optical fibre
is often regarded as the medium of choice, as it is seen as more future proof, due to its high up- and
downstream capacity. Next to that, in comparison to copper and coax connections, fibre cables can
cover larger distances, suffer less from external (electromagnetic) distortion and are not affected by
corrosion. With these benefits, fibre can be seen as an innovation on previous broadband technologies.
The Netherlands currently has a fibre penetration of over 29%. This figure is highest in urban areas,
while rural areas appear to lag behind significantly in both fibre penetration and broadband speed. For
rural houses the fibre penetration level is about 15%, while it is 30% for urban houses. Such a gap in
technological development between different types of locality is feared to lead to a digital divide. In
such a digital divide, rural areas would be behind in terms of wealth, because these areas did not receive
the technological development which urban areas did receive. Nonetheless, small local initiatives in
rural areas are taking up this challenge and different cooperatives focus on rollout in rural areas
specifically.
The Dutch fibre penetration has seen a considerable growth in the past decade, yet it appears to have
come to a sudden slowdown in the past few years. This slowdown has been attributed to the takeover
of Reggefiber by KPN. After the takeover, KPN has not maintained the ambitious rollout rate of
Reggefiber. The incumbent argues that copper cable upgrades to newer standards of VDSL can yield
similar benefits in speed with only marginal investment. Next to KPN, other companies, cooperatives
and local initiatives are still rolling out fibre in the Netherlands.
Despite the potential benefits, uncertainties in the costs, the market and demand tend to keep investors
away from the investment in fibre infrastructure. Firstly, the cost of the physical deployment of fibre
tend to vary considerably and require a substantial investment. Secondly, policy on the liberalized
telecommunications market, and competition and substitutability of other broadband technologies
discourage investment in fibre as well. Thirdly, adoption is also expected to play a significant role, since
it is infeasible to deploy fibre in a region with a low adoption rate.
The analysis here has first modelled the penetration of fibre to the home (FttH) connections in the
Netherlands according to these three themes of uncertainty. A logistic regression model has been fitted
on a dataset on fibre connectivity of around 8 million households. Mostly major rollout companies have
been included in this dataset, therefore the results here generally characterize the rollout strategy of the
major companies. This has been appended with datasets from a variety of open sources that function as
proxies for the investment uncertainties. The results of the regression show that both rural areas and
industrial parks are less likely to receive a fibre connection, while urban areas tend to suit the rollout
strategy better. Next to that, costs do indeed significantly appear to play a major role, as distances
between connection points, low quality ground and obstacles, like trees and water bodies, negatively
impact the likelihood of fibre rollout. In terms of market uncertainty, the results show that coax cable
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is a sophisticated competitor of fibre, as the presence of a coax connection significantly reduces the
chance of fibre rollout in that area. Moreover, higher age groups have a negative effect on the rollout
of fibre. For the social effects of income, education and multiculturality, opposite effects have been
observed for rural and urban areas. This indicates a difference in demand groups between these areas.
However, at a geographically more abstract level, most of these social effects become insignificant.
Despite the reasonable fit of the regression model, prediction of fibre rollout does not allow the model
to yield concrete results. Yet, it does highlight a preference for medium-sized cities, it marks the centres
of big cities as unfavourable, and it highlights that CIF’s rollout in the Overijssel province deviates
from the general rollout strategy.
To further understand the rollout, spatial dimensions have been considered as well. Both the global and
local Moran’s I have been used here as statistics to describe spatial clustering. From these statistics it is
shown that fibre rollout in the Netherlands appears to cluster on a neighbourhood level. This means that
rollout in the Netherlands is not a random process and is majorly project-based. Cases of randomly
dispersed fibre rollout are thus rare. The local spatial statistics reveal even more dynamics of rollout. It
appears that fibre rollout tends to cluster and that clusters themselves start clustering together. These
results can also indicate where fibre can be expected to be rolled out next, if the logic of spatial diffusion
is assumed. These clusters and their LISA classification allow for a better exploration of the dynamics
at play here. For the city of Eindhoven, the rollout has even been studied using both a spatial and
temporal dimension. Here it is observed that fibre rollout indeed spreads spatially to neighbouring
regions merging different clusters together. Moreover, areas which barely have any residential
characteristic, like recreational parks, do not appear to be a barrier for passing on rollout to
neighbouring regions.
The logistic regression reveals how local characteristics of an area itself determine its affinity with fibre
rollout, and the spatial results show how spatial relations between areas characterize it in terms of
rollout. Using the same independent variables on the investment uncertainties in a logistic regression
with spatial LISA classifications as the dependent variable, results have been obtained that characterize
these cluster classifications. It shows why neighbourhoods without fibre connectivity do not belong to
neighbouring clusters of fibre connectivity yet. In comparison to their direct neighbours, these
neighbourhoods generally have longer distances to the next house and to the backbone or have a
different locality.
These results have different implications for the government, the consumer and the market. For the
government it shows in what type of areas investment might be required and how local characteristics
might be utilized to raise the incentive for fibre investment. Allowing fibre cables to be deployed less
deep, could achieve this. For private and enterprise consumers it maps out into what type of areas one
should relocate and whether a consumer can expect fibre to be deployed in a region or if an initiative
should be started. For the market it reveals different rollout opportunities and brings up different
possible business cases.
One main takeaway of the spatial results is that besides regular regression effects, spatial diffusion and
relations of fibre should not be left unconsidered when it pertains to research on rollout. If more
broadband connectivity data were available on both a spatially detailed and a temporal level, then it
could move the research on broadband policy into a new direction.
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1. Introduction

Along with the growth of supply and demand for digital content and services comes the need for a
proper infrastructure to support such a development. Broadband connectivity is an important driver for
innovation from various perspectives. Fransman (2008) defines the New ICT Ecosystem, consisting out
of interactions between network element providers, network operators, final consumers, and providers
of platforms, content and applications. To facilitate the demand of consumers and the supply of services
by the latter group of these four, network operators and network element providers have to fulfil a key
role in maintaining this ecosystem through the provision of broadband internet. Broadband internet is
often regarded as a driver for economic growth and innovation, so a continuance of such support is of
high importance for the sustainment of our current society. In that, broadband technology has been
characterized as a General Purpose Technology (GPT), since it is pervasive throughout the economy
and enables increased productivity, opportunities and development for different sectors (Prieger, 2013;
Rohman & Bohlin, 2012; Tranos & Mack, 2016). The European Commission has also recognized this
need for a future-proof internet infrastructure, as the Commission intends to turn Europe into a Gigabit
Society. In order to achieve this, the Commission strives for a 100% broadband penetration of at least
30 Mbps throughout Europe by 2020 and 100 Mbps by 2025 (European Commission, 2010a,
2018). One of the leading European countries with regards to broadband penetration is the Netherlands,
as the country already had a fixed (non-wireless) 30 Mbps broadband coverage of 97% in 2015
(Ministerie van Economische Zaken, 2016).
This was initially a transition to what is called a Next Generation Access (NGA) network, which is
expected to be capable of carrying the future capacity of high bandwidth internet usage. The European
Commission (2010b) defined NGA networks as fixed networks with a high throughput (≥30Mbps), but
the definition sometimes singles out Fibre-to-the-X (FttX) solutions, in which a part of the network is
optical fibre (Davies, 2015). Academics in the field also regularly depict fibreglass as the physical
medium of choice for NGA networks (Telecompaper, 2017). Yet, in the newly proposed European
Electronic Communications Code, the European Commission aims beyond NGA, whilst the focus is
shifted to Very High Capacity (VHC) networks which provide “peak-time” performance (European
Commission, 2016).
Following this, several fibre networks have been rolled out in the Netherlands over the past decade.
However, over the last few years the growth in fibre network rollout in the Netherlands appears to
stagnate, especially since KPN has acquired Reggefiber, formerly one of the major fibre infrastructure
investors (Telecompaper, 2017). One main reason which might explain this decrease in growth is that
the large Dutch network operators, i.e. KPN and Ziggo, have prioritized incremental improvements of
the existing copper and coax cable infrastructure over the rollout of new Fibre-to-the-Building (FttB)
connections (Bremmer, 2017; Ziggo, n.d.-b). With upcoming standards, such as G.Fast and
DOCSIS3.1, existing cable connections can be upgraded to download speeds of 100 Mbps and above
(Brennenraedts et al., 2016). Yet, fibre has some additional technical advantages over these incumbent
broadband technologies, such as the high bandwidth symmetry between upload and download speeds.
These higher upload speeds are expected to enable upcoming technologies, such as real-time
applications and streaming.

1.1 Problem description

The current situation has left the Netherlands fragmented with regards to the local distribution of
internet speeds and broadband coverage. In Riddlesden & Singleton (2014) it is discussed that such a
hiatus in coverage between regions can result in social inequalities. This effect has already been
demonstrated between countries, as several countries have large advantages in terms of digital
infrastructures in comparison to others. But as described by the authors this also occurs at a more local
level within countries. There are a number of assumed advantages and economic benefits that are
attributed to broadband internet, such as economic growth, employment growth, and innovation
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(Deloitte, 2017; Katz, 2012). Given these advantages, such a hiatus between digitalized and lessdigitized regions is referred to as the “digital divide”, where rural areas will lag behind urban areas in
terms of economic development, digital access and digital adoption.
In the Netherlands, not all regions appear to be areas of interest for major rollout parties. The rollout of
broadband networks like fibre is initiated by parties at different levels. The variety of actors engaging
in rollout from different power positions can create complex dynamics. Whereas incumbent network
operators like KPN and Ziggo dominate the market, there are several other collaborations between
different parties, such as municipalities and local cable providers, rolling out fibre at different project
scales. Given the absence of these major parties on some of the rural markets, several bottom up
initiatives are rolling out at a local scale. Yet the success of these initiatives differs widely (Salemink
& Strijker, 2016). Given the low incentive to invest in broadband infrastructures and the uncertainties
that surround the investments in fibre, it can lead to market failures (Katz, 2012).
The said digital divide and the lack of investment are not easily solved by some minor policy
intervention, as it is policy itself which also complicates the situation. Since the telecom industry has
been privatised, the government is not allowed to just intervene with the current market. One major
policy aspect plays a role here, i.e. European law on state aid. As several government bodies would
generally move to step in and address this rollout problem, this road is often limited by European
regulation on state aid.

1.2 Aim and scope of the research

The literature on broadband policy and economics tends to use a variety of terms regarding the
development of broadband. Among these are the adoption (Dwivedi & Lal, 2007), provision (Tranos &
Mack, 2016), penetration (Fourie & De Bijl, 2017), rollout (Oughton & Frias, 2017) and deployment
of broadband (Briglauer, Ecker, & Gugler, 2013). To clearly distinguish between these terms in this
thesis, the terms will be used here as follows. Adoption of broadband only implies that a consumer has
subscribed for a connection, and the terms penetration and provision will refer to the current share of
houses where a connection is present regardless of it being used or not. The terms rollout or deployment,
on the other hand, will be used to refer to the actual action and process of diffusing broadband
connections to a certain area by the means of a directed project. Thus, the first three terms are static in
nature, whereas the latter two imply a dynamic characteristic. This thesis will mostly focus on the
dynamic characteristics and with that three main bodies in the literature on broadband policy will be
addressed.
Firstly, the published literature on broadband rollout mostly presents research which features proxies
for broadband penetration (primarily speed and connection type) as an independent variable. It uses
broadband to explain its benefits, such as economic growth, increase in employment (Katz, 2012) and
indirect benefits in digitalization of industries through teleworking (Van Der Wee, Verbrugge,
Sadowski, Driesse, & Pickavet, 2015). Besides that, broadband penetration has also been researched in
relation to corporate broadband and knowledge intensive firms (Mack, Anselin, & Grubesic, 2011;
Sadowski, Strik, Bashir, & Nomaler, 2015; Strik, 2014).
The second body of literature focuses on broadband adoption. Therein, demographics tend to play a
major role for broadband subscription (Flamm & Chaudhuri, 2007; Quaglione, Agovino, Berardino, &
Sarra, 2018). As mentioned above, adoption is not the same as rollout, but adoption does play a role in
the demand side of broadband rollout. Research that has been carried out on local broadband initiatives
comes up with several recommendations and key factors which are said to influence the eventual
success of a bottom up initiative (Gerli, Wainwright, & Whalley, 2017; Salemink & Strijker, 2016). Yet
these factors are context dependent and might differ across individuals. Furthermore, they are more
applicable to initiatives themselves and are largely based on qualitative observations.
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Thirdly, there is a small section of telecommunication literature which takes spatial relations into
account. This has largely been approached exploratively and to evaluate whether knowledge intensive
firms cluster around areas of broadband availability (Grubesic, 2006; Mack et al., 2011). Despite the
assumed importance of spatial location, this topic has remained largely unaddressed in the major part
of the literature (Oughton & Frias, 2017).
The interest of this thesis contrasts the first body of literature in that it regards broadband penetration
as a dependent variable. Herein, there will be a particular focus on high bandwidth network technologies
for their capability of carrying bandwidth capacities of future applications. In this case fibre will be the
targeted technology, as it is expected to tailor to future demands in the long term. The analysis will
largely focus on the distinction between rural and urban areas, in relation to the digital divide, explained
above. Another reason to focus on this distinction is that broadband rollout in urban areas appears to be
less active and often reaches high speeds already, in comparison to rural areas. This is due to the high
availability of cable and copper connections in combination with the dominance of KPN and Ziggo in
urban areas. The second body of literature will be used to explain the current level of penetration of
broadband in the Netherlands. However, in this thesis the situation will be explored from a more
quantitative angle in which claims can be made that are to be generalized over larger regions on the
basis of readily available empirical data. This might explain whether straightforward factors that
constitute investment costs, demand and competition can explain successful fibre areas in the Dutch
situation. Moreover, it might also indicate which areas in the Netherlands are most obvious or essential
to be invested in in the near future. Given the spatial nature of the penetration data, this thesis will
contribute to the third body of literature in that it will approach the rollout situation from a spatial
perspective. In that it will move the focal point of the analysis from explaining penetration to explaining
rollout. Altogether, this leads to the main research question:
What characterizes the rollout of fibre in rural, in contrast to urban, regions of the Netherlands and
how can hard measurable facts contribute to this?
These hard measurable facts will be categorized in demand uncertainty, market uncertainty and the
techno-economics of fibre. Demand uncertainty will be proxied by demographics and regional socioeconomic characteristics. The techno-economics of fibre and market uncertainty have already been
reported to be main factors that influence broadband deployment, in terms of topography and the
presence of alternative infrastructures (Bourreau et al., 2017, p. 8). This topography partly represents
a proxy for physical costs. The main analyses that will underlie the answering of the questions posed
here will be a modelling of these uncertainty factors into a logistic regression and a spatial analysis,
with fibre availability as a dependent variable.
Sub-questions underlying the answer of this main research question will be:
1. How do the characterisation of locality (i.e. rural and urban) and local geophysical
characteristics influence rollout of fibre networks throughout the Netherlands?
To understand the main characteristics of rollout in the Netherlands, it will help to explore how the
deployment of fibre optics networks is distributed over the country. Seeing whether there is a large
difference to be observed between rural and urban areas and how local geophysical characteristics
interplay with rollout projects will give a better insight in the situation. This can also help understand
the different types of rollout regions. These aspects are mainly explored from a techno-economics angle,
in terms of physical investment costs.
2. How is the rollout of fibre networks affected by uncertainty in the telecom market?
Policy on mandatory access and state aid is based on the principles of a liberalized telecom market.
These policies expect innovation to happen through competition, even though literature shows that these
policies might also hamper innovation. But as is stated by Fourie & Bijl (2017, p. 4) consumers rather
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choose for quality of service instead of a specific connection type. So, the question is whether there is
a substitution effect among connection types and how that affects the presence of fibre. If a substitution
effect is present, then this might influence competition and the share of substitutes might positively
affect broadband performance in a specific area.
3. How does demand uncertainty of areas define the suitability of fibre rollout?
User demand is also expected to play a role and is often proxied in terms of level of education and
income (Flamm & Chaudhuri, 2007; Quaglione et al., 2018). In the literature this aspect is referred to
as the adoption of broadband. Many fibre-rollout initiatives also have projects which rely on demand
aggregation, as they only initiate the project once a certain threshold of demand has been reached.
Therefore, socio-economic categorizations of areas can also result in a better distinction of rollout areas
than just rural against urban.
4. To what extent can the relation between geo-spatial locations of houses play a role in the rollout
of fibre?
Analyses of static variables appear to be common in broadband research. But since there is a spatial
dimension involved as well, some academics stress the importance of looking at the spatial relations as
well. Given the larger and more detailed availability of spatial data and the rising variety of available
tools for spatial analyses, the spatial analysis will further enrich the perspective of policymakers on the
broadband situation as different dynamics can come to the fore (Mack & Maciejewski, 2015).
5. What are the implications of these hard measurable facts on the road to the European and
Dutch broadband goals in the Netherlands?
This all leads to the implications that the eventual results of this thesis can have on society and
innovation policy. Eventually the results might give new insights in how to achieve the European and
the Dutch goals of high bandwidth broadband coverage in the Netherlands. Based on that, governments,
the telecom market, the consumers and researchers can get an enhanced perspective on the rollout
problem.
The structure of this report will be as follows. First the theory and background of fibre will be discussed,
describing the main theoretical aspects that concern optical fibre as a communication medium. This will
include a section on the current situation on fibre in the Netherlands. The details of this context will
determine the eventual method and point at possible variables for a regression analysis. After having
discussed these variables, the main results will be presented and this will lead to a conclusion and
discussion of the research.

4

2. Theory background and context
2.1 Introduction

In this chapter the main theory and background of optical fibre will be discussed, in order to provide a
main frame through which eventually the Dutch fibre situation can be observed in later chapters. Hence,
this chapter will largely be a literature study on what has already been researched with regards to fibre
and broadband, in terms of its technology, its benefits and the uncertainties that surround rollout
investment. Starting at the concept of broadband technologies the chapter will move towards the role
of fibre as an innovation and the benefits that are being attributed to high bandwidth technologies. As
fibre rollout does not happen to be distributed equally over areas, the concept of a digital divide will be
introduced as well. After that section, the uncertainties of fibre investment will be explored as an
explanation to why fibre rollout does not appear to be self-evident, despite the benefits of high
bandwidth broadband described below. This is followed by a small section on the potential brought
along by the spatial dimension of fibre penetration in the analysis of broadband rollout. Lastly, the
context in which these concepts are to be placed is described in the section on fibre in the Netherlands.

2.2 Fibre conceptualized
2.2.1 Broadband technology
The main global infrastructure of broadband is connected between continents through submarine
communication cables and a backbone infrastructure between both international and national regions.
Consumer broadband at the household level is connected to these backbones through the distribution
infrastructure of several broadband operators. The part of this infrastructure which connects the internal
network of the operators directly to individual buildings is commonly denoted as the “last mile”.
Basically, there are three main physical mediums which commonly connect the nodes of a telecom
network via a fixed medium. The initial fixed networks for delivering broadband are twisted-pair copper
cables. The twisted-pair infrastructure has been rolled out for the purpose of telephone communications
and through Digital Subscribers Line (DSL) technology this infrastructure can be used to transport data.
At the advent of cable television, a second infrastructure has become available, i.e. the coax cable.
Besides analogue television channels, these cables can be made to reserve bandwidth for broadband
data. Last of the three fixed broadband technologies is optical fibre technology. Fibre technology makes
use of laser pulses and is therefore inherently different from copper and coax connections, as its signals
are send as light instead of electricity.
The maximum throughput capacity of these three mediums differs widely. Copper Asynchronous DSL
(ADSL) and coax (under DOCSIS1.0) reach speeds of 1 to 6 Mbps downstream. On the bases of
different methods and standards these speeds have been enhanced up to 20 to 70 Mbps over the years
(Elixmann & Neumann, 2013). The maximum speed of fibre connectivity is currently being limited by
technical limits of peripheral devices (Davies, 2015). Theoretically it could reach unlimited speeds, yet
in practice it has been demonstrated to reach over 100 Tbps. On the broadband market consumer fibre
connections mostly offer speeds up to 1 Gbps (OECD, 2015).
To answer the demand for higher speeds, both copper and coax networks are being upgraded by the
means of new standards, upgrades of the intermediate office equipment and replacement of the
backbone infrastructure with fibre. Upcoming standards will theoretically improve the throughput even
further. For twisted pair copper most networks are being upgraded to the latest standard of VDSL,
which, in the most optimum situations, can reach speeds up to 230 Mbps (Kroon, Plückebaum, Garcia,
Sabeva, & Zoz, 2017). The upcoming standard for copper, however, is G.fast. By widening the spectrum
and the application of enhancements such as vectoring to minimize interference, G.fast can upgrade the
total downstream speed over copper lines up to 500 Mbps (Deloitte, 2017). The drawback is that G.fast
is mostly still in a pilot phase and it requires a short cable length to the end user of less than 100 metres.
Coax networks are also expected to receive further upgrades. Most coax networks currently run on
5

standards up to DOCSIS 3.0, which will be superseded by DOCSIS 3.1. By utilizing a higher spectrum
bandwidth, this latter technology could theoretically enable downstream speeds up to 10 Gbps, which
will have to be shared across all users of that cable. To achieve such performance, DOCSIS 3.1 requires
the network to be fibre until the last amplifier (Deloitte, 2017; Kroon et al., 2017). For both G.fast and
DOCSIS 3.1 speed will decline more than for fibre as the length of the cable increases, since it suffers
from a decrease in signal strength and electromagnetic interferences (Bourreau et al., 2017; Deloitte,
2017). Optical fibre, namely, does not suffer from electromagnetic interference and its pulses of light
can retain its intensity over large distances, whilst it is based on laser technology (Davies, 2015). In
general, fibre can maintain its signal strength over distances up to 20 km (Hoernig et al., 2010).
Moreover, both copper and coax are characterized by their asymmetric nature. In order to optimize the
downstream capacity, the upload throughput is commonly limited to about a tenth of the download
speed. Upstream performance, in that case, never draws close to the downstream performance, hence it
is asymmetric (OECD, 2014). Symmetry for coax connections has been applied, yet technically it is
only possible if the bandwidth capacity is not fully exhausted (Compter, 2016; Smit, 2018). Future
enhancements of the DOCSIS 3.1 are being developed in the DOCSIS 3.1 Full Duplex standard, which
is intended to support 10 Gbps both upstream and downstream (Kroon et al., 2017). Elsewise, the high
possible throughput for fibre allows for symmetric download and upload speeds by default.
Concerning fibre rollout, a network can have different denominations on the basis of how far in the
network the fibre infrastructure reaches. These degrees are denoted by the following terms, from the
lowest share to the highest share of fibre. “Fibre to the Node” (FttN) denotes that the network only has
fibre in the backbone up to one of the main offices of the network operator, herein the last mile mostly
consists out of a copper-variant connection. “Fibre to the Curb” (FttC) essentially is the same, apart
from that fibre runs up to one of the lasts street cabinets which is close to the building. In the cases
where the last mile is covered by coax, FttC networks are also referred to as Hybrid Fibre-Coaxial
(HFC) networks. Replacing the last mile with fibre leads to “Fibre to the Building” (FttB), where the
fibre cable up to the building itself. In case of FttB for apartment buildings, the wiring from the
building’s incoming connection up to the separate apartments is copper. Lastly, “Fibre to the Home”
(FttH) indicates that the fibre cable runs up to the door of every home. As FttH provides most
improvements, the current fibre discussions are about FttH (Besteman et al., 2017). In case of
businesses, this is also called “Fibre to the Office” (FttO).
2.2.2 Fibre as an innovation
In the literature, broadband is often described in the light of it being a General Purpose Technology
(GPT) (Majumdar, Carare, & Chang, 2009; Prieger, 2013; Rohman & Bohlin, 2012; Tranos & Mack,
2016). A GPT is characterized by its pervasive presence throughout sectors. These technologies are
used in a broad variety of applications throughout the entire economy. Thereby, GPTs bring along new
opportunities, innovations and productivity gains downstream as a result of their innovational
complementarities. In that, GPTs can be referred to as ‘enabling technologies’ (Bresnahan &
Trajtenberg, 1995). Broadband technology is seen as a GPT, in that it is pervasive throughout the
economy and enables increased productivity, opportunities and development for different sectors
(Prieger, 2013; Rohman & Bohlin, 2012; Tranos & Mack, 2016). But also in that it could enable a fourth
industrial revolution, as it enables a critical way of sharing ideas (Majumdar et al., 2009). Optical fibre,
being a further development of broadband technology, can be regarded as an innovation of this GPT,
as fibre increases broadband speeds and thereby influences the industries where the broadband GPT is
used. Fourie & De Bijl (2017) both see the investment in fibre rollout as an innovation, in that it is an
improvement of existing network infrastructures.
Moreover, in the words of Bourreau et al. (2017) fibre technology, in itself, is even said to be disruptive
in relation to legacy copper and coax networks. As they point out, fibre rollout is not just an upgrade of
the existing telecom networks, but it brings along a new network structure. In this new network
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structure, a large number of intermediate central offices could become redundant, as direct fibre lines
can connect the consumer’s premises to a small number of central offices. In addition, they state that
the presence of fibre connections would eventually make the parallel infrastructure of copper and coax
lines obsolete, as fibre would supersede these legacy infrastructures. Yet, in practice, these lines do not
need to become obsolete, as the provider can still use them for broadband services and even offer them
as lower-priced subscription packages. Also, as long as consumer demand for copper and coax
connections is not fully taken over by fibre, copper and coax are not necessarily obsolete.
2.2.3 Benefits of high bandwidth
Higher bandwidth broadband rollout is being promoted for both its direct and indirect effects. Its
beneficial direct effects already become apparent from the technological characteristics of high
bandwidth technologies, such as fibre. For fibre, these benefits pertain to speed improvements,
symmetric speeds, longer distances that can be bridged and less maintenance costs. Yet, broadband, as
a GPT, also has indirect impacts that are being attributed to its deployment, among which are GDP
growth, increases in employment, the attraction of knowledge intensive businesses and efficiency
improvements for firms. Below, these benefits will be further elaborated upon.
The direct effects regard its technical nature and how it improves broadband delivery in comparison to
the current network infrastructure. As demonstrated above, the theoretical speed limit of fibre optics,
makes fibre more future-proof then copper and cable infrastructure. The current maximum speed of
fibre already provides high performance and with the possibility to upgrade its bandwidth up to its
theoretical limits over the years, fibre is presented as a more suitable candidate for the future (Elixmann
& Neumann, 2013). Higher carrying capacity is definitely a requirement for network infrastructures in
the near future, since it will enable the parallel consumption of a plethora of online high bandwidth
media services (OECD, 2008). Currently, fibre is also the only technology which will always be able
to carry a higher capacity than wireless technologies (OECD, 2015). Wireless technologies will
therefore be dependent upon fibre, as fibre will have to supply a fast infrastructure between antennas to
reach optimal performance for 5G wireless internet. Another trend in favour of fibre is that network
traffic is expected to become more symmetric, as the amount of digital traffic produced starts to become
equivalent to the consumption of it (Hoernig et al., 2010; OECD, 2015). Given that fibre networks offer
the necessary bandwidth for symmetric network traffic, fibre technology can tailor to this need.
Fibre thus not only provides better performance, but since it suffers from less interference and
attenuation than alternative transport mediums, it can also bridge longer distances (20 km). Whereas
DOCSIS 3.1 and G.fast would quickly lose their benefit of additional speed over increased distances,
this is less of a problem for fibre (Bourreau et al., 2017). In turn, this allows for longer fibre cables.
The advantage of longer cables is that the number of required signal boosters and repeaters in the
network infrastructure will decrease, in comparison to the current infrastructures (Davies, 2015; OECD,
2008). Therefore, the upcoming standards for copper and coax are often suggested to be best suited for
the networks where a major part of the network is already fibre (Kroon et al., 2017).
Fibre infrastructure will, according to Elixmann & Neumann (2013), also lead to a decrease of network
costs over the long run as the infrastructure is expected to last for at least 40 years. They state that
maintenance is simplified, and the energy usage of fibre technologies is low (Elixmann & Neumann,
2013). In comparison, for internet speeds, rising above 100 Mbps fibre technology has been calculated
to have major energy benefits over wireless technologies and wired alternatives as DSL and HFC
(Baliga & Ayre, 2011). In addition, fibre cables are not influenced by corrosion, as they are made of
silicon. This makes them last longer than copper cables (OECD, 2008). And as mentioned before, the
number of intermediate cabinets decreases, which reduces both hardware and maintenance costs.
The indirect benefits of broadband have widely been discussed and researched. These effects are mostly
benefits to society and the economy, which can be seen in the light of broadband as a GPT. A major
part of the literature has been written for broadband internet in general. Fibre optics is in principle an
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innovation which increases the bandwidth and performance of the internet infrastructure and therein an
incremental shift to better broadband. Hence, here it will be assumed that the effects described for
broadband will hold similarly for fibre.
Most research uses broadband to explain financial benefits. The increase of broadband speed has been
reported to have a significant positive effect on the growth of a country its GDP. In that research this
effect has been measured using an econometric model on panel data from the 34 OECD countries
(Rohman & Bohlin, 2012). The deployment of broadband also has a positive effect on rural regions in
particular. Both household income and employment levels in rural regions of the US have previously
been found to improve under the condition of broadband, measured in terms of adoption, availability
and download speed (Whitacre, Gallardo, & Strover, 2014). A collection of other studies shows that
broadband also has economic spill-over effects, in various countries, on economic growth and
employment, which both increase under the presence of broadband (Katz, 2012).
The works of Mack and her co-authors demonstrate for United States data that broadband internet can
attract knowledge intensive firms. She demonstrates, in Mack (2014), using spatial autocorrelation as
an exploratory method, that there is a relationship between broadband penetration and the cluster
locations of knowledge intensive firms for specific regions. Her results show that the clusters of
broadband and knowledge intensive firms are mainly agglomerated around large urban areas. In Mack
& Rey (2014), it is also shown that broadband has a positive effect of the level of knowledge intensive
businesses in metropolitan areas. Yet, another study also demonstrates that the presence of knowledge
intensive firms seems to vary considerably across regions (Mack et al., 2011). In Tranos & Mack (2016),
again, a bi-directional relationship is found between the presence of broadband providers and the
establishment of knowledge intensive businesses in the US. In these results, the rollout of broadband
has enabled local regions to attract knowledge intensive firms. This relation has also been researched
for knowledge intensive firms in the Dutch province of Zeeland. Therein it is shown that large and
knowledge intensive firms are more prevalent to have a fibre connection than firms that are situated at
industrial parks (Sadowski et al., 2015; Strik, 2014).
Yet benefits of high speed broadband can be even more indirect. According to a bottom-up study by
Van Der Wee et al. (2015), broadband for offices, in the form of FttO, can also introduce benefits for
the digitalization of businesses and government. A fibre connection can be an important enabler for
teleworking. Through that, it saves in costs that accompany travelling, required office space and
operational costs. In addition, fibre can also bring along infrastructural efficiency for a company. With
a faster internet connection, the ICT infrastructure of companies can be centralized.
Given the hype that surrounds fibre technology, rarely any disadvantages are being discussed. A
technical disadvantage could be that the fibre cable is thin and fragile increasing the risk of fractures.
Or the process of switching from a copper infrastructure to a fibre infrastructure might not go so smooth,
causing delay and start-up problems in the first phases after rollout. Yet this is a general notion for any
new infrastructure. There is, however, a clear drawback to be seen in the promotion of solely fibre as
the technology of choice for the attainment of broadband goals. Different technologies exist and might
be more suitable for different kinds of situations. The advances in wireless technologies, such as 5G,
might make it more suitable for remote areas than the expensive deployment of fibre. Eventually it can
turn out to be more cost efficient if a mix of technologies is being deployed (Bourreau et al., 2017).
Of course it remains unclear whether all conclusions of these studies will hold equally across time and
countries. These results depend on technology, society and economics, which can all be expected to
change over time. Moreover, there is no certainty as to whether results from the US or other OECD
countries will also hold for the Netherlands, as all these countries have different economies, and
different broadband markets and infrastructures. Yet the main point is that broadband innovation, and
thus also fibre deployment, is generally associated with economic and welfare benefits.
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2.3 Digital divide

Within the broadband discussion a specific segment of the literature focusses on the “digital divide”.
This digital divide signifies the situation where certain regions or groups of people lag behind in terms
of economic development, digital access and digital adoption (Riddlesden & Singleton, 2014). Given
the benefits that have been attributed to fibre connectivity and broadband, the inequity between regions
on the basis of having a fibre connection or not will not only have technological impacts, but also social
and economic. This divide, with regards to connectivity, has initially been demonstrated between
developed and developing nations. However, it also slightly appears to exist at a national level
distinguished in terms of rurality and deprivation of areas (Gijón, Whalley, & Anderson, 2016; Prieger,
2013; Riddlesden & Singleton, 2014). As Mack and Grubesic (2014) argue, this divide between rural
and urban areas requires intervention into the private market by public policy. Their study suggests that
the privatization of the telecom market has had an adverse effect on the penetration of broadband in
rural areas.

2.4 Uncertainties
2.4.1 European public policy discussion on fibre
European policy both targets fibre connectivity as a future objective and it indirectly hampers the rollout
through its telecom market policies. In the European Commission’s 2010 Digital Agenda, the nearest
goal has been set for a 30 Mbps broadband penetration throughout Europe by 2020 already, with half
of the households connected to a 100 Mbps connections. In the five years after that, there should already
be a full household penetration of 100 Mbps internet (European Commission, 2010a, 2018). The
Netherlands even aims for 100 Mbps connections for every household by 2023 (Ministerie van
Economische Zaken en Klimaat, 2018). But at the same time, mandatory access principles have been
said to discourage upgrades to fibre and state aid regulation complexifies the attempts by regional
government bodies in stimulating fibre rollout.
In the first years of this millennium, the European Commission focussed on the term broadband with
regards to network connectivity. Various definitions of the term broadband exist, some are bound to the
quality of service, yet the most common are attached to a signifier of downstream speed. The OECD,
for example, initially defined broadband at a downstream speed of 256 Kbps. The European
Commission, on the other hand, decided to delineate broadband by whether it can enable the delivery
of innovative services, instead of characterizing broadband by a minimum speed. In that, the
Commission assumes a fibre backbone network which can deliver high-speed internet, but that the local
loop is constricted by a “broadband bottleneck”. The rollout of broadband is then characterized as the
upgrades to the last-mile, which enables the delivery of these high-speed services to the users
(European Commission, 2004).
Whilst technology develops, and new innovative services emerge, new network requirements come
along as well. In order to characterize innovative networks, the European Commission eventually
defined the term Next Generation Access (NGA) network for their 2020 broadband objectives. The
European Commission (2010b) distinguished NGA networks from common broadband networks in that
it is a fixed infrastructure with a downstream throughput of at least 30Mbps. Given this speed, the
network can be fibre or any copper variant. In some cases, a wireless technology would also fit the
criteria of being an NGA network. Yet different definitions have been used throughout the policy
documents of the European Commission and sometimes fibre has specifically been brought to the fore
as one of the preferred technologies (Davies, 2015).
In the newly proposed European Electronic Communications Code, the European Commission moves
away from NGA networks to very high capacity (VHC) networks. These are defined as: “an electronic
communications network which either consists wholly of optical fibre elements at least up to the
distribution point at the serving location or which is capable of delivering under usual peak-time
conditions similar network performance in terms of available down- and uplink bandwidth, resilience,
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error-related parameters, and latency and its variation.” (European Commission, 2016). This
definition requires the internal network structure to be fully composed out of fibre but leaves the last
mile medium open as long as the peak-time conditions are being met. In that, the Commission is only
partly technology neutral, as it articulates a preference to fixed and optical fibre networks (Bourreau et
al., 2017).
At the same time, the European Union tries to maintain a liberalized telecom market. Initially most
national European telecom companies were state-supported monopolies. The European Parliament
introduced new policies around 2000 to counteract the lack of competition in these markets (Fourie &
De Bijl, 2017). After the liberalization of these markets, new entrants have rarely build their own
infrastructure, unless it allowed them to provide an additional service, such as cable television (OECD,
2015). Due to mandatory access policies the owner of the physical network infrastructure is not allowed
to exclude other providers from using its infrastructure. Any operator can thereby enter the market and
make use of the existing infrastructure against a fair price. It is intended to increase the competition on
the level of service-based competition, meaning that competition is intended to happen at the level of
the broadband service offering and not on the level of the physical connection, i.e. infrastructure-based
competition. Through Local Loop Unbundling this policy is enforced on the last mile from the
distribution frame to the consumer’s house. Yet, this is mostly just applies to incumbents with existing
network infrastructures. In the Netherlands the mandatory access principle is still only applicable for
the copper network of KPN, and since 2012 this also holds for KPN’s fibre network (ACM, 2017;
Crandall, Eisenach, & Ingraham, 2013). The coax network of Ziggo is still exempted from this
regulation, although the ACM is pressing to change this as they strive for more competition between
providers (ACM, 2018a).
Fourie and De Bijl (2017) describe that similar to innovation, the implementation of fibre internet takes
on an inverted U-shape in relation to competition. This implies that a correct balance of competition is
required to encourage further rollout. Regarding the two said competition types, proponents of
mandatory access policies argue that service-based competition will benefit innovation, because of the
Ladder of Investment (or Stepping Stone) theory. This theory assumes that an entrant will have the
incentive to invest in their own infrastructure after being properly established. Yet, according to
Bouckaert, van Dijk and Verboven (2010), LoI theory does not justify mandatory access policy, since
they find that service-based competition restricts broadband penetration. Moreover, Briglauer, Ecker
and Gugler (2013) find that stricter levels of service-based competition negatively impact the
investment in NGA networks and Crandall et al. (2013) also show that copper-loop unbundling has had
a negative effect on broadband penetration over the long run. These findings reported in the literature
thus suggest that unbundling, mandatory access and service-based competition policies hamper the
rollout of broadband. As long as the Dutch unbundling policies only apply to KPN’s network, this only
holds for incumbents, but as the ACM is attempting to expand the applicability of this policy measure,
more parties might become affected.
According to Katz (2012), along with the lack of private investment, potential market failures can arise.
This could hold especially for areas that stay behind in broadband development. In that case, the
government could be expected to step in (Katz, 2012). However, the possibilities of this opportunity
are restricted by European State Aid legislation. Governmental agencies that intent to interfere with the
broadband market must adhere to the State Aid guidelines, as the telecom industry has become a
liberalized market. So if the state intents to handle these market failures, there are specific options to
follow for the investment not to be deemed as state aid. On the other hand, telecommunications in
general might be considered as a merit good. This is supported by its positive externalities, among
which are the aforementioned benefits of high bandwidth connectivity (Gómez-Barroso & PérezMartínez, 2005). But that does not need to apply to fibre specifically, as other technologies are able of
providing the service required as well. Hence, state aid regulations ensure that government intervention
through investment only happens in case of a clear market failure. Firstly, a government body can
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choose to conform with the strict General Block Exemption Regulation (GBER) guidelines of the
European Commission (Elixmann & Neumann, 2013). Under the GBER, a governmental body can only
invest in a white deployment area. The categorization of the deployment areas depends on the number
of expected providers of broadband for the next three years. Herein, white implies that there is no
operator or expectation of a new entrant for the coming three years. In grey areas there is only one active
provider with no likely introduction of a new one over the coming three years. In black areas two or
more operators are expected to provide access over the coming three years, which is a situation where
infrastructure-based competition takes place. A second option is to be exempted from the GBER under
the de-minimis regulation. This regulation is characterized in that it does not allow government
investments above €200,000 in order to be exempted. A third option is to subsidize consumers for the
subscription prices, yet this is not always expected to be a viable option (Katz, 2012). Fourthly, a
government body can choose to make their investment comply with the market economy investor
principle, meaning that normal market conditions should apply in which the state faces same risks and
opportunities as any other market participant. As a last option, the state can choose to notify the
commission for a revision of their investment, in that case the European Commission will decide
whether it is considered as state aid or not (Elixmann & Neumann, 2013).
2.4.2 Techno-economics
Investment itself in FttH connections introduces a risks and uncertainties as well. The question is often
whether the benefits described before can overcome the barriers of investment for a specific fibre
project, as there is a considerate amount of uncertainty involved with fibre investment. In general, the
investment cost for fibre are high, as is the uncertainty regarding the return on the investment. Most
uncertainty seems to stem from the unpredictable demand for fibre and the complex telecom markets
with all its regulations and incumbents. The combination of these costs and this uncertainty can be seen
as a barrier to innovation.
The OECD (2015) defines some of the main investment barriers for broadband rollout, among which
are capital expenditures and municipal obstacles. As that OECD report mentions, the business case
depends on both the costs and the take rate, which generates the revenue. However, in the case of rollout
the costs are independent of the take rate, since a house within a rollout region will need to be passed,
regardless of whether that household has subscribed or not. In general, all fixed networks share the
characteristic of high capital expenditures in comparison to the operational costs. Yet, since cable and
copper networks have already been installed, the high investment outlays of fibre are at contrast with
the incremental costs of DOCSIS and VDSL standards, which are easier and less financially intensive
to deploy (Elixmann & Neumann, 2013).
To sketch this situation from a more quantitative perspective, the required investment costs can be
evaluated. For fibre, different costs per home passed have been estimated for European households.
Still, all these estimations have a wide range and include a high upper limit. Bock & Wilms (2016)
report that the costs can differ from €720 up to €3,150 per home passed, and the Broadband Commission
(2014) reports costs of €150 to €540 for urban homes and costs up to €2700 for rural homes. To provide
every home in Europe with an FttH connection would require a €360 billion investment, which, by a
large part, will have to be funded by private parties (Bock & Wilms, 2016). On a more practical level,
while the costs for the deployment of fibre per metre in the Netherlands has not been reported
extensively, some sources estimate these up to €30 per metre in rural areas (Brennenraedts, Driesse, &
van Kerkhof, 2015). These estimated figures show that the costs and the wide variability of the costs
can already be a source for uncertainty. Whilst the main incumbent operators already have a network
infrastructure installed, it, here again, becomes obvious why DOCSIS 3.1 and G.fast still remain the
dominant technologies for these incumbents in the short run.
The costs named above can vary widely per region, because they are expected to be influenced by
several local characteristics. The digging of cable shafts, performed in human labour, remains the most
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expensive part of the deployment of a fibre network (Hoernig et al., 2010). According to several reports,
this is determined by the major geographic characteristics of the region. The OECD (2015) names
population density and residential patterns, in terms of the structure and distance between buildings, as
two of these factors. As the same costs for the last mile infrastructure can be shared among a larger
number of houses, it will be cheaper to invest. In that line of reasoning, apartment buildings and highdensity areas should have a higher chance of being provided with fibre, as the costs are lower, when
taking the maximum possible take rate into account. In the price estimation of FttH rollout per
household, Bock & Wilms (2016) regard density as one of the factors which increases the costs. In
agreement with that consideration, Bourreau et al. (2017) also perceive density as one of the main
determining factors for deployment. They state that, keeping speed and other solutions out of
consideration, broadband deployment depends on population density, topography and sub-loop length
to the backbone network. These are mostly human-induced effects, but Flamm (2005) also highlights
the importance of geophysical factors which influence the costs, of broadband fixed deployment in
general. In that research, Flamm finds significant effects for the slope, composition and elevation of the
ground. These factors influence broadband rollout in that they may have a direct effect on the
deployment costs, as differences in ground height and quality may complicate the civil engineering
work and placement of cables.
Generally, fibre cables in the Netherlands are being deployed at a depth of 0.6 m, for which trenches
have to be dug. The first 0.4 m is done by machinery, whereas the last 0.2 m has to be done manually
(FttH Platform Nederland & Stratix Consulting, 2013). Yet in some municipalities it has been allowed
to deploy fibre cables less deep, such as at 0.4 m. The advantage is that it allows for cheaper and faster
deployment, although it’s less suitable for deployment in rural areas where the ground above the cable
is unpaved (De Koning, 2014; Migchels, 2015). Rollout party CIF strives to deploy the fibre cables at
a depth of 0.4 m even in rural areas wherever possible. This is one of the main points that CIF negotiates
with the municipalities by default (CBBW, 2016). Concerning the digging of the trenches, new, less
intrusive, methods have been developed. Using a brush machine, small trenches can be made
automatically and more subtle, resulting in a faster procedure and less damage to the pavement and soil.
Other alternatives include the usage of existing shafts, such as sewer shafts, and cable de-coring, which
replaces the core of copper cables with fibre (FTTH Council Europe, 2014; FttH Platform Nederland &
Stratix Consulting, 2013).
Direct obstacles have also been named to difficilitate rollout in practice. Prominent ones among these
are trees and water bodies, which can force the connection lines to be rerouted. Natural barriers can
delay the rollout in both an institutional and a physical way, as municipalities can decide that an
additional consultant is required for protecting the trees and such obstacles can complicate the digging
of trenches. In addition to introducing additional delay, these obstacles have also been said to increase
the costs of the project (Bon, 2018; Lochem, 2016).
2.4.3 Market uncertainty
Even though there are several benefits to be attributed to fibre technology, it still has to compete with
other alternatives in the fixed broadband market, i.e. DSL and coax. These alternatives have the
advantages that their infrastructures are already in place, while fibre is still entering the market.
Bourreau et al. (2017) say that the presence of alternative infrastructures influences the deployment of
broadband networks. According to the literature, it also does not seem to matter for a consumer what
type of connection is provided. From the perspective of Stocker and Whalley’s research (2017) the type
of network infrastructure could even become less relevant to the consumer, as they find that consumer
experience is more than just speeds. Moreover, the eventual experienced speed is dominated by the
weakest link in the network. No matter how fast the connection medium is, if one link between the
client and server is inferior to the rest of the connection, then this link will determine the eventual speed
and experience. This could mean that the consumer’s experience would not improve when a faster
connection type is chosen, if the weakest link is inside a consumer’s local network.
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Yet, as mentioned before, fibre technology can span longer distance in comparison to copper and cable.
This might make fibre more suitable for providing higher network speeds in areas with a larger local
loop length. Regions with a short loop length, however, allow copper and cable (under G.fast and
DOCSIS 3.1) to compete with fibre technology (Bourreau et al., 2017). In the latter case, the
substitutability described above can then indeed be applicable.
2.4.4 Demand uncertainty
As is stated by the OECD (2015) “a fixed network must generally be built out past every home in a
neighbourhood, whether that home generates revenue or not. Its costs therefore are relatively
insensitive to the number of subscribers, but its revenues are not.” That implies that demand should be
an important factor influencing the probability of rollout, since it partly determines the feasibility of a
business case for the rollout company. Reggefiber and several rural projects have also recognized the
importance of enough demand for the success of the business case, which is why these parties always
precede their rollout projects with demand aggregation (Salemink & Strijker, 2016).
This aspect of demand is, in several papers, being expressed as a case of broadband adoption. Flamm
and Chaudhuri (2007) found for the case of the US that, obviously, price plays a major role in the
question of broadband demand. Yet, when they controlled for the aspect of price, they found that
demographics determinants of gender, marital status, student status, and the qualification of rural, urban
and suburban areas do play a role in broadband adoption. Quaglion et al. (2018) also looked at the
determinants of fixed broadband adoption, using an Italian survey. In their regression higher age groups,
especially of 64 and higher, showed a negative effect for broadband adoption. On the other hand, higher
education and the presence of children in the household, appeared to have a positive effect. One of their
interesting finds is that a subscription for pay TV also has a positive effect on the adoption of broadband.
This signifies that the consumption of video material may lead to a demand for higher broadband speeds,
as such content normally requires more bandwidth. In the same line, Dwivedi and Lal (2007) find for
the UK that age has a negative effect, that education is correlated positively with adoption and that
income and occupation are correlated positively as well. For gender, however, they have not found a
significance difference.

2.5 Rollout as a dynamic process

What is often forgotten in the research on broadband, is that rollout is a dynamic process, both along a
spatial and temporal axis. Rollout is sequential and is also not expected to be an individual and
independent phenomenon. Partly, it is a techno-economic consideration that neighbouring regions can
be more cost-efficient to deploy next. However, it can also be the existence of an infrastructure, which
is not only technical, but also social and political, that facilitates the rollout to neighbouring regions.
The lack of literature on spatial rollout is highlighted by Oughton and Frias (2017), who investigate the
implication of 5G rollout in Britain spatially and temporally. The main works which do include the
spatial dimension have been published by Grubesic and Mack. Using spatial autocorrelation, in terms
of the Moran’s I, and spatial patterns they asses clusters of broadband in the US (Grubesic, 2006; Mack
& Grubesic, 2014). They use similar methods in different research where they assess whether
knowledge intensive firms cluster around broadband regions (Mack, 2014; Mack et al., 2011). In Mack
& Maciejewski (2015), different tools and techniques, such as the LISA categorization of the local
Moran’s I, are suggested that can help policy makers in their understanding of the dynamics of the
broadband market. Whereas a number of such tools can have a large contribution to telecommunications
policy, the authors conclude that their use for broadband analyses is still limited.

2.6 Development and history of fibre in the Netherlands
2.6.1 General context
Turning to the situation in the Netherlands, the main fixed broadband network exists out of copper and
coax lines. Whereas those copper lines were initially intended for telephone communications, the coax
cables were deployed for the delivery of cable television. Now these communication lines offer triple13

play services (i.e. telephone, television and internet). Fibre, however, has only been on the rise over
the past decade and the rate of its rollout has recently decreased after a peak in 2013 (Schellevis, 2017).
In the current situation the Netherlands has a fibre penetration of about 29% with over 2.5 million
households connected by fibre (ACM, 2018b).
Since most of the Dutch backhaul has already been replaced by fibre, the discussion mostly maintained
its focus on the last mile. FttN and HFC are common now for a large part of the Netherlands. Ziggo
states that their entire backbone infrastructure, which makes up 97% of their network, is connected by
fibre cables, only the remaining last mile from the street cabinets to the homes is in most cases still
connected using coax cable (Ziggo, n.d.-a). This has brought a faster internet connection closer to the
premises. Yet this is mainly just the case for urban Netherlands. In many of the rural regions of the
Netherlands, internet speeds are still low, due to the absence of cable networks and long distance to the
backbones and street cabinets (Van der Haar, Driesse, Brennenraedts, Pegtel, & Cazemier, 2017). In
Figure 1 the fibre connectivity for the Netherlands is shown as it has been represented in a dataset by
Dialogic. This map reveals that most of the fibre connections are in rural areas, and in the west, it can
be observed that CIF has rolled out in that region.
Figure 1: Fibre connectivity in the Netherlands and major cities

Green depicts that a fibre connection is present and red depicts the absence of a fibre connection.
Left: Netherlands, Upper middle: Amsterdam, Lower middle: The Hague, Upper right: Rotterdam, Lower right: Utrecht (OpenStreetMap
contributors, 2018)

The figure also shows that fibre is absent in the centres of large cities and mostly present around middlesized cities. According to the Glasmonitor 2013 report, this phenomenon occurs because the
deployment process in large municipalities is often not optimised, as demand aggregation is more
difficult with larger groups of citizens and the small distance between houses can complicate the digging
(FttH Platform Nederland & Stratix Consulting, 2013).
In 2017 the Netherlands had just over 2.5 million households with a fibre connection (see Figure 2).
From 2010 to 2014 the number of connected households increased considerably, from 0.5 million to 2
million. But over the past two years its growth has decelerated and eventually appears to stagnate, even
though fibre has not been fully deployed yet. This slow-down is not due to the fact that fibre has already
been deployed at all the easy and cost-efficient spots, because Figure 1 shows that the presence of fibre
varies wildly over regions. Different factors than just cost efficiency appear to play a role here. This
decrease is regularly associated to the takeover of Reggefiber by the market incumbent KPN
(Schellevis, 2017). However, in the past year the number of FttH connections in the Netherlands appears
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to rise again. In contrast to previous developments, this growth appears to stem from regional initiatives
in rural areas (Stratix, 2018).
Figure 2: FttH connections in the Netherlands over the years (data from Telecommonitor ACM) (ACM,
2018b)

Cumulative FttH connections over the years
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2.6.2 Market composition
The Dutch Authority for Consumers & Markets (ACM) has identified the following fibre providers:
KPN, Ziggo, Tele2, Eurofiber, BT, and regional FttO providers (Besteman et al., 2017). In the general
broadband market KPN and Ziggo have about equal market shares of 40% up to 45% each (ACM,
2018b). This leaves a remaining 10% to 20% for other parties as Tele2, local network owners and
network owners with their own specific types of networks, such as fibre. Primarily, broadband networks
are thus in the hands of incumbent network operators like KPN and Ziggo. However, as mentioned
before, these parties do not appear to have the incentive to innovate while the existing infrastructure
remains profitable.
Concerning fibre rollout, three main levels can be considered. Firstly, there are fibre deployment
projects being led by the incumbents of the current telecom infrastructures. Secondly, there are different
partnerships between existing cable companies, regional distribution network operators (DNOs) and
investment funds. And thirdly, citizens can decide themselves, bottom-up, to form a local initiative
through which they can rollout their own infrastructure (Salemink & Strijker, 2016). The actors and
dynamics of these three levels will be described further below.
From 2005 on, Reggefiber started as a main fibre deployer in the Netherlands. Yet, this new network
fibre infrastructure could be perceived as a threat to the existence of KPN’s copper network. Thus, KPN
decided to partner with Reggefiber and eventually acquired it in 2014 (Bremmer, 2017; Schellevis,
2017). KPN still rolls out fibre under Reggefiber, albeit at a considerably slower rate. Instead, KPN has
focused its main efforts on VDSL upgrades of their copper network (Kroon et al., 2017). KPN’s
reasoning behind this choice is that the current developments of VDSL technology allow for a
considerable upgrade in download speed with only a minor level of additional investment (B&W
Eindhoven, 2016).
The second level brings together actors from different industries, wherein different projects are being
maintained by investment funds and existing infrastructure companies. As KPN mostly keeps its
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deployment restricted to urban areas, these parties go a bit further and mainly serve white, rural or
countryside areas. A major one of these is CAIW, which is owned by the Swedish EQT Infrastructure
III fund. The CAIW network connects 39,000 households, covering regions in Gelderland, Limburg,
Noord-Brabant, Noord- and Zuid-Holland, Overijssel and Zeeland. In the past years, the fund has
acquired both CIF and Caiway, bringing together a considerable number of rural and urban fibreconnected houses into one company (Bakker, 2018). CIF was an investment fund which prominently
rolled out fibre in the Netherlands through joint ventures with different companies, such as Cogas,
Rendo and Mabib. Caiway, on the other hand, was initially a coax cable infrastructure company under
the name of CAIW (Centrale Antenne Inrichting Westland) and it owned a substantial infrastructure of
both fibre and coax cable. Under CAIW, there is also Glasvezel buitenaf, which primarily rolls out in
countryside areas. Glasvezel buitenaf and the company Mabib, which primarily rolled out in white areas
in the province of Noord-Brabant, were eventually owned by CIF. But following the recent take-over
of CIF, both Mabib and Glasvezel buitenaf have joined together under the name of the latter party.
Glasvezel buitenaf also signs covenants with municipalities and partners with different actors, such as
cable infrastructure owners, for rollout projects. In Groningen and the Groene Hart region in the
Netherlands, the company Mabin rolls out fibre under the name of Glasdraad, supported by investment
fund TINC. Mabin is the former parent company of Mabib, before Mabib was acquired by CIF. On the
basis of quarterly demand aggregation Glasdraad deploys in rural areas, while working together with
local municipalities, ISPs and contractors. Even though these organisations are all different parties and
it appears to be a dynamic market, they all offer for separate regions, so it’s dependent on the region
which company will roll out. Hence, there are also several other parties that initiate or involve
themselves in fibre rollout projects in different regions, such as Rekam in Midden-Holland (ZuidHolland province) and RENDO in Overijssel and Drenthe.
As a third category, there are the local initiatives that start independently, bottom up. These initiatives,
of course, have more risk than the projects by the parties named above, as the people involved often do
not have the knowledge and influence at their disposal as regular market players have. Yet still some of
the successful initiatives have adoption rates of over 90%, which is considerably higher than what
bigger projects reach (Salemink & Strijker, 2016).
The projects above mainly concern FttH pertaining to households, but there are also different players
for the business market specifically, i.e. FttO connections. Next to its coax network, Ziggo only deploys
fibre for its enterprise customers. Most of its infrastructure is already an HFC network and its last mile
of cable can easily achieve high speeds. Therefore, they currently only target the FttO market when it
concerns fibre (Bremmer, 2017; Ziggo, n.d.-a). Another major player in the FttO market is the company
Eurofiber which maintains an open fibre network for businesses throughout the Netherlands (Eurofiber,
2017b). Due to the open character of their network, Eurofiber just deploys the infrastructure after which
any provider is allowed to offer broadband services over their network. On the FttO side there are also
initiatives from companies at business parks that cooperate to have their business park connected to
fibre.
In areas where the business case for fibre and other wired broadband infrastructures seems infeasible,
an alternative technology appears to be deployed, being wireless broadband. The company Greenet is
the main wireless broadband provider in the Netherlands. It already provides broadband access in the
provinces of Flevoland and Zeeland, and currently it has started demand aggregation in several other
provinces as well (Greenet, 2018).
Considering the mandatory access principles, only the copper networks of KPN are regulated by the
ACM. In order to maintain a certain level of competition, the ACM however has proposed to change
this and to subject the coax network of Ziggo to the same principles as the copper network of KPN,
meaning that Ziggo should also allow other providers to make use of their infrastructure (ACM, 2018a).
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2.7 Summary

In this chapter is has appeared that optical fibre has several direct benefits, such as, increased speeds
and bandwidth, the possibility to bridge larger distances with less external distortion, and its durability.
This makes fibre more future-proof than the existing legacy copper-based networks. In addition,
broadband innovation is also expected to bring several indirect benefits, like GDP growth, improved
wealth, the attraction of knowledge intensive industries and more efficient workflows. However,
investment in fibre rollout will not only have the investor reap these benefits. Several uncertainties
appear to surround fibre investment as well. While policy on digitalization is making an attempt at
encouraging deployment, market policies that try to maintain a liberalized market are working in the
opposite direction. In addition, the costs for fibre investment appears to be considerably variable and
high, as it is dependent on several different factors. Similarly, uncertainty in the market and the
uncertainty of demand render an investment in fibre less appealing. Interestingly, the consideration of
seeing rollout as a dynamic process, potentially gives an enhanced insight into the rollout problem.
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3. Method and model framework
3.1 Introduction

Following up on the theory and context of the previous chapter, here the methods and the data to be
used in this research will be discussed. After introducing the dataset and tools, a more theoretic
discussion will lay the groundwork of the analysis. Two main methods of analysis are being described
here. The first method is a regression on the techno-economics, market uncertainty and demand
uncertainty of fibre. The second method dives into the spatial relation of fibre rollout. Both methods
aim to explore the rollout problem from a different perspective. After that, the main variables included
in the framework of the analysed models will be further described.

3.2 Method
3.2.1 Data and software
The data sources used for the analysis are the following: a dataset with fibre availability for all the
houses in the Netherlands, datasets on regional variables, and a longitudinal dataset on fibre rollout in
the city of Eindhoven. The regression will use the first dataset, whereas the spatial analysis will make
use of both the first and the latter dataset. All data used for the regression is further described in Table
1.
The first data source available for this research is based on a broadband dataset provided by the research
and consultancy firm Dialogic. This dataset comprises the main part of the analysis. It contains the
addresses of 8.9 million households in the Netherlands along with the availability of a fibre connection
and other connection types for those households in 2017. In order to improve the accuracy of the dataset
provided by Dialogic, the Glaskaart published by Stratix (2017) is used to assign weights to the factors
of the regression. The Stratix dataset indicates the percentage of households covered by fibre per
municipality, so for the cases where the initial dataset underreports in comparison to the Stratix dataset,
the deviation between these datasets has been used as a weight in the regression. These weights will
ensure that observations in underreported municipalities will have less influence on the estimates of the
regression.
The second set of data has been obtained from public datasets, available through Statistics Netherlands
(CBS) and the Data portal of the Dutch Government. This is used to model social and additional regional
data. Most of the variables have been obtained from the CBS’ Kerncijfers Wijken en Buurten, which
contains regional statistics on a neighbourhood level.
The third set of data has been derived from online data on fibre rollout in Eindhoven (Reggefiber, 2018).
This set contains the rollout period for every house in Eindhoven from 2008 up to 2018. The data
constitutes a separate case study to evaluate how fibre spreads on a more detailed level over time. In
principle, the sequential data can confirm whether the spatial observations from the static national
dataset also appear to be present over time.
All initial data has been stored into separate PostGIS databases for the sake of flexibility and the ability
to perform geographically related queries at the scale required. The eventual statistical analyses have
all been carried out in the statistical software package of R version 3.4.0. Geographic visualizations of
the data have been constructed using QGIS 3.0.2 (2018). For the local Moran’s I calculations and
visualizations thereof, Geoda 1.12.1.131 (Anselin, Syabri, & Kho, 2006) has been used.
3.2.2 Theory
The aim of the analyses is to test what effects contribute to the rollout of fibre and to further explore
what the implication hereof is for certain areas. Therein the aim is two-fold. On the one hand it is
hypothesis testing and on the other hand it is explorative prediction. Hypothesis testing is performed on
the basis of logistic regression and on the basis of spatial autocorrelation. The resulting coefficients of
the regression are used to predict future rollout and the results of the spatial analysis can give an
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indication of areas where rollout can be expected. Below, first the regression and the prediction will be
discussed, as they both concern the same theory. After that the main theory behind global and local
spatial autocorrelation will be discussed.
A logistic regression fits the analysis here, as the response variable is binary. In light of the discussions
on a digital divide, three logistic regression models have been run, one for the overall dataset, one for
all rural houses and one for all urban houses. Whereas the first model can show the overall effects, the
second and third model can model for the rural and urban situation. This might give an indication about
whether different effects play a role in one of these situations. The dataset also includes addresses which
are located at industrial parks. They have been included in the first model, but these observations have
been omitted from the second and third model. The reason for their exclusion in the second and third
model, is that enterprises are generally served by a different segment of the market than residential
consumers. The overall model can be simplified to the extent of Equation 1, with 𝑝𝑝 being the chance
for a house to have a fibre connection, 𝑇𝑇𝑇𝑇 being the list of techno-economic variables, 𝐷𝐷𝐷𝐷 being the
list of demand uncertainty variables and 𝑀𝑀𝑀𝑀 being the list of market uncertainty variables (see Table
1). As it is a logistic regression, the response variables are binary and a linear relation is assumed
between the predictors and the logistic odds ratio.
Equation 1: Formula logistic regression
𝑝𝑝
𝐷𝐷𝐷𝐷
𝑀𝑀𝑀𝑀
TE
� = β0 + Locality + Σ𝑎𝑎=1
(𝑋𝑋𝑎𝑎 𝛽𝛽𝑎𝑎 ) + Σ𝑏𝑏=1
(𝑋𝑋𝑏𝑏 𝛽𝛽𝑏𝑏 ) + Σ𝑐𝑐=1
(𝑋𝑋𝑐𝑐 𝛽𝛽𝑐𝑐 )
ln �
1 − 𝑝𝑝
𝑝𝑝:
𝛽𝛽0 :
Locality:
𝑇𝑇𝑇𝑇:
𝐷𝐷𝐷𝐷:
𝑀𝑀𝑀𝑀:

The probability of having fibre
Intercept
Categorical variable (Urban/Rural/Industrial)
Variables on Techno-economics
Variables on Demand uncertainty
Variables on Market uncertainty

This regression has also been performed on a neighbourhood level wherein all variables have been
aggregated by taking the mean. The reason for this additional level model is to see whether similar
effects can be observed on a geographically more abstract level. Rollout at different levels of
geographical abstraction might bring out different dynamics, which could come to the surface by having
the models at household and at neighbourhood level. In this case, the response variable has been
rounded off to either a 0 or a 1. The interpretation of this variable has thus changed to a classification
of a neighbourhood where either the largest share of houses has a fibre connection or not. With the used
split between rural and urban, there are neighbourhoods which contain both rural and urban houses. For
these neighbourhoods, the locality variable in the first model has been replaced with the share of
addresses within the neighbourhood that belong to a certain locality mode. In that way, the model
coefficients can still yield the effects of locality on the response variable. For the second model only
the rural houses have been aggregated and only urban houses for the third model.
To evaluate what areas in the Netherlands can expect fibre rollout given the dataset and the modelled
variables, the regression model has been repurposed for prediction. For the households in the dataset,
the variables of the regression model will be used to predict whether the house will have a fibre
connection or not. The aim is to predict a situation which is in the future of the dataset, hence the
prediction will have to generalize. In order to make sure that the model will generalize, a larger test set
has been taken than the training set and down sampling has been applied to the training set. The model
has been predicted on a household level by taking a random train and test set at a 40-60 split, meaning
that 40% of the data has been randomly sampled for the training set and 60% for the prediction set. The
training set will be used to train the regression model on. Using the coefficients obtained during this
training a prediction will be made on each observation of the test set. That split ensures that the model
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has never encountered any of the test set observations in its training phase, thereby limiting the extent
to which the model overfits. Since the fibre penetration of the Netherlands is about 29%, there will be
considerably more non-fibre houses in the dataset in relation to the fibre houses. In order to address this
unbalance between prediction classes (i.e. non-fibre and fibre) in the data, down sampling has been
applied in the training set. This method ensures that an equal amount of both classes have been sampled
for the training set. Therefore, the model will be trained on a distribution of the classes which is more
reflective of future scenarios, in which a larger share of the Dutch households are connected to fibre.
As a result, it would discourage the model from predicting non-fibre substantially more frequently than
fibre, allowing for a better generalization of future rollout.
Equation 2: Formula for global Moran's I
𝐼𝐼 =

𝑁𝑁 �Σ𝑖𝑖 Σj 𝑤𝑤𝑖𝑖𝑖𝑖 (𝑥𝑥𝑖𝑖 − 𝑥𝑥̅ )�𝑥𝑥𝑗𝑗 − 𝑥𝑥̅ ��
Σ𝑖𝑖 (𝑥𝑥𝑖𝑖 − 𝑥𝑥̅ )2
𝑊𝑊

𝐼𝐼: Global Moran coefficient
𝑁𝑁: Number of observations
𝑊𝑊: Sum of all the weights
𝑤𝑤𝑖𝑖𝑖𝑖 : Weight between observation 𝑖𝑖 and 𝑗𝑗
𝑥𝑥: Fibre penetration
The literature emphasizes the need of a more spatial perspective in the analysis of broadband rollout
(Mack & Maciejewski, 2015; Oughton & Frias, 2017). As an answer to this call, an exploratory analysis
is included here, in which the positioning of the houses has been explored in relation to whether they
have been connected to fibre or not. This spatial analysis gives a better understanding of how fibre
rollout propagates through the Netherlands. To assess the clustering of houses according to their
broadband connection, the specific method of spatial autocorrelation has been used. The additional
value of spatial autocorrelation over the logistic regression is that it takes spatial dimensions into
account, especially in regards of clustering. The use of spatial autocorrelation has previously been
demonstrated by Grubesic (2006) to evaluate broadband clustering in the United States. Different
measures of spatial autocorrelation exist, yet the Moran’s I specifically has been chosen here for its
application of both global and local spatial autocorrelation and its availability in geographic analysis
tools. Its global variant assesses the extent of clustering and can determine whether rollout in the
Netherlands is an individual phenomenon or whether it occurs in clusters. The local variant of the
Moran’s I has been used here to delimit and identify the types of clusters in which fibre has clustered.
These two will be described in more detail below.
The global Moran’s I (see Equation 2) regularly has the following interpretation. If the coefficient is
close to 1, there are clear clusters of the value (Figure 3a). A coefficient of -1, however, implies an
alternating pattern (Figure 3b). The closer the coefficient comes to 0 the more random the pattern of
values becomes.
Figure 3: Checkerboard illustration of global Moran's I

(a)
(b)
In the analysis here, a slightly different method has been applied for the global Moran’s I. Pairs of
households will get assigned a weight (𝑤𝑤𝑖𝑖𝑖𝑖 ) of 1 when they are in the same region and 0 otherwise, thus
the weight matrix is determined by contiguity instead of distance. One reason for doing this is that its
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more feasible to compute within the limits of the hardware available. Another is that it allows for an
approach which focusses on the analysis of delimited regions. In this way, the Pearson correlation is
obtained for FttH connections in the same region. 𝐼𝐼 will yield a value between -1 and 1. A positive 𝐼𝐼
will indicate that houses with a fibre connection are clustered with another house which also has a fibre
connection, and non-fibre houses are clustered with non-fibre houses. This would imply a pattern of
clustering which follows the boundaries of the pre-determined region. An 𝐼𝐼 of 0 means that the spatial
distribution of fibre and non-fibre households is completely random. If 𝐼𝐼 is negative this means that
there is an alternating pattern between fibre houses, so non-fibre houses in the same area with a fibre
house and vice versa. In Figure 4 this has been illustrated by calculating the Moran’s I for all
neighbourhoods while taking the streets as regions within which houses are considered as neighbours.
Green points indicate houses with fibre while red dots indicate houses without fibre. The
neighbourhoods are coloured according to their global Moran’s I, going from orange (𝐼𝐼 = −1) to white
(𝐼𝐼 = 0) to dark blue (𝐼𝐼 = 1). In the orange neighbourhood, the streets have a similar number of fibre
houses as the non-fibre houses within that street. In the light blue neighbourhood (Figure 4, right image)
there is a more random pattern between fibre and non-fibre houses within the streets. The dark blue
neighbourhoods have streets which have clear clusters of either fibre or no fibre.
Figure 4: Global Moran's I for streets within neighbourhoods

Equation 3: Formula for local Moran's I
𝐼𝐼𝑖𝑖 = 𝑧𝑧𝑖𝑖 Σ𝑗𝑗 𝑤𝑤𝑖𝑖𝑖𝑖 𝑧𝑧𝑗𝑗

𝐼𝐼𝑖𝑖 : Local Moran coefficient at observation 𝑖𝑖
𝑤𝑤𝑖𝑖𝑖𝑖 : Weight between observation 𝑖𝑖 and 𝑗𝑗
𝑧𝑧: Deviation of fibre penetration from the mean

Whereas the global Moran’s I only tells something about the overall regions, the local Moran’s I (see
Equation 3) splits up this statistic for each specific observation. 𝐼𝐼 is calculated for every observation
𝑖𝑖 ∈ 𝑆𝑆, with 𝑆𝑆 being the set of observations, 𝑧𝑧 as the deviation from the mean, 𝑗𝑗 ∈ 𝑆𝑆 and 𝑗𝑗 ≠ 𝑖𝑖 (Anselin,
1995). This method has been used because each observed region can be evaluated according to their
neighbouring areas. In contrast to the analysis of the global Moran’s I, Queen contingency has been
applied to regard regions as neighbours for the local Moran’s I. This means that regions will be regarded
as neighbours when they share a common border. These neighbours can be direct neighbours in a firstorder analysis, or the neighbours of neighbours in a second-order analysis (including lower orders). In
Grubesic (2006) and Mack (2014) the results of the local Moran’s I have been categorized according to
the following, so-called, LISA (local indicator of spatial association) categorization (Anselin, 1995).
The use of this method for spatial broadband analyses has also been suggested in Mack & Maciejewski
(2015). It is the LISA categorization specifically, that allows the local Moran’s I to contribute to this
research, as it provides a vocabularly to explain the observations of spatial rollout. In LISA, the
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deviation from the mean in a neighbourhood is compared to the level of fibre houses in neighbouring
regions:
-

High-high: the core
Low-low: the periphery
Low-high: islands of inequity
High-low: islands of availability

The names have been derived from the quadrants in a Moran scatterplot (Figure 5). The points plotted
on the plane in Figure 5 represent individual observations, and the slope of the line fitted through these
points equals the global Moran’s I which is based on Queen contingency. The first low/high LISA
categorization stands for the value of that specific observation itself (Figure 5, horizontal axis). The
second category refers to the average value in neighbouring regions, therein functioning as a lagged
variable (Figure 5, vertical axis). The high-high and low-low categories indicate that the observation is
part of a larger cluster, as neighbouring observations have a similar level of fibre houses as the
observation itself. Most interesting are thus the low-high observations where the observation itself has
a low share of fibre houses, but the neighbouring observations have a high share of fibre houses. The
same holds for high-low, which represent hubs of high fibre connectivity surrounded by observations
with a low share of fibre households. For the first two categories the spatial autocorrelation is high,
whereas the local Moran statistic would be low for the latter two categories, which can be considered
as spatial outliers.

Lagged fibre penetration

Figure 5: Moran scatterplot
Low-high

High-high

Low-low

High-low

Fibre penetration

This scatterplot has only been presented to explain the method. It therefore does not present any analysis results.

3.3 Discussion and descriptive analysis of the variables

Below in Table 1, the main variables to be used in the regression have been summarized. These variables
are further explored and processed in the sections that follow. Several variables are only available at a
specific level of analysis, as has been indicated in the second column of Table 1. For the household
level regression model, this implies that the neighbourhood level variables are seen as determinants of
a house being in an area where that specific characteristic applies. For the model at the level of the
neighbourhood, some variables will require aggregation. In that case the household level variables have
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been aggregated by taking the mean. First the dependent variable will be described after which all
independent variables will now be discussed per category.
3.3.1 Fibre availability
Data on the fibre availability of households indicates whether households have a fibre connection or
not. This only describes whether a connection is present. Therefore, it does not imply that the household
has subscribed for the fibre connection. The variable is coded binary as 0 for no fibre and 1 for fibre
and is used as the dependent variable in the logistic regressions. The variable only contains information
which has been made available by fibre deployers for this dataset. All households for which no
information on fibre connectivity is available are considered as non-fibre households. Therefore the
dataset might suffer from underreporting for some regions. The main fibre deployers included in the
dataset are KPN and CIF. Next to that the dataset contains data on business parks which have a fibre
connection and some regional providers. For the province of Zeeland there appears to be a considerable
lack of data, this region will therefore not be well represented in the analysis. Also the fibre initiatives
are underrepresented in the dataset. This means that the dependent variable in this analysis actually
represents the availability of fibre connections rolled out by major fibre deployers. Thus, the regression
model will be a generalization of the strategy of the major rollout parties which are included in the
dataset.
3.3.2 Locality
In the analyses that follows, the difference between rural and urban will be taken into account based on
the bevolkingskernen as they are defined by the CBS (2011). It conforms with the United Nations term
of locality and considers areas with at least 50 residents and at least 25 households in an uninterrupted
recognizable pattern as urban. Intersecting these urban areas with the households in the dataset gives a
number of 875,591 households that are located in rural areas. For the rural houses 14.7% has a fibre
connection and for the urban houses this share is more than double, namely 30.1%. A Chi-squared test
confirms this difference in fibre penetration between rural and urban areas in the Netherlands to be
significant (𝑝𝑝 < 2.2 ∙ 10−16) at 𝛼𝛼 = 0.05.
Table 1: Variables used in the regression (Table continues at the next page)

Weight
Locality
(Rural,
Urban,
Industrial
park)
TechnoEconomics
Distance to
Eurofibre
backbone
Distance to
next house
with fibre
Average
height of
trees within
a radius of
20m

Level of
analysis
Municipality

Year

Source

2017

Household

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

Glaskaart Stratix
2017
(CBS, 2011)

Household

𝑚𝑚

2017

(Eurofiber, 2017a)

2017

Dialogic dataset

2017

(Ministerie van
Binnenlandse Zaken,
2017)

Household
Household

Units

𝑚𝑚
𝑚𝑚
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2011
(Rural/Urban)
2017
(Industrial
park)

Low quality
ground
Percentage
of
waterbodies
Density of
houses
Distance to
next house
Percentage
of multiple
family
buildings
(apartments,
flats)
Demand
Uncertainty
Consumers
(N=
8,666,312)
Gender

Municipality

Age

Neighbourhood

Average
Income
Education
level
Religion
(Non)western
background
Market
Uncertainty
HHI

Neighbourhood

Availability
of coax

Neighbourhood
Neighbourhood
Household

%(𝑝𝑝𝑝𝑝𝑝𝑝 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔)

2017

(CBS, 2018a)

2017

Kerncijfers wijken en
buurten 2017

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴/(ℎ𝑎𝑎)

2016

Kerncijfers wijken en
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3.3.3 Techno-economics
For the techno-economics of fibre, proxies are used which determine the costs of the physical
deployment of fibre. In practical terms this is the distance required to connect a house to the fibre
network. This includes the distance to the next house with fibre but possibly also the distance to the
network backbone. The sub-loop length is herein determined by the distance to the Eurofiber backbone.
However, the Eurofiber backbone is not the only backbone in the Netherlands. But since it is the only
backbone information available and the Eurofiber network is open to use of other providers, it will be
regarded as a proxy for backbone infrastructure in general.
Given an approximation of €20 to €30 per metre of fibre (Brennenraedts et al., 2015), these variables
could also be expressed in costs. To indicate the influence of distances on fibre rollout for different
providers, the distribution has been plotted of the distance from every house to the closest house with
a fibre connection, in Figure 6. The x-axis gives the distance on a logarithmic scale. Since the
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distributions have been split out according to provider, it shows that KPN mostly has fibre connections
for terraced houses and stops rollout at shorter distances than CIF or other fibre parties. Eventually the
distance to the next fibre connection for fibre-connected houses stops at about 2.5 km. But it mostly
increases already at about 50 m, this can be seen as equal to €1,000 to €1,500.
Figure 6: Kernel density plot of distance to the next fibre connection

No fibre
KPN FttH
CIF FttH
Other FttH (No CIF, no KPN)

0.20
0.00

0.05

0.10

0.15

Density

0.25

0.30

0.35

Distance to the next fibre-connected house

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

Distance in metres to the next house with fibre (natural logarithmic scale)

The variables that describe the density of houses and distance to the next house could give the
impression of measuring the same phenomenon. But the distance to the next house has been included
as an additional variable to control for remoteness of houses, as it is able to capture the proximity of
houses at different scale than the density measure for neighbourhoods. This measurement will be
capable of highlighting spatial outliers.
Physical obstacles, such as the proximity to trees and water bodies will also be included in the
regression. These are often expected to hamper the rollout process, as fibre cable ducts need to be
diverted around the obstacles. The water bodies have been calculated as the percentage of the
neighbourhood’s surface which is covered by water. The proxy used for trees is determined by the
average tree height in a radius of 20 m from every household. The dataset on tree height was obtained
from the Rijksinstituut voor Volksgezondheid en Milieu (RIVM). The RIVM has derived this dataset
from a height scan of the Netherlands. The dataset contains trees with height ranging from 2.5 to 50 m,
measured from the ground. This dataset has been provided in a raster where every pixel represents an
area of 10 by 10 m (Ministerie van Binnenlandse Zaken, 2017). Another physical aspect which might
influence the costs is the ground quality. This could force the infrastructure deployer to put the cables
deeper in the ground, but is also used by municipalities to constitute the additional fees deployers have
to pay for the recovering of the ground and tileworks. The ground quality variable used here determines
the percentage of bad quality soil (meaning clay and peat) in a municipality.
The main descriptive statistics of the techno-economic variables can be seen in Table 2. The descriptive
statistics of these variables in the rural and urban dataset can be found in the appendix (see Table 13
and Table 14).
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Table 2: Descriptives of techno-economic variables
Variables

Minimum Mean
0.0
0.0
0.0
0.0
0.0
0.0

Maximum Standard
deviation
1,387.0 37,088.0
2,667.4
5.0
49.0
3.4
24.6
100.0
31.6
3.7
100.0
7.4
25.1
234.0
26.0
9.1
690.0
20.1

Missing
values
0
0
705,295
0
335,941
983

Distance to Eurofiber backbone
Average tree height
Low quality ground
Percentage of waterbodies
Density of houses
Distance to next house
Percentage of multiple family
buildings (apartments, flats)

0.0

35.9

436,105

100.0

30.6

3.3.4 Market uncertainty
The presence of a coax connection will also be included as an independent variable, given the high
performance of coax under the latest DOCSIS standard and the expectation that consumers are
insensitive to the connection type, yet sensitive to speed (Fourie & De Bijl, 2017). The variable included
is defined by the number of coax connections that every individual house has. This is based on a
selection of providers for which the data was available, resulting in 7 million houses with one coax
connection and just 92 houses with more than one coax connection. The coverage of the coax data is
expected to be 90 to 95% of all household coax connections in the Netherlands.
The presence of alternative infrastructures is, according to Bourreau et al. (2017), another factor which
influences the deployment of broadband. Data on the presence of possible substitutes will be used to
estimate a Herfindahl Hirschman Index (HHI) as is done in Fourie & De Bijl (2017), to determine the
market uncertainty in the Dutch fibre market. As there is no specific data available about the local
market shares of specific providers, the analysis here will look at the market share of broadband
technology types. This measure is a proxy for the inverse of facililty-based competition as it is used in
the article of Haucap et al. (2016). In the regression here the HHI has been calculated per neighbourhood
according to Equation 4, with 𝑝𝑝 being the share of houses in that neighbourhood with that specific
technology. Herein the fastest available technology is taken into account, so that all shares together sum
up to 100. This means that the technologies supersede each other in the order (from high to low) of:
fibre, cable, copper over 30 Mbps and wireless broadband. So, for every neighbourhood it is calculated
what the share of houses is with these four specific technologies as the most superior connection to that
house. The shares are stored as percentages, the maximum possible HHI is therefore 10000. On average
the dataset yields an HHI of 7,856, which can be considered as high concentration per neighbourhood.
This could be seen as an indication that, on a neighbourhood basis, there is a high concentration of the
same technology.
Equation 4: Calculation of the HHI
2
2
2
2
𝐻𝐻𝐻𝐻𝐻𝐻 = 𝑝𝑝𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
+ 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
+ 𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
+ 𝑝𝑝𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

𝐻𝐻𝐻𝐻𝐻𝐻: Herfindahl Hirschman Index
𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 : The share of a specific 𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛

3.3.5 Demand uncertainty
Demand uncertainty actually determines the rollout in terms of adoption. Adoption studies already
indicate that income and level of education are determining factors, therefore the analysis will explore
whether such characteristics also hold for deployment (Flamm & Chaudhuri, 2007; Quaglione et al.,
2018). The data available for this part of the analysis does not have a high level of detail, as the data is
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mostly available at neighbourhood or municipal level only. Hence, the independent variables on
demand uncertainty will classify the type of neighbourhood a house is located in, in terms of
demographical characteristics. The demographical variables of gender, marital status, age and level of
education are used here because they have been found to have effects on broadband rollout in previous
studies (Dwivedi & Lal, 2007; Flamm & Chaudhuri, 2007; Quaglione et al., 2018). The other variables
have been included to observe whether other socio-cultural determinants of a neighbourhood also can
have an impact on the demand for fibre.
Figure 7: Correlogram for the factor variables

The variables have been automatically sorted by the first principal component order. Both the size and the colour of the cells indicate the
Pearson correlation coefficient.

However, including all predictor variables listed in Table 1, in their current form, would lead to a logit
model with high multicollinearity. Using the rule of thumb of interpreting VIF values above 5 as
multicollinearity, most of the social predictors appear to be related. Herein VIF values of over 10 could
be found for cultural and religious predictor variables. This has led to the decision of applying an
exploratory factor analysis on the demand uncertainty variables, in order to extract uncorrelated factors.
The correlation plot above (Figure 7) also indicates how these variables are related.
Figure 8: Scree plots of set 1 (left) and set 2 (right)
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From this it can be observed that the age group variables and marital status are correlated with each
other. The percentage of woman is positively correlated with the highest age group, indicating that
woman are generally older than man. This will be the first set of demographic indicators. A second set
of factors will be obtained from a combination of religious, education level and cultural diversity
variables.
Figure 8 shows the scree plots with the eigen values for the factors in both sets. Taking eigen values of
around 1 as a threshold, it suggests that about three factors should be extracted for both sets.
Table 3: Loadings of the factor analysis for the first set
Variables
Factor 1 Factor 2 Factor 3
Age 00-14
-0.43
Age 15-24
-0.55
Age 25-44
-0.76
-0.30
Age 45-64
0.70
Age ≥65
0.45
0.81
Women
0.51
Unmarried
-0.93
Married
0.95
-0.31
Divorced
0.97
Widowed
0.97
Proportional variance
0.34
0.24
0.12

Loadings are cut off at 0.3.

The loadings of the variables onto the factors can be observed in Table 3 for set 1 and Table 4 for set 2.
From the first set of factors, three main factors have been extracted. Factor 1 appears to represent a
scale from students to families, factor 2 appears to represent age, and factor 3 goes from married to
divorced. The second set of factors is supplemented with variables on cultural diversity. The factors
that can be identified here are, Dutch to multi-cultural for factor 1, education level from high to low for
factor 2 and Reformed to Catholic for factor 3. Given the geographic split between Reformed and
Catholic Christians in the Netherlands, factor 3 can also be loosely interpreted as going from north to
south.
There are several incomplete cases in the data, especially in rural areas. Those appear to be caused by
the high number of missing values for the variables on the country of origin. The variable on nonwestern background has less missing values and is highly correlated with all these variables. Therefore,
a KNN imputation (𝑘𝑘 = 11) has been used to impute these missing values on the country of origin.
Essentially this can be regarded as mean imputation, but in this case the mean is taken only from the 𝑘𝑘
observations which appear to be nearest to the missing observation. This proximity has been taken in
terms of geographic coordinates and in terms of the second set of variables used for the factor analysis.
Both sets of factors explain a considerable amount of the variance, as the first set accounts for 70% of
the variance and the second set for 64% of the variance. As a result of the factor analysis, all factors
have been standardized around a mean of 0. Including these factors into the regression has solved the
multicollinearity problem, since all VIF values are now below 5.
Of course, these values differ across rural and urban areas, as these are characterized by different social
groups. On average rural areas appear to have lower extends of multiculturality and higher shares of
people with a lower education. The larger amount of farmland in rural areas, also make them more
characterized by agricultural industry. For the analysis, the implication of this distinction is that fibre
rollout will be characterized by different demand groups for urban and rural regions.
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Table 4: Loadings of the factor analysis for the second set
Variables
Factor 1 Factor 2 Factor 3
High education
-1.00
Middle education
0.54
Low education
0.88
Catholic
0.99
Islam
0.58
-0.35
Reformed
0.32
-0.68
Religious
0.66
Western immigrants
0.30
-0.42
Non-western immigrants
0.97
Background from Morocco
0.72
Netherlands Antilles
0.64
Surinam
0.69
Turkey
0.72
Proportional variance
0.30
0.20
0.14

Loadings are cut off at 0.3.

3.4 Summary

This research explores the rollout of fibre in the Netherlands largely from a quantitative angle. A
household level dataset on fibre connectivity in the Netherlands is used along readily available statistics.
These have been modelled into a logistic regression with fibre connectivity as the dependent variable.
Three different models have been used so that the difference in dynamics between rural and urban
regions can be evaluated as well, keeping the digital divide in mind. This set of models has been run on
both a household and a neighbourhood level, to further evaluate the dynamics on a different level of
geographic abstraction. The coefficients will serve to explain the effects of techno-economics, market
uncertainty and demand uncertainty on the availability of a fibre connection. These coefficients are used
in a prediction model to predict future rollout.
The fibre connectivity dataset is further explored using spatial methods. The global Moran’s I can
contribute by assessing the extent of clustering and the boundaries of clusters in regions. The
contribution of the local Moran’s I in the analysis here lies in its ability to identify specific types of
rollout regions.
After the method section, the chapter has described the main variables to be used in the analysis. A
variety of sources is used to obtain the data and the social explanatory variables had to be modelled into
independent variables before the regression analysis.
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4. Main results
4.1 Introduction

This chapter will present the results of both the regression analysis and the geo-spatial analysis. The
regression analysis starts at a household level, to see how individual household characteristics can
determine the availability of fibre on an individual level. The same model is fitted again, but then on
data aggregated to a neighbourhood level. The coefficients of the resulting models indicate what effects
the techno-economic, market uncertainty and demand uncertainty factors have. These models are then
used to construct a prediction model out of these coefficients. However, as an additional method, the
clustering and possible rollout of fibre will be assessed, using both the global and local Moran’s I.
Rollout is a spatial process and these spatial correlation statistics will highlight that characteristic. The
global Moran’s I will determine at which level fibre is generally being rolled out. The local Moran’s I,
on the other hand, will show how fibre might spread between specific regions themselves and how these
specific regions cluster. Thereafter, this local Moran’s I is further explored on a smaller dataset over
time. This chapter will end with a section where the regression and Moran’s I are used together to
classify the characteristics of the identified cluster regions.

4.2 Regression coefficients

The first step is to run a regression on household dataset to explore which factors have contributed to
successful fibre rollout in the Netherlands so far. For this regression two levels of analysis are
considered, being household level and neighbourhood level. Within these levels three models have been
fitted, one on all houses, one on only rural houses and the third model on only urban houses.
The logistic regression requires a complete case analysis, therefore observations with missing values
had to be dropped. In total, the dataset contains 8,914,296 observations which are all separate addresses,
829,171 of the households in the dataset are in rural areas, 7,837,141 households are within urban areas
and 247,984 observations are within industrial parks. In the household level regression, this would mean
12.8%, 9.3%, and 12.5% of the observations are dropped for the full, rural and urban model,
respectively. The same set of models has been fitted at a neighbourhood level. In this aggregated model
there is a total of 13,184 observations, corresponding to the number of neighbourhoods. The percentage
of dropped observations for the aggregated models is 19.8%, 18.6% and 14.5% for the full, rural and
urban model, respectively. A summary of the main highlights of the regression can be found in Table
7.
The odds ratio of the household level model predictors can be found in Table 5. All variables are highly
significant for the three models and the McFadden Pseudo R2’s are slightly below an excellent fit, as
an excellent fit would be between 0.2 and 0.4 (McFadden, 1978, p. 35). In this case, the model also fits
better for the rural case, than for the urban one. All results in the tables have standardized dependent
variables, so the results of the regression can be compared across variables.
An inherent property of logistic regression is that it is based on log-odds. The 𝛽𝛽’s reported cannot be
interpreted as they would have been interpreted in a linear regression. The results presented here in the
table are the exponentiated log-odds, which results in odds ratios. These represent by what ratio the
𝑝𝑝
odds of having fibre ( , with 𝑝𝑝 being the probability of having fibre) changes, if the independent
1−𝑝𝑝

variable in question is changed by one unit. Odds ratios above 1, thus represent an increase in odds,
while an odds ratio below 1 represents a decrease in odds. Since the tables below report the coefficients
for standardized independent variables, the results should be interpreted in the way that one standard
deviation change in the independent variable has a reported ratio change in the odds of having fibre.
This means that one standard-deviation increase in the distance to the backbone decreases the odds of
having fibre by about 18%. Yet, an increase in backbone distance by 2 standard deviations, decreases
the odds for fibre by 33% (0.822 = 0.6724). In the appendix the non-standardized versions of the
coefficients have been presented (see Table 13 and Table 14).
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Since the household level model takes industrial parks as the first level, rural as the second and urban
as the third level of location, the intercept represents the industrial level. The results already demonstrate
that rural houses are less likely to receive a fibre connection than urban houses or industrial parks. The
different models, for rural and urban houses only, also show how effects differ between rural and urban
households. Furthermore, the intercept of the full dataset model is negative. This means that industrial
parks appear less likely to receive fibre. Different reasons can be named for this observation. Firstly, it
could mean that industrial parks indeed do not appear to show a preference towards fibre. So even
though high bandwidth technologies are expected to have several economic benefits, industries still
appear inhibited from investing in a fibre infrastructure. This would be in line with what has been
reported in Sadowski et al. (2015). Secondly, the reason for observing this effect could also be attributed
to the incompleteness of the dataset. It is possible that some industrial parks which have fibre are just
not included in the dataset. Thirdly, the observation might correspond with the real situation, but
perhaps fibre is only deemed important by industries in very specific sectors. In the analysis no
distinction has been made between sectors or between knowledge intensive firms, therefore it cannot
be verified what exactly lies behind this observation.
Table 5: Odds ratios results for regression model at household level for standardized independent
variables
Predictors
Intercept
Locality (rural, urban) with regards to
industrial park
Techno-Economics
Distance to backbone
Density of houses
Distance to the next house
Low quality ground
Multiple family dwellings
Water bodies
Trees
Demand Uncertainty
Average income
Multicultural
Lower education
Catholic
Family
Older Age
Divorced
Market Uncertainty
HHI
Coax connection
Pseudo 𝑹𝑹𝟐𝟐 (McFadden)
N (missing values have been omitted
listwise)

Odds ratios
Full Dataset
Model
0.461
***
0.381
***
1.375
***

Rural Model

Urban Model

0.107

***

0.698

***

0.820
0.922
0.870
0.755
0.743
0.901
0.923

***
***
***
***
***
***
***

0.767
1.271
0.801
0.845
1.202
0.971
0.822

***
***
***
***
***
***
***

0.839
0.972
0.970
0.738
0.695
0.895
0.939

***
***
***
***
***
***
***

1.011
1.242
0.949
0.964
1.028
0.958
0.717

***
***
***
***
***
***
***

0.976
0.932
1.042
1.264
0.830
0.864
0.583

***
***
***
***
***
***
***

1.010
1.306
0.941
0.948
1.079
0.955
0.722

***
***
***
***
***
***
***

1.156
0.602

***
***

1.933
1.179

***
***

1.047
0.534

***
***

0.156
7,774,109

0.192
751,814

Significance 𝑝𝑝 is denoted by *** for < 10−6 , ** for 0.01, * for 0.05, and no symbol for > 0.05.
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0.146
6,860,267

Table 6 shows the regression results on neighbourhood level. Despite the loss of significance for several
factors, most variables have similar results for the odds ratio as in the household level. The McFadden
Pseudo R2’s have increased and are now within a range of excellent fit, hence the model explains a
higher share of the variability on a neighbourhood level. In contrast to the household level model, the
full dataset model here represents the extent of rurality as a ratio, instead of a categorical variable with
three levels. The reason for this is that the model data is now aggregated by taking the mean of all
household variables per neighbourhood. Next, the results of the regression tables will be discussed
following the three main predictor categories, Techno-Economics, Demand Uncertainty and Market
Uncertainty.
Table 6: Odds ratios results for regression model at neighbourhood level for standardized independent
variables
Predictors
Intercept
Urban (compared to rural)
Industrial park (compared to non-industrial)
Techno-Economics
Distance to backbone
Density of houses
Distance to the next house
Low quality ground
Multiple family dwellings
Water bodies
Trees
Demand Uncertainty
Average income
Multicultural
Lower education
Catholic
Family
Older Age
Divorced
Market Uncertainty
HHI
Coax connection
Pseudo 𝑹𝑹𝟐𝟐 (McFadden)
N (missing values have been omitted)

Odds ratios
Full Dataset
Model
0.210
***
5.294
***
0.567
**
0.730
0.934
0.434
0.658
0.907
0.851
0.902
1.013
1.138
0.958
1.005
1.001
0.916
0.713
1.349
0.222
0.2788341
1,0573

***
.
***
***
*
***
**

Rural Model

Urban Model

0.118

***

1.011

0.824
1.352
0.382
0.773
1.170
0.798
1.028

***
***
***
***
**
**

0.708
1.042
0.451
0.634
0.844
0.848
0.876

**
***

1.042
0.888
1.085
1.261
0.927
0.852
0.571

***
***

2.192
0.523

***

0.2608977
6,766

Significance 𝑝𝑝 is denoted by *** for < 10−6 , ** for 0.01, * for 0.05, and no symbol for > 0.05.

***
***

1.028
1.238
0.939
1.003
1.093
0.953
0.723

***
***

1.121
0.283

*
***

***
***
***
***
***
***
***
*
***
***
***

0.1796136
8,299

4.2.1 Techno-economics
As expected, most techno-economic variables have a negative effect in all three models. Variables that
increase the required fibre cable length and obstacles such as, trees and water bodies, appear to
significantly decrease the odds of having fibre. This confirms that obstacles and longer cable lengths
indeed show to limit the rollout of fibre for regions where the presence of these factors is high. As these
variables increase the cable length, they also amount to an increase in the cable and digging costs. The
negative coefficients, therefore, indirectly imply that costs are, obviously, an important factor in the
choice of whether to invest in a fibre deployment project or not. The results regarding the distance to
the Eurofiber backbone also appear to imply that most fibre projects in the dataset either make use of
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the Eurofiber backbone or have backbone infrastructures close to Eurofiber’s. A major part of the
observations in the dataset used have a fibre connection by KPN. The backbone structure of KPN is
even more extensive, meaning that this effect might have been stronger if the distance to KPN’s
backbone was used.
Different types of buildings or densities of neighbourhoods also appear to affect the rollout of fibre. In
rural areas, higher densities of houses, appears to have a positive effect, whilst it has a negative effect
on the presence of fibre in urban regions. One would expect higher densities of houses to have a positive
effect on the presence of fibre, as shorter cables are required. This is also reflected in the odds ratio for
the distance to the next household. In order to find out the reason for the counterintuitive odds ratio for
density in the urban model, a new model has been fitted using only urban houses with a distance to the
next house which is lower than 5 metres. After that, the sign for the odds ratio of the density in the
urban model becomes positive as well. Assuming that these are mainly apartment buildings that have
this short distance to the next house, this implies that the odds of having fibre is lower in neighbourhoods
with mostly apartment buildings.
4.2.2 Market uncertainty
A prominent effect is demonstrated by the presence of coax cable in urban regions, which has a negative
effect. Apparently, a coax connection is indeed a good substitute for fibre in urban areas. On rural
household level, however, a coax connection creates a favourable scenario for fibre. While exact reason
for this remains unclear, a possible explanation for this may be that there are longer loop lengths in rural
areas, making fibre more superior to coax. As has been discussed before, shorter loop lengths allows
coax to be a substitute of fibre in terms of speed. A more plausible explanation would be that this
distinction is largely caused by houses that are situated at the periphery of the city. Given that the
distinction between rural and urban houses is derived from a 2011 dataset, these houses could also
mainly be newly built, causing their location to be urban now, but rural before 2011. After aggregation
to a neighbourhood model, the sign of this effect in rural regions is in line again with the urban model.
Market uncertainty in terms of the HHI has a minor positive effect on fibre rollout at household level.
Higher concentrations of a specific connection type thus results in a higher chance of fibre. These effects
become more pronounced for the models on neighbourhood level. To exclude the possibility that this
positive coefficient is caused by the fact that fibre clusters in neighbourhoods, the regression has also
been performed with an HHI which leaves out fibre. This has yielded similarly positive effects, meaning
that higher market concentrations of a specific broadband technology increase the odds for fibre.
4.2.3 Demand uncertainty
Turning to the social factors, significant effects have been observed for age. As has already been
reported in previous literature, older age negatively impacts the odds of having fibre. In addition, lower
education only increases the odds in rural regions, but not in urban regions. And so does the extent of
multiculturality in the neighbourhood decrease the odds of fibre in rural regions, but not in urban
regions. The regression also shows minor effects for average income. Higher income neighbourhoods
only slightly increases the odds of fibre for urban houses, while for houses in lower income
neighbourhoods the opposite is the case. These differences could indicate that adoption differs between
rural and urban areas and that in both areas fibre is being deployed for different demand groups. Due to
the factor analysis, the other factors, like Catholic, Family, and Divorced have become less clear to
explain as they can have multiple meanings. The model also shows this difference between urban and
rural for the former two of these effects. The factor for Divorced, on the other hand has a considerable
negative effect throughout the models. One major observation, however, is that no significant effects
can be found for most of the demand uncertainty factors at a neighbourhood level.
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Table 7: Highlights of the regression results
Regression highlights
Location denomination • Rural areas are considerably less likely to receive fibre connections.
• Industrial parks are also less likely to receive fibre connections.
Techno-economics
• Costs are an important factor.
• Distances between connection points matter for the presence of fibre.
• A low level of ground quality and obstacles, such as water bodies and
trees, decrease the odds of having fibre.
Market uncertainty
• Coax is able to compete with fibre.
Demand uncertainty
• Social demand groups in urban and rural areas have opposite effects on
fibre.
• Higher age groups have a negative effect on the presence of fibre.
• Social factors are less significant on a neighbourhood level.
4.2.4 Prediction results
The regression coefficients can also be reused to predict fibre rollout in the entire Netherlands,
according to the model. As is shown in the confusion matrix (see Table 8) the prediction has a low
sensitivity, as it does not appear to perform so well in identifying areas that are currently connected to
fibre. The level of specificity demonstrates that the model is better at identifying areas where there is
no fibre. As this unbalance showed to be worse when training on a completely random training set, the
training set has been balanced through downsampling. Therefore the training data included as much
fibre as non-fibre datapoints. As a results the model has improved in its ability to generalize and
therefore also shows to misclassify a portion of the houses as positive for fibre. These locations are
where fibre could be expected next. The predictions made under this model are all under the assumption
that the rollout parties included in the dataset will continue the strategy as learned by the model.
Table 8: Confusion matrix of full model prediction on neighbourhood level
Reference
Prediction
0 (No fibre) 1 (Fibre)
0 1,727,542 1,529,803
1 388,432
1,018,843
Accuracy
0.5888
Sensitivity
0.3998
Specificity
0.8164
With these performance metrics, the model does not have a lot of predictive power, but a visual
inspection of its prediction is at least able to explain some dynamics of rollout. Predicting rollout using
the full model on a household level yields the resulting predictions presented in Figure 9. This figure
only shows observations that ended up in the prediction set and were complete for all independent
variables. Green indicates the positive predictions for fibre where the true value for fibre connectivity
was negative. Red indicates the predictions which have been classified as negative, while they were
positive. For the cases in which the model agreed with the ground truth, only the negative points have
been plotted (in orange).
The green observations appear to have spread to the centre of villages, medium-sized cities and the
outer neighbourhoods of large cities. This implies that most households which are in close vicinity of
the built environment are predicted to receive fibre. That observation mainly appears to hold for the
areas where houses are close to each other, but not too close together. An interesting observation is that
it also predicts fibre for several areas in the Zeeland province. For this province the datasets used here
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does not include the coverage of fibre connections for households. Yet still several villages and cities
are predicted to be viable for rollout here.
Figure 9: Fibre rollout prediction error according to the full household level regression model

(OpenStreetMap contributors, 2018)

The red observations indicate areas which appear to deviate from the average strategy of rollout that
has been recognized by the model. With the exclusion of some cities, the entire CIF rollout region in
the east of the Netherlands has not been predicted to have fibre by the model, while it actually has. Also
the centres of some cities and some remote areas appear to fall within this category. This implies that
some other variables, which has not been included in the model, might have played a role here in making
the investment in fibre rollout feasible. The rollout of CIF in Overijssel, thus, considerably falls out of
place in relation to the main rollout behaviour in the dataset.
The orange observations are also important, as they point out the locations where fibre rollout should
not be expected from the major rollout parties in the near future. There appear to be two major kinds of
areas which are predicted to not receive fibre. On the one hand there are the rural and remote areas.
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These appear to be small villages and houses which are located sparsely over the region. Yet on the
other hand there are the centres of some of large sized cities. These centres with high densities of
households do thus not appear attractive enough to deploy with fibre.

4.3 Geo-spatial analysis
4.3.1 Global Moran’s I
The regression has only taken into account local characteristics, without taking into account the spatial
relations. Spatial autocorrelation shows the extent to which spatial clustering plays a role and also
statistically identifies clustering. Starting with the global Moran’s I, the results are shown in Table 9.
Herein houses within the same region are taken as neighbours (have a weight of 1) and pairs of houses
that are not in the same region are not regarded as neighbours (here the weight for that pair is 0). Global
Moran’s I values that are close to 0, normally indicate a total random pattern. Negative values that
approach -1, indicate complete dispersion, meaning that for every house with fibre in the same signified
region, there is also a house without fibre. In that case, half of that region generally has fibre. A positive
spatial correlation approaching 1, on the other hand, would support the claim of perfect clustering
according to the specified region. Therein, all the houses within the same region are either connected to
fibre or not connected to fibre at all. This spatial correlation coefficient has been calculated for the entire
Netherlands, taking the respective region designations, from macro to micro scale, of municipalities,
zip code 4 areas, neighbourhoods and zip code 6 areas. The reason for evaluating these different scales
is to explore how rollout is spatially characterized at different categories of region sizes.
Table 9 shows that zip code 6 regions, which is practically at street level, yield a high correlation. This
indicates that in most cases the entire street is being connected to fibre or is not connected to fibre.
Cases where only a part of the street is connected by fibre are thus rare. For neighbourhoods the Moran’s
I is lower, but still considerably high. This would indicate that there is a high correlation between
connectivity by fibre for houses within the same neighbourhood. The value on the neighbourhood level
is also higher for urban areas than for rural areas, 0.814 (𝑝𝑝 < 10−6 ) against 0.686 (𝑝𝑝 < 10−6 )
respectively. Increasing the specified region size, it can be observed that the coefficient drops sharply.
Zip code 4 regions are generally larger than neighbourhoods. The lower value for its autocorrelation in
comparison to neighbourhoods also indicates that fibre rollout is less clustered according zip code 4
areas. For municipalities, this value is even lower, as not many municipalities have a fibre penetration
which is close to either 100% or 0%. This implies that fibre projects indeed seem to be rolled out at a
per-neighbourhood basis. This observation conforms with the project plans of rollout actors, in which
they mostly target projects on a per-neighbourhoods or borough basis.
Another implication of the high Moran’s I for neighbourhood regions within the Netherlands is that the
logit regression can also be run at a neighbourhood level, instead of a household level. As
neighbourhoods appear to be good delineators for fibre clustering, they can be regarded as separate
units. Since several variables used in the regression are only available at neighbourhood level, this
implication might indicate that it was valid to aggregate the data for the regression towards a
neighbourhood level. But at the same time, a high degree of spatial correlation also introduces spatial
error into the regression.
Table 9: Moran’s I per region category
Region category
Municipality
Zip code 4
Neighbourhood
Zip code 6

Moran’s I
0.344***
0.695***
0.804***
0.896***

Significance 𝑝𝑝 is denoted by *** for < 10−6 , ** for 0.01, * for 0.05, and no symbol for > 0.05.
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These correlation values can also be split out per province, allowing a view which highlights the
variation between provinces. In Table 10 the Moran’s I values have been listed per province, for
different regional units. The differences between provinces quickly become apparent here. The most
interesting regions are, however, the provinces with lower correlation. In these provinces the regions
are characterized by the fact that only a part is fibre. This could be interpreted in different ways. Either
this region is currently being rolled out, or a fibre project has been cancelled and stopped there.
Nonetheless, from a practical point of view, the batch non-fibre houses in this region could be least
inexpensive to connect next for an upcoming fibre project in the near-future, as they are close to a fibre
infrastructure that is already in place. This phenomenon would be most plausible in regions where the
correlation is low on a PC6 level, but it could also be the case for low spatial autocorrelation on
neighbourhood level. This is less likely for regions with a high Moran statistic, because for those areas
there is either a small number of non-fibre houses, in relation to the houses with fibre, or there is a small
number of fibre houses. In the former case it would possibly imply that these houses are unconnected
due to the preference of the house owner and in the latter case it could imply that the connected houses
are either businesses or early adopters. Following this reasoning on a neighbourhood level, the
provinces of Flevoland and Utrecht in general could be expected to receive new fibre rollout projects
in a short term. For the province of Zeeland it can be observed that fibre is mainly rolled out at a street
level and that the clustered presence of fibre within municipalities is close to random. Although, the
reason for observing this effect might also be caused by the lack of data on the Zeeland province.
Table 10: Moran’s I for different region categories per province
Area
Drenthe

Municipality
0.159
***
Flevoland
0.043
***
Friesland
0.556
***
Gelderland
0.284
***
Groningen
0.187
***
Limburg
0.619
***
Noord-Brabant 0.353
***
Noord-Holland 0.095
***
Overijssel
0.445
***
Utrecht
0.347
***
Zeeland
0.009
***
Zuid-Holland
0.346
***

PC4
0.582
***
0.202
***
0.682
***
0.550
***
0.687
***
0.716
***
0.689
***
0.647
***
0.667
***
0.624
***
0.102
***
0.731
***

Neighbourhood
0.725
***
0.371
***
0.774
***
0.701
***
0.802
***
0.856
***
0.829
***
0.815
***
0.768
***
0.648
***
0.220
***
0.804
***

PC6
0.901
***
0.843
***
0.859
***
0.872
***
0.922
***
0.915
***
0.901
***
0.865
***
0.891
***
0.864
***
0.786
***
0.918
***

Significance 𝑝𝑝 is denoted by *** for < 10−6 , ** for 0.01, * for 0.05, and no symbol for > 0.05.

The results from Table 10 can only say something about the province in general, and does not
distinguish between different characterizations of areas within that province. It is expected that fibre
deployment follows different dynamics in urban than in rural areas. Therefore it will cluster differently
for these different modes of regions. In Table 11 the global Moran’s I is split out for urban and non37

urban per province. The provinces of Flevoland, Friesland, Overijssel and Utrecht appear to have a
lower clustering here for urban regions then for rural regions on both the neighbourhood and PC6 level.
This means that rural areas are clustered less randomly according to neighbourhood and zip code than
urban areas. Hence, less disparity is expected in urban areas than in rural areas of those provinces,
implying that rollout in rural parts of those provinces would require more attention. For the province of
Flevoland, for example, the global Moran coefficient would imply that urban regions are expected to
receive rollout, but rural regions of that province are not.
Table 11: Moran’s I for neighbourhood level per province split out by rural/urban houses
Area
Drenthe

Neighbourhood Rural
0.448
***
Flevoland
0.620
***
Friesland
0.710
***
Gelderland
0.627
***
Groningen
0.623
***
Limburg
0.551
***
Noord-Brabant 0.657
***
Noord-Holland 0.608
***
Overijssel
0.868
***
Utrecht
0.721
***
Zeeland
0.291
***
Zuid-Holland
0.566
***

Neighbourhood Urban
0.744
***
0.268
***
0.781
***
0.711
***
0.809
***
0.879
***
0.836
***
0.823
***
0.769
***
0.659
***
0.348
***
0.813
***

PC6 Rural
0.797
***
0.913
***
0.939
***
0.830
***
0.865
***
0.823
***
0.852
***
0.762
***
0.949
***
0.866
***
0.526
***
0.897
***

Significance 𝑝𝑝 is denoted by *** for < 10−6 , ** for 0.01, * for 0.05, and no symbol for > 0.05.

PC6 Urban
0.895
***
0.679
***
0.847
***
0.869
***
0.924
***
0.926
***
0.905
***
0.872
***
0.884
***
0.860
***
0.922
***
0.920
***

4.3.2 Local Moran’s I
The local Moran’s I (see left Figure 10) per neighbourhood provides an even better insight into how
fibre rollout spreads between neighbourhoods, as it breaks up the global Moran’s I into localized
statistics for every specific neighbourhood. The LISA categorization in that figure is explained in the
subscript caption of that figure, with the amount of neighbourhoods with that denomination between
parentheses. The Moran’s I for second order neighbours (see right Figure 10) also takes the neighbours
of neighbours into account. This could be regarded as a prediction further into the future, and it makes
it more clear which areas are likely to receive fibre. In Figure 11 the same results are displayed at a
higher resolution, i.e. at street level instead of neighbourhood level, making the clusters more
pronounced

38

Figure 10: Local Moran's I for neighbourhoods according to first order (left) and second order (right)
neighbours

White: Not Significant (𝑝𝑝 > 0.05) (N=9133; 4003), Red: High-high (2191; 2329), Blue: Low-low (1554; 6018), Light blue: Low-high (242;
610), Light red: High-low (63; 223)

High-high: the core
The high-high regions highlight the locations of fibre hotspots in the Netherlands, these are the cores
of fibre rollout in the Netherland where fibre rollout appears to spread to neighbouring neighbourhoods.
This implies that a project has targeted a group of neighbouring neighbourhoods or even that
neighbourhoods learn from one another, causing fibre deployment to spread. One of the main hotspots
is the area in Overijssel where CIF rolled out as a batch of projects. Whereas Overijssel has one main
fibre cluster, the other provinces have a lot of unconnected clusters. Among these, there are larger
clusters around the centres of medium-sized cities. But there are also more remote smaller clusters in
villages scattered around. The reason for this pattern of unconnected cores remains unclear. It could be
attributed to the low density of houses in the regions between the cores. Yet, another explanation can
be that all these separate cores do not cluster because they have initially been started by different project
owners, mostly being different municipalities or industrial parks.
Low-low: the periphery
The periphery areas, where fibre penetration is equally low as the neighbours, appear mainly as large
clusters in rural areas. These regions are the least likely to receive fibre deployment from their
neighbours. These regions would, therefore, benefit most from new projects that target neighbourhoods
in this cluster specifically. An interesting observation, however, is that larger cities in the Netherlands
(e.g. Amsterdam, Rotterdam, Den Haag, ‘s-Hertogenbosch) also appear to belong to this peripheral
cluster. As broadband has previously been found to agglomerate in metropolitan areas, in a US case, it
could also be expected for the case of fibre in the Netherlands (Grubesic, 2006). Yet, since this is not
observed here, it seems that other factors either inhibit the diffusion of broadband rollout to these
regions or fibre is not competitive enough to fully penetrate these metropolitan areas.
Low-high: islands of inequity
The low-high areas are most interesting here, because in these areas fibre can be expected next if it is
assumed that fibre will spread. However, for these areas, there might also be a specific reason why the
share of fibre connected houses there is low in relation to the neighbouring neighbourhoods. For some
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of the low-high areas visual inspection shows that fibre has already been deployed there. In the case
that fibre has been deployed here before 2017, it indicates that the dataset used in this research is
incomplete. But, in the cases that fibre has only been deployed recently there, it indicates that the LISA
statistic rightfully expected deployment. Several of these regions are mostly the areas of remote houses
just outside of the city, recreational areas or industrial areas. Therefore, for some of these areas it is not
reasonable to expect fibre deployment, given the low number of residential houses in the area.
High-low: islands of availability
For high-low areas, it might be the case that the neighbouring areas might be next in line for deployment.
These are areas which have not shown to significantly cluster with surrounding areas yet, indicating
that these are separate projects in the middle of the periphery. These could be recently initiated projects,
or the project is too remote or has not been successful enough to spread to neighbouring
neighbourhoods. Whereas Figure 10 would be sensitive to the remoteness of neighbourhoods, Figure
11 would control better for this, as it regards a neighbourhood as a cluster of streets, instead of a singular
island.
Figure 11: Local Moran's I for postal code 6 (PC6) regions according to first order (left) and second
order (right) neighbours

White: Not Significant (𝑝𝑝 > 0.05), Red: High-high, Blue: Low-low, Light blue: Low-high, Light red: High-low

4.3.3 Local rollout over time
In Eindhoven the rollout of fibre started around 2007, initiated by a public-private partnership (PPP)
named OnsNet. OnsNet had previously deployed fibre in Nuenen making it the first Dutch municipality
to connect all its households with fibre. The success of these networks have been attributed to PPPs’
characteristics of openness, ubiquity and demand aggregation (Sadowski, Nucciarelli, & de Rooij, 2009;
Van Der Wee et al., 2015). Along with many other fibre networks in Noord-Brabant, Eindhoven’s fibre
network has eventually been taken over by KPN around 2012 and in 2017 it has been merged with the
KPN network (OnsBrabantNet, 2017). With the takeover of Reggefiber, KPN also inherited the
agreement between Reggefiber and the municipality, in which it was promised that Eindhoven would
be fully deployed with fibre by halfway 2017. KPN and the municipality declared the agreement void
in 2016, as KPN did not intent to maintain the agreement anymore (B&W Eindhoven, 2016). Much to
the municipality’s dismay, in the beginning of 2017, KPN officially decided not to deploy fibre in the
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remaining parts of Eindhoven. Instead KPN opts for further upgrades of its copper network (van
Miltenburg, 2017).
For this case of Eindhoven, a different dataset has been obtained on the rollout of fibre per household,
accompanied by the rollout date. This data will demonstrate the rollout on a more detailed level over
time. Note that in this case only the household connections in Eindhoven itself have been included.
Figure 12 shows how the LISA categorization on street level changed over the years in the city. In the
2008 image demonstrates that there were three main cores. The north-east core is close to the Nuenen
municipality, which might explain the location of this fibre core. For the southern core nothing appears
to indicate, at first sight, why a fibre core started here. This core is a combination of high and low
income neighbourhoods and is closer to the centre of the city, but that does not explain its location
(CBS, 2018b). The core in the west is in the city quarter of Meerhoven. This area consists mainly of
recent housing development, and the houses which were connected there around 2008 have been built
in the same year (Kadaster, 2018). Thus it can be assumed that these houses received a connection
immediately at their completion.
Figure 12: Yearly LISA for the Eindhoven region
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The plots range over years (left to right, up to down) with the upper left image representing the start of 2008 and the lowest image
representing the start of 2018. White: Not Significant (𝑝𝑝 > 0.05), Red: High-high, Blue: Low-low, Light blue: Low-high, Light red: Highlow

Regarding the diffusion of fibre over the years, there are a few observations which stand out. Firstly,
the islands of inequity indeed seem to indicate where fibre will be deployed in the coming years. There
are some areas where this is not the case, as they stay light blue over the years, but these areas are
mostly uninhabited areas, such as recreational parks and industrial areas. For those sparsely inhabited
areas it also appears that fibre rollout to neighbouring regions is not hindered by them and just spreads
its way around these areas. Secondly, fibre deployment in Eindhoven appears to have started with a
small number of separate projects in different parts of the city which eventually merged together into
one main core. Between 2008 and 2009 two additional projects seem to have started, one in the east and
one in the south. Thereafter, fibre deployment seems to have spread from these cores to neighbouring
streets until all cores merged together into one cluster. This dynamic data also reveals that 2013 was
the year with most deployment activity and that almost all activity appears to have ceased after 2015,
leaving the south west and centre of Eindhoven unconnected. This observation is in line with the trend
presented in Figure 2. These areas where no fibre gets deployed in the near future also appear to be
41

characterized by a certain feature of the LISA categorization. The insignificant areas show that there is
still a possibility, but not an expectation, for deployment to reach that area. Yet, as soon as an area starts
to belong to a blue cluster it appears to forecast that no fibre deployment can be expected there in the
near future.
Of course this is a demonstration of solely one city and dynamics for other cities will differ, across both
time and space, from these observations on Eindhoven. Nevertheless, it does reveal a certain rollout
strategy which is being applied in the Netherlands, as it shows that the LISA category of islands of
inequity indeed can be a realistic indicator of the direction of fibre deployment.
Figure 12 has demonstrated that some areas will never change, because they are industrial or recreative
areas. However, since the neighbours of these areas do seem to be affected, the same results have been
recalculated, but then 2nd order neighbours are also taken into account when calculating the local Moran
coefficient. These results are presented in Figure 13. In this figure significance is not included in the
visualization, to make the categorization look more pronounced. What can be observed in that figure,
is that the islands of inequity are even better precursors for rollout. In addition, the islands of availability
appear to play a more prominent role now. Whereas the islands of inequity are now indicating the future
expansion of fibre clusters, the islands of availability indicate the commence of new clusters surrounded
by periphery regions. These islands of availability will eventually expand further and form core clusters.
This phenomenon can be observed especially in the period from 2012 up to 2016. It first occurs in the
northern region of Eindhoven, where an island of availability expands into a larger core region from
between 2012 and 2013. After that, the same phenomenon can be observed in the small area just north
of the city centre of Eindhoven. Yet here it appears to be a scattered group of islands of availability,
which eventually merge together into one core cluster.
Figure 13: Yearly LISA for the Eindhoven region considering 2nd order neighbours and without
significance
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The plots range over years (left to right, up to down) with the upper left image representing the start of 2008 and the lowest image
representing the start of 2018. Red: High-high, Blue: Low-low, Light blue: Low-high, Light red: High-low

From these spatial results it can be concluded that fibre rollout does diffuse spatially in the Netherlands.
Where clusters are formed, they appear to expand and eventually merge together. But time also comes
out as an important dimension. The differences between some of the years in Figure 13 indicate the
rapid behaviour in which rollout can unfold itself. Simultaneously, this is also an indication that a large
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number of high detail dynamics are involved in the progress, which might come to the fore at a higher
resolution of time.

4.4 Characterization of spatial rollout clusters

Two main kind of results have been presented above. The spatial autocorrelation has yielded
exploratory results, while the regression has given quantitative results on the determinants of fibre.
Bringing these together can further enhance the perspective on the rollout situation in the Netherlands.
The regression models above can be performed with two of the LISA categorizations as a dependent
variable. So one category gets encoded as a 0 while another gets encoded as 1. This can be used to
distinguish what factors inside the model have constituted the difference between different area types
and to confirm the observations of the LISA results quantitatively. The logistic models estimated in
Table 12 go from a high-high region (the core) to a low-high region (islands of inequity), from a highhigh region to a high-low (islands of availability) region and from a high-high to a low-low (periphery)
region. The coefficients might therefore explain what effects have contributed to the difference between
these regions.
Table 12: Odds ratios results for LISA regression model at neighbourhood level for standardized
independent variables
Odds ratios
Dependent High-high (0) to
High-high (0) to
High-high (0) to
variable low-high (1)
high-low (1)
low-low (1)
Predictors
Intercept
0.229
*** 0.004
***
1.039
Industrial
3.871
**
11.908 ***
2.364
*
(compared to nonindustrial)
Urban
0.098
*** 0.373
0.101
***
(compared to rural)
Techno-Economics
Distance to backbone
0.530
**
1.760
**
1.198
**
Density of houses
0.559
*
0.674
1.136
.
Distance to the next
2.052
**
2.024
4.617
***
house
Low quality ground
1.209
1.739
**
1.644
***
Multiple family
1.111
0.871
1.038
dwellings
Water bodies
1.050
1.134
1.642
***
Trees
0.698
**
0.387
***
0.886
*
Demand Uncertainty
Average income
0.718
0.422
*
1.144
.
Multicultural
1.059
0.569
.
1.029
Lower education
0.825
0.403
**
1.038
Catholic
1.584
*** 1.440
.
1.156
**
Family
0.819
1.203
0.855
.
Age
1.128
0.943
1.339
***
Divorced
1.239
.
0.985
1.511
***
Market Uncertainty
HHI
0.447
*** 0.313
***
0.676
***
Coax connection
1.102
21.297 ***
8.931
***
Pseudo 𝑅𝑅 2 (McFadden)
N (used observations)

0.5779412
2,080

0.5368253
2,131

Significance 𝑝𝑝 is denoted by *** for < 10−6 , ** for 0.01, * for 0.05, and no symbol for > 0.05.
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0.4060743
3,229

The main determinants which set the core and islands of inequity apart are the distance variables. This
means that these regions do not share an equal level of fibre penetration yet because there is a larger
distance between houses and a larger distance to the Eurofiber backbone. In comparison to the core,
islands of inequity can thus be described as regions with a lower density of houses, larger distances to
the next house and lower tree heights. But these regions are also characterized by smaller distances to
the backbone and a rural or industrial environment. This matches with the visual observations above.
These determinants could be the reason why these regions do not have an equal penetration of fibre yet
as their neighbouring regions have. Again, this highlights that it is less evident for rural houses and
other geographic outliers to get connected to fibre.
The core and islands of availability can be distinguished according to different factors. In comparison
to the core these islands of availability are more likely to be industrial and have a lower height of trees.
This could signify industrial areas, but these could also be countryside villages, given the higher
likelihood of a coax connection, the longer distance to the backbone and the positive coefficient for low
quality ground. The reason why these high-low areas have not become a core cluster yet could be that
these are indeed too remote. As the initial regression on fibre has indicated, longer distances and lower
densities do indeed decrease the odds of having fibre.
The third column of results indicates what makes an area belong to the periphery instead of the core.
This would be the characteristics of the area which is not expected to have fibre anytime soon, based
on a spatial basis. It appears that the peripheral area is more likely to be industrial or rural. An area is
also significantly more likely to belong to the periphery than to the core, when the percentage of water
bodies is higher, the ground quality is worse, or when there are longer distances to the backbone and to
the next house. The periphery also differs from the core in that the share of coax connections is higher.

4.5 Summary

This chapter has presented the main results of the research. From both the household level and
neighbourhood level regression model it appears that rural areas and industrial parks are less likely to
receive fibre. Cost inducing factors such as distances and obstacles, have a clear negative effect on fibre.
So does higher age have a negative impact on fibre and the presence of a coax connection, as a
competing technology, has a negative impact as well. Yet many social variables become insignificant
in the neighbourhood level models and proxy’s for high household density areas, income, education,
cultural background and coax appear to differ in coefficients between the rural and urban models.
Unfortunately, the model does not hold so well when used as a prediction tool. But it does highlight the
preference of the rollout companies of focusing on medium-sized cities and the absence of fibre in the
centres of larger cities.
More about the rollout itself is revealed in the geo-spatial analysis. These results show that fibre rollout
is a clustered process in the Netherlands and that those clusters largely follow the delimitations of
neighbourhoods. From the results it appears that high randomness in clustering might indicate that a
rollout activity can be expected in a region. The LISA categorization identifies types of rollout areas
and brings out the main clusters in the Netherlands. The Eindhoven case reveals even more spatial and
even temporal dynamics of rollout, showing that fibre rollout really spreads to neighbouring areas. This
temporal dataset further hints at that the islands of inequity will eventually be merged into the core
clusters of fibre-connected houses.
In the last part of this chapter the regression model and the LISA categories are brought together. Here
it has been analysed what exactly characterizes different clusters. The variable coefficient now indicate
whether certain areas belong to a certain cluster type due to either their techno-economic, demand
uncertainty or market uncertainty properties. Herein it is again shown that locality and technoeconomics play a large role. What it actually shows is whether inherent properties of areas has
implications for the relation which that specific area has with its neighbours. These results thus show
44

that it is mostly the locality, distances, household density and a decreased presence of trees which bars
some areas of belonging to the same cluster as their neighbours.

5. Conclusion and discussion

This thesis started by outlining the context of broadband in the Netherlands. The European Union has
set goals of achieving a full coverage of 100 Mbps broadband by 2025. Experts in the field and the
European Commission regard fibreglass as a major required medium to achieve this goal. Yet the rollout
of fibre in the Netherlands has appeared to stagnate over time, leaving a major part of the households
with only a coax or copper connection. It is feared that this will lead to a digital divide, which will hold
particularly for rural houses that currently have to cope with low-bandwidth copper connections. In
answering what characterizes the rollout of fibre in the Netherlands, the analysis presented here has
quantified effects that could lead to uncertainties. But the spatial results have shown that the data is
spatially correlated and that fibre deployment clusters together. Therefore, fibre rollout is not just about
techno-economic variables, market uncertainty and demand uncertainty, it is largely also about spatial
and temporal lag. Out of these results, key points have been obtained which can highlight aspects to be
addressed on the road to the 2020 broadband goals of the European Commission.

5.1 Conclusion of the results

How do the characterisation of locality (i.e. rural and urban) and local geophysical characteristics
influence rollout of fibre networks throughout the Netherlands?
The regression results have confirmed that last-mile deployment costs are a major factor in the rollout
of fibre in the Netherlands. Obstacles, such as water bodies and trees, and distance to the next
connection point all negatively influence fibre rollout in both rural and urban areas. For the geophysical
characteristics, urban and rural only differ in that apartment buildings and high density of houses do not
favour fibre rollout in urban areas while it does benefit rural areas. Yet the locality of being in an urban,
rural or industrial area, does appear to have a large influence in itself on the availability of fibre, as both
rural areas and industrial parks appear to be less likely to receive fibre.
How is the rollout of fibre networks affected by uncertainty in the telecom market?
The models used here do not describe to what extent the exact market configuration and policies on the
telecom market influence fibre rollout. However, the results do demonstrate that coax is a competitive
enough substitute to fibre. This is also not a strange find, since coax can deliver up to 400 Mbps, in the
most favourable situations, and fibre is mainly being marketed by providers with similar speeds. It also
shows that consumers are generally not interested in the medium used to transmit their network traffic.
Moreover, higher infrastructure market concentrations in terms of HHI have also been shown to increase
the odds of fibre rollout. This means that fibre is more likely to rollout in regions where a singular
broadband technology dominates. Taken together, this could imply that the widespread absence of other
high broadband technologies in a neighbourhood constitutes a better context for the introduction of
fibre.
How does demand uncertainty of areas define the suitability of fibre rollout?
The demand uncertainty results, are largely in line with the literature. Firstly, regions with a high degree
of people over the age of 65 indeed seem to lead to a lower fibre penetration. Yet, on household level
there are quite some differences between rural and urban regions, indicating a different type of rollout
demand. For education, a lower level shows to have a negative impact in urban areas, but a positive
impact in rural regions. In the same way higher income has a positive impact for urban houses but not
for rural ones. This difference in demand groups can, of course, be explained by the difference in
population characteristics between rural and urban areas. Although, at neighbourhood level, not all of
the social effects have shown to be significant. This lack of significance could be a sign that social
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factors matter less for the rollout of fibre than the presence of alternative infrastructures and technoeconomic variables.
To what extent can the relation between geo-spatial locations of houses play a role in the rollout of
fibre?
The observations from this analysis have demonstrated that the rollout of fibre networks in the
Netherlands does indeed cluster together and rollout appears to be a neighbourhood-wise process. This
means that rollout in the Netherlands is not a random process and is majorly project-based. This
clustering is more prevalent in urban areas than in rural areas, indicating that there is more randomness
and variability in rural neighbourhoods. The results on the local Moran’s I and the case of Eindhoven
also indicate that regions might learn from one another and that projects gradually expand
geographically. When visualized, the data shows that fibre rollout appears to spread to neighbouring
regions, eventually making the islands of inequity part of the main core cluster. This can help identify
areas where it is spatially most rational to roll out next. Yet even more important, it shows which areas
are least obvious to be rolled out in the future, especially if there is no incentive to innovate in rural
areas. These spatial results have demonstrated that besides regular regression effects, spatial diffusion
and relations of fibre should not be left unconsidered when it pertains to rollout. Especially as
demonstrated in the small case of Eindhoven, these spatial results in longitudinal format already yielded
more dynamic insights than the logit predictions of the uncertainties. One could thus attempt to say that
rollout is also largely determined by spatial and sequential certainties, than just solely by factors which
describe the uncertainty for rollout investment.
When comparing the results from the logistic regression and the LISA categorization it can be observed
that these indeed address two entirely different contributions to the rollout of fibre. While the
autocorrelation results have assessed the situation geographically in terms of space, the logistic
regression has characterized the major rollout strategy of the rollout parties that make up the dataset.
Yet, together they tell different sides of the rollout process. In the last part of the analysis, the LISA
categorization can even be characterized by the same local statistics as were used in the regression. The
islands of inequity are spatial outliers in that they do not conform with their neighbouring areas. One
would thus expect fibre to be present here, but for some reason this is not the case. Regression on LISA
categorizations shows that houses in the islands of inequity do not belong to the core yet because these
regions have more remote houses. Also, these regions are more often industrial and rural.

5.2 Implications and suggestions

What are the implications of these hard measurable facts on the road to the European and Dutch
broadband goals in the Netherlands?
All the results indicate that, under the current strategy of the rollout companies included in the dataset,
rural areas in the Netherlands will be last in line to receive fibre from large-scale projects. This might
indeed constitute a digital divide between areas in the country. Recent developments in the market
suggest that fibre deployment is taken up again by local initiatives. But due to the absence of local
initiatives in the data used here, the analysis is not able to conclude anything about that. Moreover, it is
not certain whether that recent trend is to be maintained over the coming years. In addition it is found
that proxies for last mile costs are a main limitation in the rollout of fibre, decreasing the incentive to
innovate in some areas. The LISA indicators, show what regions can expect fibre, if fibre is solely rolled
out on the basis of diffusion to neighbouring regions. The regression results on the LISA indicators,
have characterized these regions further. For the peripheral areas these characterizations indicate what
kind of elements have to be overcome in order to get fibre deployed there. For different parties
surrounding fibre rollout, all these observations might open up new opportunities or reveal different
insights. With that, this research also shows that the availability of spatial and temporal data on
broadband connectivity can enable new insights into broadband policy. All these parties would thus
benefit if such data were commonly available.
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5.2.1 Government
The Dutch government agrees with the broadband goals of the European Commission for 2025, as it
has implemented similar targets for the year 2023 already. Given the results presented here, there are a
couple of suggestions which can ease the achievement of these goals. The areas which are being
identified as periphery by the LISA categorization and the areas which are characterized to be the least
likely to receive rollout according to the regression could be regarded as market failures. These market
failures should be addressed by the government. For regions which are identified as the periphery or
which fit the characteristics of being very rural, being close to a lot of obstacles and being very remote,
the governmental bodies can decide to provide state aid, if the area is categorized as white. However, it
should also be considered that these regions might benefit from alternative technologies as well. Hence,
the government should start to focus on the development wireless broadband technology infrastructures
for these areas, such as 5G or fixed-wireless.
Next, governmental bodies can also reduce the barriers to invest in fibre by creating incentives for areas
which are less likely to receive it. As the distances to the backbone and to the next house have a
significant negative impact on the odds of having fibre, municipalities can allow fibre deployment at
higher depths for these regions, if justifiable. Also, the differences in adoption groups between urban
and rural regions actually warrants the need for a change in equal policy treatment of all areas. Thus,
policy should approach both rural and urban deployment from a different perspective.
5.2.2 Consumer
For the consumer the results have different implications. As the results have demonstrated, there are
several areas which are not expected to receive fibre rollout in the near future. This might possibly lead
to a rural divide. However, given the wide availability of coax throughout the Netherlands, it could be
argued that such a digital divide will not occur anytime soon, especially since DOCSIS 3.1 will be even
more able of competing with fibre.
Consumers in very remote areas can decide to start their own initiative instead or wait for an incumbent
to rollout, as the results have shown not to expect fibre there from any large party. For entrepreneurial
consumers and businesses that rely on a stable internet connection, it might be wise to relocate to a
region which is close to the backbone or has fibre connections installed. If this is not possible, they
could look at locating themselves in neighbourhoods just outside the centres of cities, neighbourhoods
close to industrial parks or neighbourhoods close to neighbourhoods which already have fibre. Because
those regions are likely to receive fibre in the near future.
5.2.3 Market
For the telecom market the results can help identify possible rollout opportunities. Large rollout parties
and cooperatives, such as KPN and the EQT Infrastructure III fund, can find locations which are easy
to rollout next, on the basis of hard measurable facts and the coefficients presented in the regression.
These larger parties should make room for other players in areas where their business case does not
hold. In that case, smaller rollout parties and initiatives can try to connect to the unserved demand
market. They can come up with new business cases which do fit the regions which are remote, have a
low ground quality, have a large coverage of water bodies and have higher aged demand groups. These
types of regions are also interesting for deployers of alternative broadband technologies, such as
wireless broadband. Greenet might, for example, decide to rollout in these remote regions. Whereas the
results might be used to spur innovation, for the incumbent Ziggo the results actually reduce the
incentive to invest in last mile non-enterprise fibre even more. In the current situation Ziggo does not
need to adjust to the rise of fibre, since the rollout of fibre is less likely in regions where a coax
infrastructure is in place.

5.3 Discussion

Further research into this topic will benefit consumers, governments and the telecom market alike. For
consumers it will give transparency into what is offered on the telecom market and what can be
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expected. For governments it will provide a clearer insight in where to support rollout and how to
approach policies pertaining to fibre rollout. Thirdly, the market will benefit from additional research
in that it will highlight opportunities for rollout. Yet, it might also further contribute in the understanding
of how an innovation like fibre spreads. Possible follow up research will need to overcome the
drawbacks of the current dataset used. For future research, the most important point is to make use of
spatial and temporal data at a more detailed scale.
While the dataset has a uniquely vast amount of observations and is rich in detail, it does suffer from
several flaws when it is used in an analysis as presented here. A main remark, with regards to the context
of the data used, is that the main dataset is cross-sectional. Hence, the main results presented above
have only been observed for a specific point in time. The small case of Eindhoven has already illustrated
the additional value of sequential data. In the absence of longitudinal data for the main analysis, it is
not straightforward to predict future rollout, amounting to the low yield in the prediction model. In its
current form the analysis represented here is more an assessment of the effects that have played a role
in arriving at the current situation. This means that the effects that will matter for future rollout can only
be inventorized qualitatively. Even though prediction is not the direct aim of the analysis, regression
still remains a snapshot of a singular point in time. Therefore, the effects measured are not necessarily
generalizable to other points in time. The fibre rollout market is changing rapidly, this can be observed
in the different acquisitions over the years. Also, the increase in penetration might create different
dynamics in the future. Therefore, it is not unlikely that different effects can be measured for data in a
few years from now. The application of the method of spatial autocorrelation has been an attempt to
account for the fact that rollout is a temporal process which disseminates itself over space. But that
method is solely based on spatial clustering. For future research it would thus be suggested to perform
the analysis over a time-based axis and with spatial relations taken into account as well.
With regards to the content of the dataset, it is not a full representation of the ground truth scenario in
the Dutch broadband market. A main problem is that local initiatives are underrepresented in the data.
The dataset mostly contains observations of fibre rollout for infrastructure which is currently operated
by major parties, such as incumbents and investment funds. Therefore, the results mostly classify the
rollout behaviour of these major parties. Likewise, the coax data is not complete, since it only contains
the connections of one major party and a minor collection of other coax infrastructure operators. Even
though the coax data is complete by 90-95%, the effects measured for coax might not be generalizable
to regional coax operators which are not in the dataset.
The validity of some of the proxies is also a point to be questioned, as they are solely approximations
and not always unambiguous to interpret. Firstly, the measures of trees as obstacles and HHI could have
been calculated in a multitude of other ways. Future research could, for example, only include trees that
lie in the proximity of a cable duct and the HHI could have been calculated according to the market
share of companies when data on that is available. Secondly, it is not totally clear what the effects of all
the social variables mean. While the factor analysis has alleviated the problem of multicollinearity, it
has decreased the interpretability of the social variables.
The current analysis might also benefit from more precise data. The connectivity and distance data used
here had a household level detail. Yet, all other data has only been available on a neighbourhood or
more abstract level. Therefore, some effects are only approximations and individual dynamics between
households or at different segmentations than neighbourhoods could not be observed.
However, large numbers of observations will make everything statistically significant. Therefore, the
results that are not significant in the neighbourhood level model, but are significant in the household
level model, might actually be practically insignificant. For future research on this topic, with this high
a number of observations, different assessments of significance might have to be used, e.g. measures
on the basis of the confidence interval.
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7. Appendix

This appendix contains tables that are supplementary to the results presented in the thesis. The first two
tables (Table 13 and Table 14) present the descriptive statistics for the techno-economic variables split
out by their locality. The last two tables present the regression results with non-standardized coefficients
on household (Table 15) and neighbourhood level (Table 16).
Table 13. Descriptive statistics of techno-economic variables for rural houses
Variables

Minimum Mean
0.0
0.0
0.0
0.0
0.0
0.0

Maximum Standard
deviation
3,469.0 37,088.0
4,130.6
5.8
47.1
3.7
25.5
100.0
27.4
3.6
100.0
9.5
2.2
108.0
4.4
37.2
690.0
53.3

Missing
values
0
0
680,417
0
29,990
966

Distance to Eurofiber backbone
Average tree height
Low quality ground
Percentage of waterbodies
Density of houses
Distance to next house
Percentage of multiple family
buildings (apartments, flats)

0.0

10.5

52,920

100.0

13.7

Table 14. Descriptive statistics of techno-economic variables for urban houses
Variables

Minimum Mean

Maximum Standard
deviation
1,172.0 35,817.0
2,362.9
5.1
49.4
3.4
25.5
100.0
31.9
3.6
100.0
7.1
28.2
234.0
26.1
5.8
517.9
6.6
38.7
100.0
30.7

Distance to Eurofiber backbone
Average tree height
Low quality ground
Percentage of waterbodies
Density of houses
Distance to next house
Percentage of multiple family
buildings (apartments, flats)

0.0
0.0
0.0
0.0
0.0
0.0
0.0
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Missing
values
0
0
680,417
0
296,478
0
317,267

Table 15: Odds ratios results for regression model at household level
Predictors
Intercept
Locality (rural, urban) with regards to industrial park

Techno-Economics
Distance to backbone
Density of houses
Distance to the next house
Low quality ground
Multiple family dwellings
Water bodies
Trees
Demand Uncertainty
Average income
Multicultural
Lower education
Catholic
Family
Older Age
Divorced
Market Uncertainty
HHI
Coax connection
Pseudo 𝑹𝑹𝟐𝟐 (McFadden)
N (missing values have been omitted)

Odds ratios
Full Dataset
Model
0.579738529
***
0.380960014
***
1.375151833
***

Rural
Model
0.02415648
***

Urban
Model
1.335306656
***

0.999925669
***
0.996897308
***
0.993113608
***
0.991158269
***
0.990347501
***
0.985947364
***
0.976953979
***

0.999935877
***
1.055983945
***
0.995846371
***
0.993888651
***
1.013530367
***
0.996851363
***
0.948017156
***

0.999925792
***
0.998916911
***
0.995489361
***
0.99051892
***
0.988222105
***
0.984440425
***
0.981226604
***

1.000002499
***
1.181391452
***
0.955598996
***
0.960239404
***
1.028257491
***
0.958220726
***
0.716686279
***

0.99999314
***
0.850566847
***
1.059787216
***
1.232809571
***
0.795026937
***
0.827374724
***
0.623386529
***

1.000002251
***
1.22139986
***
0.949590647
***
0.941833251
***
1.079725275
***
0.955853162
***
0.708121706
***

1.000079127
***
0.602281686
***

1.000269513
***
1.179128408
***

1.000027346
***
0.534151919
***

0.1564049
7,774,109

0.1918231
751,814

0.1462411
6,860,267

Significance 𝑝𝑝 is denoted by *** for < 10−6 , ** for 0.01, * for 0.05, and no symbol for > 0.05.
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Table 16: Odds ratios results for regression model at neighbourhood level
Predictors
Intercept
Urban (compared to rural)
Industrial park (compared to non-industrial)
Techno-Economics
Distance to backbone
Density of houses
Distance to the next house
Low quality ground
Multiple family dwellings
Water bodies
Trees
Demand Uncertainty
Average income
Multicultural
Lower education
Catholic
Family
Older Age
Divorced
Market Uncertainty
HHI
Coax connection
Pseudo 𝑹𝑹𝟐𝟐 (McFadden)
N (missing values have been omitted)

Odds ratios
Full Dataset
Model
0.292
***
5.294
***
0.567
**
1.000
0.997
0.976
0.987
0.996
0.983
0.948
1.000
1.141
0.958
1.005
1.001
0.928
0.749
1.000
0.222
0.2788341
1,0573

***
.
***
***
*
***
**

Rural Model

Urban Model

0.013

***

2.489

**

1.000
1.041
0.977
0.991
1.010
0.978
1.012

***
***
***
***
**
**

1.000
1.002
0.959
0.986
0.994
0.980
0.933

***

**
***

1.000
0.823
1.110
1.236
0.907
0.850
0.599

***
***

1.000
0.523

***

0.2608977
6,766

Significance 𝑝𝑝 is denoted by *** for < 10−6 , ** for 0.01, * for 0.05, and no symbol for > 0.05.
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***
***

1.000
1.225
0.943
1.003
1.094
0.962
0.744

***
***

1.000
0.283

*
***

0.1796136
8,299

***
***
***
***
***
***
*
***
***
***

