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Hepitnyn

H mapovoca petamtvyiokn epyacio £xel okomd va avaAvcel Beopntika v {Rmon ywo
evpulovikég vanpeoieg npocPacng (kvpiog 1 teyvoroyioo ADSL - Asymmetric Digital
Subscriber Line —Acvppetpn Wnowxn Zovépountikny [pappn, xebodg eivar m mo
dwadedopévn gvpulmvikn vnpesia ta TehevTaio oKT® ¥povia otnv EALGSa) otnv EAAnvikn)
ayopd Poacilopevn oTig GYETIKES epyacieg mov £xovv yivel Yo v mepiodo 2000€mg 2010,
omv Evpdnn, otig Hvopéveg IMoMteieg g Apepung, oty lonovia kot ot EAAGSa. Eyet
YIVEL 10l TOPOVGIOGT] TMV OIKOVOUETPIKAOV HEBOd®V 01 omoieg €xovv ypnoipomombei ota
GpBpa mov pereTApE KOOOC emiong Kol o TPOOTAOE VO CUYKEVIPMOGOVUE OVTEG TIG
UEAETEG KOl VO TOPOVCLAGOVUE £VOL OUKOVOUETPIKO HOVIEAO TO oOmoio umopel va
ypnopomomBel ot mepintwon g EALGSag. Me avtd 10 povrého Oa pmopodue va
vroloyicovpe v (Rmon yw vanpeoieg ADSL ypnoyomoidviog ototyeion o omoia
pumopovpe va. Bpovpe amd tovg didpopovg Tniemkovoviakovg [apdyovg (ISPS) kot
ewwotepa and tov OTE, o onoiog eivar o kKOprog tapoyog Tniemkovovidv otnv EALGSA.
Ta otoyeia avtd glvar o apOUdS Twv cuvdpountdv ADSL ce pnviaia Bdon, kabadg emiong
KO GYETIKEG TIUEG CVVOESNG OVEL TOYVTNTO GUVOECSNC GE GUVOLACUO UE LOKPOOIKOVOULK(L
otolyeld onwg eivor to AEIT kot n avepyio. Baowog pag otdyog eivar va cuvovdcovpe
KAmolo LOVTEAD TTOV €XOVV YPNOLUOTOINOEL GE OYETIKEG LEAETEG KOl VO TO, TPOGUPUOGOVLE
ota dgdopéva g EAAnvikng TnAemkowvoviakng oyopds ®OTE vo DTOAOYIGOLUE TNV
eEEMEN ¢ evpulmvikdtnrTag oty EALGSA.

O Baokdg pog otdyog etvar va epevvioovpe optopéva apbpa oxeTikd He Tovg Pactkovg
napdyovteg ot onoiotl enmnpedlovv ™ {ftnon yo vanpecieg ADSL ko e1dwd e€gtalovv Tig
TPOCPATEG OOVAEEG oL &xovv yivel otmv EAAnvikn ayopd, koatd v dudpkeln ToV
TEAELTALOV ETMOV, O1 OTTOLEG APOPOVY TNV TPOSPOPA Kat TNV {Nnon g TnAemkovmviakng
ayopdg Kot vo EKTIUNooVpE TNV €EEMEN ™S evpulmvikdtntag oty EALGd.
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Abstract

This postgraduate thesis is about analyzing #imaily the demand for broadband
services (mainly ADSL service, since it is the mkisbwn broadband service in the past
eight years in Greece) in the Hellenic market frogtated works made by other studies
during the period 2000 to 2010, in Europe, Unitéat€s of America, Japan and Greece.

We have made a presentation of the econometricddade used in those studies and there
has been also an effort to summarize those stadgiggpresent an econometrical model that
can be used in the case of Greece, which can dgstiima demand for ADSL services using
data that can be found from Internet Service PergidISPs) and mainly from incumbent
operator Hellenic Telecommunication Operator HTOTE'- the main ISP during the start
of ADSL) such as monthly data for the number of ADssibscribers per connection speed
as well as their relevant prices for ADSL speedsigied combined with other economical
factors (such as GDP, Unemployment, etc.) providecn the National Statistician
Authority ELSTAT . Our main target is to connecthre®models used in related articles and
perform them in the Hellenic telecommunication M#rko as to estimate the evolution of
broadband in Greece.

Broadband access has shown a remarkable indre&eece during the past years. The
50% of Greek households have a possession of arareomputer, and 39% of
households have an Internet connection. More tli&6 8f households are equipped to use
ADSL service, and subscription charges have beceeng low. Factors promoting Greek
broadband lie in deregulation by the Governmenmmetition among telecommunication
carriers and technical development. HTO (‘OTE’) wias first to launch the ADSL access
technology in Greece in the first half of 2003.

Our main target is to investigate some papersitatiee key factors that influence the
demand for ADSL services and especially examindateework that has been done to the
Hellenic Market during the last years concerning tdemand and supply of the
telecommunication market and to estimate the emwlwdf broadband in Greece.

This postgraduate thesis is divided in the follaysections. In Chapter One there has
been an introduction to broadband, especially AR the other forms of broadband.
Also there is presented the role of the Local Labyppundling (LLU) which was obliged
from the National Regulatory Authority “EETT”. Weagsent through some data gathered
from EETT the Position of Greece in EU Member Statee broadband penetration rate,
and the increase in broadband penetration rateeiret) Member States per year, also the
broadband Lines by Technology and the speeds d8lABervice (for the period 2006-
2009). Then there has been a reference to the these Internet Service Providers in
Greece. It is also introduced the recent developsn@nTelecommunications and the need
for analyzing the demand for broadband Services frelated studies. In Chapter Two we
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present the literature review used divided in tloeks done in Europe, in the United States
of America, in Japan and on the ones those edtelli;m Greece. After, we refer to the case
of Greece extensively. Finally, in Chapter Threepresent the econometric model that can
be used in the case of Greece, which can be usad spestimate the demand for ADSL
services, using data that can be provided fronrieteService Providers (ISPs). This can be
done by summarizing the work that has been madae @ther related studies.
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1. Chapter 1

1.1 Introduction

Broadband access is a vehicle that allows tligedg of an entirely new breed of media
services and communications oriented applicatitins these new services and applications
that differentiate broadband from dial-up Interaetess and give consumers a reason for
subscribing to broadband. Audio and video beingdheious cornerstones of this high-
speed revolution, speedy connections coupled viithys-on access improve the consumer
multimedia experience and change the types of basinmodels that are viable in the
interactive marketplace. Moreover, it is commonlgcepted that broadband access
constitutes a key factor in the effort of economgrowth and performance enhancement.
Broadband shrinks the world and enables teleconmgudtr collaborative projects across
countries or across the globe and therefore infagp#al into the markets.

Internet access in Greece relied on PSTN/ISDNemnodial-up until 2003, when ADSL
was commercially launched in Greece by the incurhbgerator HTO “OTE”. ADSL is
currently the main broadband standard. The Greadadirand market is still under
development, both in terms of size and competitiyeamics. The Greek incumbent HTO
has largely been blamed for stalling ADSL deploytmsimce 2003. But in 2007, the
national regulator authority “NRA”, know and as EET(National Committee Of
Telecommunication and Post Office) finally set Gefe broadband market on the path to
fair network access and more competition. The tway levents in 2007 were the
transposition of the EU framework for Electronicr@munications into Greek law and new
regulations on Local Loop Unbundling (LLU).

In 2007, broadband penetration in Greece foltbaepectacular course, similar to that of
2006. By the end of the year, broadband connecti@ts more than doubled, and from
490,000 in the end of 2006, had exceeded 960,0(eamnnections by mid-November
2007.

The role of the EETT was instrumental for reducprges and increasing capacities. In
early 2007, the telecoms regulator forced the ifmemhto open its network to competitors,
enabling them to offer their own services. It at&b very low charges for the provision of
the Local Loop Unbundling (LLU) service.

Many alternative providers and OTE competitors sted in the unbundling of the local
loop. Forthnet, Hellas OnLine and other alternafpreviders invested in this field and
started to appeal to the market, thanks to théiactive services. “Double play”, i.e. the
provision of telephony and broadband internet acsesvices, was introduced to the Greek
way of living at very attractive rates, with unlted airtime for national calls. Thus, from
mid-2007 alternative providers command the liotiars in new broadband connections,
offering, at the same time, telephony services.ddwer, according to EETT data, OTE's
competitors control 25% of extant broadband conoest And, apart from mobile
telephony, OTE is for the first time facing seriocsmpetition in the fixed telephony
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market. The incumbent's response to the competitemswift, and included reduced rates,
competitive to those of other market players.

At the end of 2007, OTE made deep cuts in itsifpgi structure, reducing charges by as
much as 44%. Furthermore, it started introduciegoivn double play packages, while the
new “triple play” package - i.e. the combinationfidled telephony, mobile telephony, and
broadband internet access - in early 2008.

The rapid increase in LLU lines has contributedtoadband growth. At the end of 2008
they constituted 36% of all broadband lines (coragaio 20% in 2007), and their share
increased to 45.8 % by June 2010.

ADSL2+ (the new ADSL standard) networks have becauiée wide spread in Greece,
which enabled the launch of IPTV — Internet Protomevision, VoIlP — Voice Over
Internet Protocol and fixed-mobile telephony busdlds Greece has no cable TV
operators, the incumbent and alternative operatiesising faster xDSL (the forms of DSL
service) networks to launch bundled offerings.

The absence of fixed alternative networks remairssgnificant weakness. Greece is the
only EU country where broadband services via teldgies other than DSL are almost non-
existent. The government has big plans for makingeGe a fibre nation. In early 2009, it
announced plans to pass 2 million homes duringhéhx seven years with fibre network in
Athens, Thessaloniki, and 50 other cities and towosss Greece based on an open
network model. The project’'s success will dependsapport from the private sector.
Construction of the network was due to start in®0dut was postponed until 2011 due to
the dire economic situation.

It is worth adding that in Greece there have lbegn strong disagreements between the
incumbent operator HTO and the regulatory authd@BTT concerning the provision of
unbundled local loops to alternative operators l@aged line prices. In EETT’s view, the
incumbent has delayed the process of local loopunaiing and charges wholesale rates
that are above cost. In contrast, the incumbenhtpoio the relatively low level of
investment by alternative operators in building their own networks as evidence that the
incumbent’s wholesale rates have been set below lo€ETT. This has impeded the
development of infrastructure competition, sinceralative operators have little incentive
to invest. EETT appears to have no strategy fooeraging alternative operators to climb
the “ladder of investment”.
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1.2 Definition of broadband

A telecommunication connection is called broadbpravided it gathers the following two
characteristics:

a) Offering uninterrupted access to the Internet.

b) Providing high level data transmission to theruso that the user may have access
interactive content-rich, internet-based serviceg.(telephony and video—telephony,
interactive TV and video—on—demand, surfing the M/eNide-Web).

Broadband market development is a top priordy the European Union and for all
developing countries since it is connected to ticesiase of financial wellbeing, the creation
of new job positions and the improvement of thezeit's standard of living. The benefits of
broadband are numerous, covering various sectdigarfcial and social life. In the public
sector for example, broadband allows the developnoéne-government services that
improve services to citizens and businesses, wdtilthe same time improve the public
sector’s function processes.

In the fields of health and education respettjvieroadband allows the provision of top
quality services to remote, through the use ohtelgicine and tele-education.

Moreover, in the business sector, broadband<ffiew possibilities for promotion and
supply of products and services, with the use cd@merce applications. At the same time,
the means of operation for businesses are charnfanks to the tele-working and tele-
conference applications.

Broadband market development is a top priorgy the European Union and for all
developing countries since it is connected to ticesiase of financial wellbeing, the creation
of new job positions and the improvement of theeit's standard of living.

The benefits of broadband are numerous, coverimgus sectors of financial and social

life. In the public sector for example, broadbatidves the development of e-government
services that improve services to citizens andnassies, while at the same time improve
the public sector’s function processes.

In the fields of health and education respebtjvieroadband allows the provision of top
quality services to remote, through the use ohtelgicine and tele-education.
Moreover, in the business sector, broadband offiess possibilities for promotion and
supply of products and services, with the use cd@merce applications. At the same time,
the means of operation for businesses are charnfjantks to the tele-working and tele-
conference applications
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Cable modem

A broadband technology that uses access linesdble television (CATV). Although
traditional CATV networks need to be upgraded wattseparate voice line to provide
interactive communication services like telephong dnternet access, new networks use
the same coaxial cable to provide simultaneousstngssion of data, television and voice.
Connection speeds range from 1 to 10 Mbps.

Fiber To The Home (FTTH)

A fiber optic technology similar to standard cathlat allows for transmission speeds of up
to 10 Gbps. Fiber optic cables are rolled out uphdme of the consumer and can carry
video, data, voice and interactive video telephsgm@ices.

Satellite

It is a broadband technology that uses satelNesGuipment to carry data. At the moment
the majority of services based on satellite tecbgylare one-way (i.e., they only allow for
downstream transmission) and need a dial-up colmmedor the return channel. The
downstream speed ranges between 300 Kbps and 2 Wbisstechnology is considered to
be particularly effective for servicing rural areasere other technologies are too expensive
to be put in place.

1.3 DSL (Digital Subscriber Line)

DSL (Digital Subscriber Line) is the technoldimat enables high-speed data transfer and
rapid access to the Internet via telephone linet) & secure connection straight into the
high-speed network. DSL has raised its importandee data communication industry.

DSL is an important technology due to its abilibyprovision multiple services such as
voice, data, and video high — bandwidth services atry low deployment cost. DSL is a
dedicated link that establishes a direct connedbetween the customer and the carrier,
providing broadband access to the end user thraugbSL modem installed at the
customer’s premises. DSL is a broadband technallogty allows for high- speed Internet
connectivity over traditional twisted-pair coppetephone lines, thus eliminating the need
for costly infrastructure upgrades common with othechnologies. The ability to
implement DSL service within the confines of exigtitelephone lines makes it both
affordable and practical for small business andlesgial homes, allowing for high- speed
connectivity for interactive gaming, on-demand a&tnéeng audio and video entertainment,
and for downloading huge files in seconds insteddnmutes. Being able to deliver
multimedia entertainment, information and serviadés become increasingly important as
phone companies and Internet Service Providerss{I&®k to new markets and new
applications for continued revenue growth and iaseel customer demand for fast, reliable
access to data and entertainment.
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A DSL supports multiple data communication simultaneously, including
Internet access, telephone communication, and cthision connection. DSL is a
collective term referring to all types of DSL arglsynonymous with the acronym xDSL.
DSL is the technology that enables high-speed watsfer and rapid access to the Internet
via telephone lines, with a secure connectiongtitanto the high-speed network.

DSL performs a variety of functions and tasksnkl@es analog and digital signals to travel
over a copper wire telephone line simultaneouslyayman terms, this means that one can
access the Internet while using the telephoneratiges for constant Internet connection
for one flat monthly fee. Because no dial-up iseassary, busy signals, waiting for a
connection and drop-offs are no longer an issud. B&deal for interactive multimedia, 3-
D, and real-time applications due to its high baiddhv capabilities. One DSL line can
provide multiple users to conduct Internet access.

Besides DSL and cable, there are newer platfabie to provide broadband access.
These upcoming platforms include optical fibre amdeless technologies, such as third-
generation (3G) mobile telecommunications or WiMaxpractice, however, they still play
a relatively minor role in most countries.

Advantages of DSL

1. Low servicecharges
The primary advantage of DSL is its low price optfor Internet access and transport. DSL
service provides an inexpensive way for small besses and home users to get fast access
to the Internet. This is partly because the linargh from the phone companies is low.
Also, major phone companies and Internet serviavigers are competing in this new
service market.

2. Large bandwidth
Another advantage of DSL is its large bandwidthisTénables continuous transmission of
motion video, audio, and even 3-D effects. A DShelican carry both data and voice
signals, and the data part of the line is contislyooonnected. The large bandwidth of DSL
also allows the connection to be more than 50 tifast®r than an ordinary 56 kbps modem.
3. High security
The high security in DSL is another advantage. Eadiscriber of the cable network can be
configured and computers on the cable network afe \isibly vulnerable and are
susceptible to break-ins as well as data destiuctio

Alternatives to DSL technology

In addition to DSL, business users can seldotratelecommunications technologies for
Internet accesses, including analog modems, IntEdyi@ervices Digital Network (ISDN),
cable modems, and wireless communication.
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1.4 Technologies
There are various forms of DSL:

e Asymmetric DSL (ADSL),

e High Rate DSL (HDSL),

e Symmetric DSL (SDSL) and

e Very High Data Rate DSL (VDSL),

Which are able to provide connection speeds rangamy 256 Kbps to 52 Mbps.

Asymmetric DSL (ADSL) indicates that the speéalsuploading and downloading data
are different. ADSL provides a higher bit rate detveam than upstream. Rate-adaptive
DSL shows that the transmission speed will varyben a range of frequencies depending
on the speed needed for uploading or downloaditey da

In Greece the most known technology of broadl@mhection is the one that is based in
the use of the telephone network and is known aSIAPAsymmetric Digital Subscriber
Line).

ADSL (Asymmetric Digital Subscriber Line).

ADSL as described in reference [1.] is one fafnthe Digital Subscriber Line telephony,
a data communications technology that enables rfadd¢a transmission over cooper
telephone lines than a conventional voice band mockn provide. It does this by utilizing
frequencies that are not used by a voice telepbalhe

ADSL is quickly growing in popularity, as evidenbg the number of users applying to
local offerings and the ISPs signing on to supplogt service. The availability of megabit
connectivity to the average household opens upathvef new services and enables true
convergence between Internet content and mediathHeoffirst time, high-quality video
streaming becomes a reality, and the ‘waiting’ expeed when browsing graphic-
intensive catalogs is a thing of the past. ADSltherefore an important technology to
understand in terms of both standardization, ancenmportantly, forming a basis for high-
speed Internet Services.

There is a real need for the increased bandwidlbmadr cost provided by ADSL. The time
ripe for development due to the current competiémgironment, and both ADSL transport
providers as well as ISPs may achieve acceptahlenszon investment when offering the
service. Due to new applications and more pervasseeof the Internet, demand will only
grow. This, combined with a growth in the numberpobviders that encourages price
competition, will further help generate demand.
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ADSL advantages

ADSL is attractive to both telecommunications pders and users, because it solves two
problems simultaneously.

1. It provides a simple, affordable mechanism to getexbandwidth to end users: both
residential and small — to medium —size businekss B increasingly important for
Internet access, remote access to corporate seivexgrated voice /data access, and
transparent LAN interconnection.

2. It enables carriers to offer value-added, high eespnetworking Services, without
massive capital outlays, by ‘leveraging’ thee cadpep.

ADSL characteristics [2.]:
=  Asymmetric

The data can flow faster in one direction than titer. More precisely, data
transmission is faster downstream (to the usea@subscriber than upstream (from the
user). Customers do not need a high bi-directidraalsmission speed. They actually
connect to the Internet in a relatively passive enbdcause the amount of data they
download is enormously higher than the amount &d t#ey are transmitting.

= Digital

No type of communication is transferred in an agateethod. All data is purely digital,
and only at the end, moduled to carried over the. i

= Subscriber Line

The data are carried over a single twisted paipeotop to the subscriber’s premises.

ADSL applications:

e Delivering Multicast Video over ADSL

Streaming video requires high downstream bandwidtid relatively small upstream
bandwidth. As a result, ADSL, being the most axd@aDSL service in the market to
date who offers great downstream bandwidth, isefoee most — suited to deliver
multicast video services.

e Voice over DSL (VoDSL)

Voice over DSL is telephony to convert voice catl® digital data packets and transmit
them as multiple calls (lines) over a single codpes, thus enabling Service Providers
to offer consumers several phone lines in addititmaéhe standard POTS. This can be
done, by using the extra DSL bandwidth that is used for data to implement voice
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transmission. For greater efficiency, the bandwsltbuld be allocated dynamically, so
that bandwidth is consumed only when a call isvacti

LLU (Local Loop Unbundling)

The main factor for Broadband development isltbeal Loop Unbundling (LLU). LLU
is the possibility of other Telecommunications Rdevs than HTO (Hellenic
Telecommunication Organization in Greek OTE) to uke cable (Local Loop) that
connects the subscriber’'s location with HTO’s Lodatchange. Through the LLU,
consumers in Greece may select different teleconuation providers than HTO, for the
provision of fixed telephony as well as other seegi such as the so-called “fast” internet,
Internet telephony (VolP) and digital televisiomdhgh the internet (IPTV).

Making VolIP calls requires a broadband connecfeg., cable modem or DSL service)
at the originating end (i.e., at the premises @& #ubscriber initiating the call). VolP
converts analog signals placed over an originagimgruser’s telephone handset into digital
signals or “packets,” which are then transporfed “routed”) over the Internet to the call
recipient. At the terminating end of the call (i.at the premises of the subscriber receiving
the call), VolP converts the digital packets batk ian analog signal which can be received
by an ordinary telephone handset. Concerns havefaged regarding the sustainability of
VoIP as a source of intermodal competition in vireltelephony(Paul R. Zimmerman)

[4.]

LLU was promoted by enforcing HTO to provide tHast mile” to other operators and
furthermore, to be bound to maintain it on a montee set and controlled by the regulator.
This action encouraged private providers to ineesbroadband technology and favored the
diffusion of sites where broadband access wasatail (PEK 620B/25-4-2007). Until the
end of 2006 HTO was the main Internet ISP (Intei@etvice Provider) of broadband
connection (95.3%). The DSL connection with LLU wi% and with other technologies
0.7%.
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1.5 Position of Greece in EU Member States — BroadbanPenetration
Rate - Increase in broadband penetration rate ithe EU Member
States per year (period 2006-2009)

1.5.1 Evolution of Broadband Lines

The broadband market kept growing in 2009. On 3PQ@ broadband connections
reached 1,916,630 compared to 1,506,614 on 31-Q8;26gistering an annual increase of
27% (Charts 1 and 2). Respectively, broadband petieet amounted to 17% on 31-12-
2009 compared to 13.4% on 31-12-2008 (Chart 3). ghewth of the broadband

penetration rate in Greece during 2009 (3.6%) waees third highest in the EU and

substantially higher than the European average .(2¥} is an indication of the ongoing

convergence of Greece with the rest of Europedtaated in 2007.

However, this convergence is not reflected in angrovement of the country’s ranking in

terms of broadband penetration. Greece remainkar2d” place in the relevant ranking

with 17%, compared to Portugal which is in thé?28ace with 18.6% and compared to a
European average of 24.8%.

Last, it should be noted that the slow declinehie growth rate of broadband penetration
(4.7% in 2007, 4.3% in 2008 and 3.6% in 2009) mayahn indication of the gradual
saturation of the market.

In the chart following we see the evolution ofdaband lines during the year period 2006-
2009. On 31-12-2009 broadband connections reac/9dé,530.
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2007 is characterized by the impressive growthhef broadband market that exceeded
1,000,000 lines and started converging for the firse with the rest of Europe. Tis is due
to the telecommunication regulator (EETT) whichcid the incumbent (HTO — OTE”) to
open its network to competitors, enabling themfferaheir own services. It also set very
low charges for the provision of the Local Loop Wndling (LLU) service. Specifically,
the number of broadband lines during 2007 over Bwmhland reached 1,017,000 lines
compared to 488,000 lines at the end of 2006, lgavicreased 108%

Then we present the position of Greece by broadliaed from the entire EU Member

States.
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1.5.2 Broadband penetration

Respectively, broadband penetration amounted %& Jlon 31-12-2009. The chart
following shows the broadband penetration of EU MemStates from the {5European
Commission Implementation Report (January 2010).

Chart 3: Broadband Penetration Rate on 01-01-2010
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The increase by 4.7 units in the broadband peiatredte in 2007 was among the higher in
the EU and considerably higher than the respe&iwepean average increase (3.8 units), a
fact that signals the convergence of the Greek thighEuropean broadband market.
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The growth of the broadband penetration rate i@eGe during 2009 (3.6%) was the third
highest in the EU and substantially higher than BEueopean average (2%). This is an
indication of the ongoing convergence of Greecehiite rest of Europe that started in
2007.

Chart 4: Annual Increase in Broadband Penetration RaGreece and the EU (broadband
lines per 100 inhabitants)
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Source: 15" European Commission Implementation Report.
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1.5.3 Broadband Lines by Technology

The xDSL lines via LLU kept rising significantly amnting to 41.5% of broadband lines
on 31-12-2009 compared to 36% on 31-12-2008 (Chartand 6). In contrast, the
percentage of OTE’s retail ADSL lines fell to 55.386 broadband lines on 31-12-2009
compared to 57.3% on 31-12-2008 but still kepthiggest share in the broadband market.
The percentage of wholesale ARYS lines (bitstreeth)even more, dropping to 2.7% of
broadband lines on 31-12-2009 compared to 6.3% 16h232008. It is noteworthy that
wholesale ARYS lines are the only ones who man#dedtcline not just in percentage terms
but also in absolute terms (Chart 6). Finally, tlegel of broadband lines of other
technologies remains very low at a percentage 5$%oGhat is by far the lowest among EU
member states (Chart 7).

Chart 5: Distribution of Broadband Lines by Technology,desmber 2009

0.4%

41.5%

55.3%

2.7% —/

B ADSL Lines of OTE B ADSL Lines of alternative operators via ARYS
xDSL Lines of alternative operators via LLU Lines of Other Technologies

Source: 15" European Commission Implementation Report.

The evolution of broadband lines per technologyillustrated in the following Chart.
Again we see that the year 2007 was the year thdtdppeared in the Hellenic Market.
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Finally, the level of broadband lines of other tealogies remains very low at a percentage
of 0.5% that is by far the lowest among EU membates (Chart 7). DSL still remains the
main broadband service in Greece.
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1.5.4 Speeds of Broadband Lines

Chart 8 presents the distribution of all broadbdéines by access speed. All broadband
lines now operate at speeds equal to or more tidba (download). 16% of lines operate
at speeds ranging from 2 up to 10Mbps (downloatigreas 36% of lines operate at speeds
higher than 10 Mbps. The remaining 48% operate Mb@s (download). The phenomenal
increase in the amount of data in the Internet mtated networks has caused a similar
demand for bandwidth and faster connections spdédaspercentages on 31-12-2008 were
10.9%, 32.6%, and 16%, respectively. From chare&an come to the conclusion that the
need for higher speed has led to the eliminatiospekds like 768 Kbps and 1 Mbps and the
increase of the speed of 2 Mbps from 16% to 48%.

Chart 8: Percentage Distribution of Broadband Lines’ Noahi@peeds, December 2009
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Source:EETT [3.] (based on licensed providers’ data)
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Last, Chart 9 shows the progress of the avernpgedsof ARYS lines (wholesale and retail
lines from the incumbent operator HTO “OTE”) whidlpicts a continuous rise, reaching a
speed of 4.385 Mbps on 31-12-2009 as compare@432bps on 31-12-2008.

The increase from 1.097 Mbps to 2.000 Mbps fromdddrer 2007 to March 2008 is due to
the liberation of the ADSL market from EETT with ¢ad Loop Unbundling — LLU, which
has forced the incumbent operator HTO “OTE” to ngeits speed to keep up with the
Market needs from the relevant Internet Servicevidess in Greece (Forthnet, HOL, etc.)

Chart 9: Evolution of Average Nominal Access of ARYS Lines
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1.5.5 Local Loop Unbundling

ASDL access via LLU (Chart 10) reached the numie®8y,310 lines on 31-12-2009
compared to 646,124 on 31-12-2008 (increase by 58k increase is entirely due to full
access lines, given that shared access lines latesedy stable, thus presenting a decrease
by 13% for 2009. The average monthly access caosa fiully unbundled loop in Greece
amounted to 9.14 Euros compared to 9.75 EuroseoEtiropean average, making Greece
the 8" cheapest country in the EU (Chart 12). The relepsice for 2008 was 9.65 Euros
(decrease by 5%). Respectively, the average mordkbess cost for shared access
amounted to 3.24 Euros compared to 3.53 EuroseoEtiropean average, making Greece
the 10" cheapest country in the EU (Chart 13). The relepaice for 2008 was 3.39 Euros
(decrease by 4%).

Chart 10: Evolution of LLU Lines
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It is noted that the regulative and supervisorgrvention of EETT played a decisive role in
the progressive course of LLU, since the modifaatof RUO, legislated by Decision
129/45/4-4-200.

The year 2007 was a landmark year for the broadpangress in Greece. The broadband
connections exceeded 1,000,000 at the end of the(pepulation penetration rate 9.1%).
At the same time Local Loop Unbundling (LLU) demtvated a rapid growth

It is obvious that the exploitation of LLU has atd the ability to alternative providers to
promote a series of service packages to the mawxketh combine broadband access to the
Internet with telephony services and in some césesision or video-on-demand services
over the Internet. Moreover, contrary to previogsng, alternative providers based their
development mainly on the use of LLU and much tessther wholesale broadband access
products. This fact suggests the transition of mangviders to higher levels on the
investment scale, as they were now able to devealfipr and support new innovative
products for Greek standards, such as double-pipig-play, etc., offering a wide range of
options to the Greek consumer in competitive prices

Chart 11: Development of LLU Lines as a Percentage % of Bdband Lines
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Chart 12: Monthly Average Total Cost per Full Access LLUhEI
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Chart 13: Monthly Average Total Cost per Shared Access Llikk
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1.6 Basic Internet Service Providers in Greece

1.6.1 Hellenic Telecommunications Organization (HTO ‘OTE)

Hellenic Telecommunications Organizatiof6.] (HTO — “OTE") is the largest telecom-
munications provider in Greece, and together wihsubsidiaries forms one of the leading
telecom groups in Southeastern Europe.

HTO is among the five largest listed companieshwéspect to capitalization, in the Athens
Stock Exchange and is also listed in the LondorE)LStock Exchange.

Following an agreement between the Greek GovernameshtDeutsche Telekom, since 5th
November 2008, each held 25% plus one share in iK¥T8hare capital.

Since 31st July 2009, following the sale of a farth% of HTO share capital by the
Greek State to Deutsche Telekom, the Greek Stdtis 20% and Deutsche Telekom 30%.
The HTO Group offers a full range of products aen/ges, from broadband services, fixed
and mobile telephony, to high-speed data communitatind leased lines services.

The rapid expansion of broadband penetratiomgalvith increased demand for data
transfer require the migration from TDM and copp#rastructure networks, designed for
voice services, to IP technology which carries imétia traffic. At the same time,
increasing demand for access creates the need felevzant adjustment of transmission
systems and of the architecture of the backbonevamkt Within this context, and
acknowledging its critical role in the rapid devaloent and expansion of broadband
penetration, HTO continues to invest in networkfplans, services platforms and support
systems. Ongoing efforts involve infrastructure estynents across the country and are
aimed at enabling migration to an advanced, higiacily network, which will support a
wide range of broadband services.

Access Networks

ADSL

- Constantly expanding our network across the agunincluding areas of low population
density — in order to enable citizens to use braadtservices

- Over 1,000,000 ADSL subscribers

- ADSL speeds 2, 8 and 24 Mbps

- Conn-x TV Digital TV Services through broadbamdess (IPTV) at 2,8,24 Mbps
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New Technologies

WIMAX: pilot test for wireless broadband access

WiFi: HTO WiFi Hotspots give allow customers wirsteaccess to the Internet via their
laptops or PDAs

(Data as of 31/03/2009).

Fixed Line in Greece-Broadband Services

Placing special emphasis on the developmenpanmdotion of broadband services, HTO
offers high ADSL access speed packages througtbraadband brand “conn-x". The
company has also focused on reducing “conn-x" sesviariff plans and on developing its
infrastructure further by increasing ADSL points mesence in its telecommunications
network. In addition, HTO has introduced new typésvoice services in its broadband
Internet packages, aiming to respond to growingketaslemands for specialized bundled
products both for residential as well as businessotners.

m OTE ADSL* wLLU

2008 2007 2008 2009 Q12010 22010 Q32010

[7]
* Retail & Wholesale
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1.6.2 Hellas online (HOL)

Hellas online (HOL)[8.] is one of the leading providers of fixed-line t#leny services
in Greece, providing a range of voice and inteagetess services. HOL owns and operates
a large core backbone network throughout contime@taece and through its points of
presence (PoPs) it offers significant populationecage of the two largest cities in Greece,
Athens and Thessaloniki. HOL has provided inteagstess services in Greece since 1993,
having been one of first internet service providggss) in the country. HOL has evolved
from an ISP, offering primarily internet accessveass, to a fixed-line telecommunications
services provider offering a broad range of retaikiness and wholesale services.

Hellas online is one of the leading Greek fixedelielephony services providers based in
Athens. Hellas online (also known as "hol") is membf the Intracom Holdings group
since 2006, is one of the first Internet providerssreece to offer public dial-up Internet
services, and has since evolved from an ISP, affggrimarily internet access services, to a
fixed-line telecommunications services provideredfig a broad range of retail, business
and wholesale services. It offers the highest taésnin online gaming amongst all Greek
broadband internet providers.

In June 2008, Hellas online merged with Athens IStéxchange - listed company
Umbrian, and became enlisted under the name Hatilase (HOL)

The Network HOL [9.] owns and operates a fibptimnetwork of approximately 3,278
kilometers as at August 31, 2008. Its core backbweiork is the second largest network
in Greece after that of OTE, the incumbent operaiidirough its points of presence (PoPs)
comprising physical co-location in unbundled lot@bps (LLUsS) HOL offers extensive
population coverage in the metropolitan areas efttho largest cities in Greece, Athens
(over 80%) and Thessaloniki (over 70%), and sigaiit coverage of population in the rest
of Greece. HOL'’s extensive proprietary fibre optetwork connects the three major Greek
cities of Athens, Thessaloniki and Patra and cosgegsificant parts of the most densely
populated areas of Greece (Larisa, Karditsa, Taik&lolos, Lamia, Thiva, Livadia and
Chalkida). HOL's network provides high-capacitynoection between its data centers and
sites, thus allowing HOL to backhaul high bandwidtist-effectively to its unbundled local
loops, without having to lease capacity from OTHjlevin certain cases, enabling HOL to
lease its own spare capacity to other Greek orat®mnal telecommunications operators.
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Products and Services of HOL

In addition to its historical narrowband internetess services, HOL has expanded its
services to its retail customers to include offgrin
« bundled fixed-line telephony and internet accesaces
« single-play services (broadband internet accessshaged LLU); and
« double-play services (broadband internet accesdiged-line telephony) over full
LLU as part of its “DoublePlay” product, and voioaly services over LLU.

HOL offers telecommunications services and sol@itanits business customers, including:
o leased line SDH and metro Ethernet
e Virtual Private networks (VPNSs)
« web hosting
« wholesale services to other national and internatitelecommunications operators.

1.6.3 Forthnet

Forthnet[10.] is the largest private broadband and satellitdsmprovider in Greece.

Its primary objective is to remain close to its tomsers on a continuous basis and to
develop tailor made solutions. This is why the campmakes sure that it invests in new
technologies and infrastructure and develops iategr telecommunication proposals and
solutions, which are addressed to both resideamidlbusiness consumers.

Within this framework, in the past years Forthnes hnvested hundreds of millions of

Euros in order to develop its own infrastructureotighout Greece; this includes a private
fibre optics network and a Wireless Local Accesswdek. Furthermore, the company

owns fibre optic submarine cable circuits and essucontinuous upgrading of its

international Internet interconnection speed.

The development of a very extensive nationalost of specialized broadband stores
constitutes an important investment for the compahg aim of this Forthnet-branded
network is to provide good quality personalized/sxer to consumers throughout Greece.
Forthnet is the company that introduced the Intetm&reece and it currently offers a wide
range of broadband services with an emphasis onlirttegnet and fixed telephony.
Moreover, in August 2008, after acquiring NetMed/. and Intervision (Services) B.V, the
company entered the pay TV sector dynamically.

Forthnet’s rich portfolio of services covers aléttelecommunication needs of households,
small businesses and large organizations.

As regards residential consumers, the companysofferery wide range of Internet access
and telephony services. Furthermore, aiming atighoy broadband access everywhere,
Forthnet is developing the largest network of véssl access points throughout Greece.
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Everybody can enjoy wireless broadband access dhrolbe Forthnet Hotspot network,
even far from home or the office.

As regards corporate services, Forthnet suppuoddern businesses by offering good
quality Internet access solutions, corporate nts'iMPLS VPN), interconnection of
remote points of presence (leased lines), fixegptedny, computer system and application
hosting, and also advanced surveillance, manage&emiaintenance services, together
with technical support for such services (Managexviges).

Home Services

e Forthnet 2play

Enjoy unlimited calls to all Greek fixed numberslimited calls to fixed numbers in 43
countries, 60 minutes free calling time to all oatil mobiles and unlimited broadband
internet up to 24Mbps.

e Forthnet ADSL

Enjoy unlimited broadband ADSL, free WiFi accessaktForthnet HotSpot and 50 sms/
month for free.

e Forthnet Telephony
Enjoy unlimited calls to all Greek fixed numberslimited calls to fixed numbers in 43
countries and 60 minutes free calling time to ational mobiles.
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1.7 Recent developments in Telecommunications and tmeed for
analyzing the demand for broadband Services

In our days we have a lot of information in maayivities and function of the economy is
microeconomic and macroeconomic level.

Many economists have analyzed the impact of “Maol@n” which claims that computer
processor power (measured by the number of gates single processor chip) doubles
every 18 months, leading to drastic evolution i phice of processing power (measured in
MIPS).

What economics, as many in industry, have missetha bandwidth growth “law”: “The
total bandwidth of communication systems will teéptvery year for the next 25 years”.
This “law” is a consensus opinion not necessaiit £stablished by thorough analysis.
Telecommunications are over time the basic domairtife economical development. The
rapidly development of the past, with innovationstsas mobile telephony and the Internet
have led to a fundamental change into the telecamgation industry and market.

Understanding the process of Internet adoptiod diffusion as well as the main
determinants of cross-country differences in thiscpss seems to be of particular interest
since, as it has long been acknowledged, the letésra key tool of economic development
(Kenny, 2003; Roller & Waverman, 2001; Sanchez-Robk, 1998).

Luis Andres David Cuberes Mame Diouf Tomas Serelsky [11.] analyze the process
of Internet diffusion across the world using a pamfe214 countries during the period
1990-2004. Countries are classified as low- or -Higicome and it is shown that the
diffusion process is characterized by a differeish&ped curve in each group. It shows that
network effects are crucial to explain this proc&€3se important finding is that the degree
of competition in the provision of the Internet tdloutes positively to its diffusion

Internet adoption has brought to consumersyrrieteadoption has had a significant impact
in terms of cost savings for the corporate sectarian et al. (2002) or in terms of
information diffusion among the academic world.

Fildes and Kumar (2002) [12.] successful modeling of the constantly changing
telecommunications market has been limited dueddraise of the monopolistic national
suppliers on the one hand and rapid developmentsropetitive new technologies on the
other. They argue the accuracy of econometric ggbraliffusion models across the wide
range of telecommunications applications as thepire long data sets which are not
available as a result of the short life cycle & thspective services.
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Chinn and Fairlie (2007),they use panel data from 161 countries for the syé809—
2001 to identify the determinants of cross-courdigparities in the usage of personal
computers and the Internet. Although income difiees play a major role in explaining the
digital divide, they show that there are other img@ot determinants such as regulatory
quality and the level of infrastructure.

Guillen and Suarez (2001, 2005)focus on the effect of economic, political, and
sociological factors on Internet usage.

The natural monopolist that were in the marketdecades are going to be demolished
fully and there are created the right bases forctieation of many competitive companies
for the supply of telecommunication service.

Inmaculada Cava-Ferreruela, Antonio Alabau-Munoz[13.] provide some insights into
the effectiveness of different policy choices tompte broadband.hey explore the factors
influencing broadband supply, demand, and adoplibe.results suggest that technological
competition and the low cost of deploying infrasttues on the one hand and the
predisposition to use new technologies on the otappear to be the key drivers for
broadband supply and demand, respectively.

In most countries, the state monopolists prangjdelecommunication services have been
privatized, fully or part. Special independent ragory authorities have been created, new
companies have been licensed, and there have b&educed new regulations for the
interconnection of competitive companies and matket

Harold Ware Christian M Dippon [15.] explore the effects of network unbundling in
telecommunications. It includes discussions of basic economics of unbundling; the
competitive effects of unbundling on voice servigethe US and broadband in the US and
the European Union; and unbundling policy in a wodf convergence. Mandatory
unbundling can delay facilities-based entry anducednetwork investment, particularly if
unbundled input prices are set too low. Excessiveep for essential network elements
could hamper competitive entry. The results sugtedtwhen relevant demand and supply
determinants are included in the analysis, theaason between mandatory unbundling
and increased broadband penetration is not statligtsignificant.

Also there has been a change in the regulatdmsh are related with the billing and the
provision of telecommunication service into fin@nsumers. The main point of all these
changes was the introduction of competition forcesnarket so as to reduce prices, to
increase productivity and to make better the QualitServices (Qo3)

1 QoS (Quality of Service) refers to a broad collectafmetworking technologiesnd techniques. The goal of
QoS is to provide guarantees on the ability of ®voek to deliver predictable results. Elements efwork
performance within the scope of QoS often includailability (uptime), bandwidth (throughput), latgn
(delay), and error rate.
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David SRAER [14.]measures the extent to which Local Loop Unbundiegulations in
the broadband industry affect the demand for hged Internet. Because the
Telecommunication industry is on the brink of a onayave of investments in new “Fiber
to the Home" networks, understanding the relatieefits of service vs. infrastructure
based-competition is important. It is shown thabwmdling by at least one operator causes
a large, significant shift in penetration. It is@lfind a large part of broadband demand
following Local Loop unbundling cannot be attribditéo lower prices, indicating that
quality increase and/or local marketing effortogitays a crucial role in widening Internet
penetration.

The notion of quality of service (QoS) has difet dimensions, such as response time,
delay, resolution, integrity/security and subjeetquality (voice, video, etc.).

Today each user may have physical access to ditfeetworks, owned or not by the same
or different operators, and which he relies on dorerse services and QoS qualities of
service. For all such combinations, different ratesild apply, some regulated, some not,
and anyway complex billing and payment would beessary. One way around this is to
have operators owner service and access packagetiiny together, say x number of local
telephone calls, with y minutes of long distanckscaith z minutes of mobile connections,
with t Internet packets sent or received. Rese&rateeded, linking user behaviors, with
costing and profit margin issues, to define innmeasubscription packaged. & Pau)
[16.].

The main purpose of the regulatory authoritgasmake the best from the side of the
consumer.

One political or regulatory concern is, in todagodel, to mandate equal and universal
access to some key services. The term “univergallinked to location and economic
resources. According to Article of the EU interceatmon directive, universal service means
a defined minimum set of services of specified ifpakhich is available to all users,
independent of their geographical location, andhenlight of specific national conditions,
at an affordable price. In the days of monopolyrafmes, this was achieved by letting other
subscribers carry the incremental investments asgisc In a deregulated framework,
competing operators have a hard time supportingtihsidies to specific locations or user
groups, while new operators emerge catering toetlypsups, but at higher costs or lower
service levels. Anyway, the issue is just at itgibeings as the policy is still enforced at the
operator level, and not attacked from the useredriperspective, i.e. allow for access to at
least one of the networks irrespective of the tetdgy used.

The purpose of USO is (or should be) to provide momications service to those who
could not otherwise afford this service when priaethe true market cost of provision.
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The principal issue addressed frdames Alleman Paul Rappoport Aniruddha Banerjee
[17.] is, what should be included in the definition of @SThe notion of connectivity,
namely, whether a device or network allows commatoa with the rest of the world
should be included in the definition. A corollaiy that no single technology (or service)
should be provided with a subsidy or generatesbaidy, so as not to tilt the playing field.
Broadband connectivity is critical to infrastrueuin the information age for economic
growth and development.

The study and especially the forecasting of teenahd for broadband networks and
services id the main subject for the evolutionhaf telecommunication from the point of the
provider as well as from the side of the regulatory
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2. Chapter 2

2.1 Literature Review

2.1.1 Approaches in Europe

A significant number of efforts to determine tharket size and estimate the demand for
various types of telecommunications services cafobred in the literature especially for
developed markets.

The importance of demand forecast for telecomoations services for engineers and
marketers is highlighted in telecommunicationsréitere. Rappoport et al. (2002) [18.]
question of Willingness To Pay (WTP) and considead the underlying basis on any
demand curve.

Alleman and Rappoport (2007) [19.]differentiate demand for access from demand for
content and raise discussion in a wide perspectajgproaching the demand for
telecommunications services as derived from theswmer’'s ability and willingness to pay
for them in relation to other basic needs suchoasl,fshelter, health care, etc. considering
the increase rate of subscribers in services #tptire broadband access in association with
the respective modification of ICT expenditure ghaf Gross Domestic Product (GDP),
they highlight the importance of the last kilomeaéfair.

Rappoport et al. (2003)20.] gives serious consideration for the charactessifche end
users (age, income, education, ethnicity, rural/noal resident) and describe two models.
The discriminant model which correlates broadbaethahd with socioeconomic and
demographic characteristics and the users’ speadiivity and the discrete choice model
which is based on access price, value of time gmbrdunity cost in association with the
self-selected discrete choice of broadband orujekccess. Main conclusion is that the so-
called digital divide is more likely to be a geqggn&c phenomenon rather than a
socioeconomic one, so broadband services avatlalsliikely to fall behind in rural areas
without substantial supply subsidy provided bystete. Concerning rural/urban differences
in particular, a research related to the provisiod use of broadband in the EU countries
was conducted under European Committee’s support.
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Trkman et al. (2008) [21.] identify the latent variables that influence brioacd
development, namely factors that cannot be obsedusdtly. Pairs of variables such as
GDP, price of broadband connection, population tgnetc. are used. The first factor is
connected to economic variables (income, broadlsandce price, etc.), the second one is
correlated with the use of specific services (edot@mce, e-transactions, etc.) and the third
one is connected with indicators which show théesté ICT environment within a country
(PC access, education level, number of phones),. dtoe study finally indicates direct
actions by local governments and various stakehsldestimulate broadband demand (e.g.
effective competition by promoting and giving emgpisaon local loop unbundling,
liberalization of infrastructure and network sees¢ public—private partnerships, tax
incentives for investments, etc.).

Ida and Kuroda (2006) [22.]explore broadband market in Japan considering dhe f
available alternative modes of connection (ISDN,SAD Cable TV and Fiber To The
Home (FTTH). ADSL service is less elastic than ttkeer three services, implying that
market of ADSL is independent of the others. Furtiere, because of the fact that the
ADSL constitutes almost the three quarters of theles market, three different speed
categories within the ADSL market (low, medium dmgh) are scrutinized. It is concluded
that demand for medium-speed ADSL is less sensitiyerice changes than the other two
categories. However, as broadband evolution coesimaedium-speed users are likely to
switch to high-speed rendering ADSL a substitute BT H.

Kenneth Flamma, Anindya Chaudhuri (2007) [23.]extends the analysis of the relative
impacts of socioeconomic factors on householdsistat to subscribe to dialup Internet
accessChaudhuri, A., Flamm, K., & Horrigan, J. (2005)]. It is found that the decision to
purchase any access at all, and the decision teadpgo broadband, may be affected
differently by various socioeconomic factors. Themneprice elasticity of broadband
demand is statistically significant and has a si&l coefficient value. The cross-price
sensitivity of broadband demand with respect tdugigrice is also statistically significant,
and supports the notion of the two services beirptitutes. Observed consumer selection
of broadband services may be entirely absent inyng@ographical areas not because the
residents are not interested, but because serusgdprs find the economics of small and
sparsely populated markets unattractieghaudhuri, Flamm, and Horrigan (2005
analyzed price, geography, and the demand for gliaiternet access. They also considered
a simple model for broadband access, but the seate inconclusive because of problems
with the homogeneity assumptions embedded withiardared logit modeling framework.

Price though theoretically the most interestitggerminant of Internet service choice is
also the least explored and understood. Pricepsitant both as a key to understanding the
market and as an instrument for changing it. Wrenparing two markets, ceteris paribus,
lower prices are usually associated with more cditige market structures. Were the own-
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price elasticity of broadband proven to be high¢eicould also be viewed as a potential
instrument shaping broadband penetration, influgrtbeough regulation, or even through
subsidies.

Evidence is found in Kenneth Flamma, Anindya @hauri (2007)hat broadband price is
indeed a statistically significant driver of broadid demand. While demand is relatively
inelastic, the coefficient is high enough to indéca not-inconsequential practical impact. If
this finding is supported by further research, thevadband price declines (and dialup price
increases!) may well have played an important stipygprole in explaining some portion
of recent increases in broadband penetration r@edghe other hand, after controlling for
price, the authors find that other non-price faxtaiso seem to affect dialup and broadband
demand rather differently. They reject the hypathélsat effects on choice of low- and
high-speed service are the same for marital andestustatus, gender and metropolitan
location. One interesting finding is the stark cast of urban and suburban households with
their rural counterparts.

Besides econometric studies of Internet acchsgce by Goolsbee (2000), Rappoport,
Kridel, Taylor, Duffy-Deno, and Alleman (2002), aMarian (2002), which consider the
trade-off between access speed and subscriptiae,here is limited publicly available
research examining the service attributes prefdosedonsumers and their willingness-to-
pay (WTP),Scott J. Savage, Donald Waldman [24.¢xamine residential demand for
broadband Internet access. Survey data are uséuvéstigate consumer awareness of
Internet access service, profile residential Ir@eactcess and use, and gain insight into how
important always-on connectivity, price, speedtahation, and reliability attributes are in
the household choice of service. Empirical respitsvide information for the design,
pricing and marketing of more effective Internetess services, and may also prove useful
for policy makers debating the “digital divide”nd policies that promote access to the
Internet, e-commerce, e-government, e-health, ahatational opportunities. Savage and
Waldman (2002) extend the traditional labor—leistlieice model to include the benefits—
costs of Internet access. Data are used to inastigopnsumer awareness of high-speed
Internet access, profile residential Internet ascasd use, and gain insight into how
important “always-on” connectivity, price, speddstallation, and reliability attributes are
in a household’s choice of service. Analysis ofveyr data suggests that household
awareness of high-speed service availability iatnedly high for cable modem and DSL
technology. Preference for high-speed access iarappamong households with a higher
income, a college education and multiple PCs.
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Yuji Akematsu [25.] analyzes the factors promoting the ADSL marketibiyng the data
of its subscribers. Akematsu utilizes panel datamminthly subscribers of four ADSL
carriers to overcome the problem of shortage of,ddte ADSL market has been an

oligopoly.

Gregory Rosston Scott J Savage Donald M. Waldmaf6.] determine consumer
valuations of different aspects of broadband Irgerservice.They estimate household
demand for broadband Internet service. The remornbines household data, obtained from
choices in a real market and an experimental ggttvith a discrete-choice model to
estimate the marginal willingness-to-pay (WTP) ifaprovements in eight Internet service
characteristics.

e Price per month for Internet service (COST)
e Time it takes to download and upload informatioREED).
¢ Reliability of the connection to the Internet (REBILITY).

The empirical results show that reliability and epp@re important characteristics of Internet
service.

The latter finding indicates that very fast hmiet service is not worth much more to
households than fast service. Willingness-to-paysfeed increases with education, income
and online experience, and decreases with agel Rouseholds value connection speed
more per month than urban households. It is founad valuations for Internet increase
substantially with experience.

It is difficult to estimate demand for broadbas®vice, and more importantly for specific
characteristics of broadband service with dataettily available. For example, while there
is information about subscription rates to Interaetess, pricing and plan choice are not
generally available publicly.
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Broadband adoption in rural areas

Victor Glass - Stela K. Stefanova [27.lexamine the factors that will encourage
broadband adoption in rural areas. They found Itwatdensity, high cost markets decrease
the ability of the telecommunication service prarsito offer DSL, but other factors also
play a role. Demand for broadband has become metastic over time, marginal increases
in speed alone have lost their appeal to custoraatsthe inclusion of video in a broadband
package improves broadband take rates and willsgyte pay. Small income elasticities
reinforce our finding that broadband has becomecassity. It is shown that price subsidies
may not be effective in providing a large boostié&mand, but policies that lower the cost of
providing video may stimulate broadband adoptiogirectly if the savings lead to more
affordable bundled communications multimedia paekaat users want.

Broadband platforms

There are several physical networks over which divsaad services can be offered to end-
users. Digital Subscriber Line (DSL) is the platfiofor broadband access technology via
the upgraded traditional fixed telephone netwaohle, Public Switched Telephone Network
(PSTN).

The other main platform for broadband services able modem technology, which
provides broadband access over cable televisiomonks$. In order to provide broadband
services, these cable television networks needetafgraded to make two-way traffic
(uploading and downloading) possible.

Besides DSL and cable, there are newer platforrestalprovide broadband access. These
upcoming platforms include optical fibore and wissdetechnologies, such as third-
Generation (3G) mobile telecommunications or WiMaxpractice, however, they still play
a relatively minor role in most countries.

Jan Bouckaert, Theon van Dijk, Frank Verboven [8.] empirically investigate to what
extent different forms of regulated competition lexp of the substantial differences
between OECD countries from the evolution of biwad! penetration.

Felix Hoffler [29.] shows that infrastructure competition between D84 eable TV had
a significant and positive impact on the broadbgesetration. The two main access
technologies for residential broadband productsurope and in the US are DSL and cable
modem. (Cable modem allows for higher transmissiates, which also have more
symmetric down- and upload capacities). Both tetdgies are rolled out first in urban
areas, and frequently they are not offered analliral areas
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2.1.2 Approaches in Greece

Moutafides and Economides [30.]Jhave taken into account regulation issues and the
commonly admitted inequality of broadband accesslawility between urban and rural
area, delivering fixed broadband lines to custonrefSreece.

There has been made an attempt to estimate enfigirib@ forthcoming demand for
broadband lines. Population’s income and effecteepetition are recognized as the
strongest determinants of broadband development.

Data are examined in separate for the 13 terrgonewhich Greece is administratively
divided in order to observe possible inequalitieswieen different geographic areas and
perform correlations with external variables sushreome, age, level of education of each
territory’s population according to data by the iNa&l Statistic Service and the
Observatory for the Greek Information Society.

Differentiation between territories is explained bgcio-demographic characteristics in
cases where results are statistically significddreover, an attempt to predict the future
demand trend is made in relation to socio-demogcdplbtors, using a time-series model.
They examine correlations that occur between braadiidlemand and the following factors:

e Education Level and Age. It yields that the levéleducation plays an important
role to the people’s decision to buy a broadbandess line as it explains
covariations based on regression analysis results.

¢ Income. The population’s income in Greece is ingirgaeven at a slow rate, having
a positive effect on broadband demand judging leyetktremely high value of the
correlation coefficient.

e Sex and Age. With regard to the age of men and wome

e Marital status and Age. Regarding the marital stafudifferent age groups.

Results of the study stiffen the already knowvasifive relationship between broadband
lines and income variable as they denote an alper$éct association among them. Same
with all goods and services in the end, in thereféd estimating broadband demand, it
comes down to price and income and more speckithHt price relative to the price of
basic needs (food, shelter, etc.). As far as |®feéducation is concerned, demand is
affected only by low level educated groups as irstnwases persons with higher education
are users of innovative services anyhow. Sex isrsiderable factor as males influence
demand more than females, especially in school. digsspresume that on-line gaming is a
key element to the explanation of this phenomeransidering the increasing sales in the
gaming machines market. The marital status varigdes quite an important role as
singles and widowers/widows have in general moreetiand money to spend on
entertainment (music/ video downloads, Internetiggiretc.), not excluding the possibility
of using broadband lines for educational or teleknmurposes.
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Pantelis Koutroumpis [31.], investigates how broadband penetration affects aoan
growth. A macroeconomic production function with maicro-model for broadband
investment is used to estimate the impact of braadhnfrastructure and growth. The
results indicate a significant causal positive liekpecially when a critical mass of
infrastructure is present.

There has been made an attempt to measure themsicangpact of the telecommunications
infrastructure on growth and more specifically #ftects of broadband infrastructure. The
growing numbers of internet subscribers worldwidegkenthis study particularly important.

This issue has also received considerable regylatat public policy attention especially in

the developed countries. There are used evideonoe 22 OECD countries over 6 years to
estimate the impact of broadband infrastructure.

Koutroumpis estimate the effect of broadband infee$ure on growth using a

simultaneous equations model. This model endogenizemadband Investment by
incorporating broadband supply, demand and outguatoons. The system is then jointly
estimated with a macroproduction function henceacting for the simultaneity effects.

This work adds to this emerging field by incagtong a simultaneous approach
methodology that endogenises supply, demand anguownd provides measurable
estimates for impact of the broadband network esléres for the OECD countries.

The results suggest that there are increasingne to broadband telecommunications
investments, which are consistent with the penstgeof network effects. What has been
seen is that there is evidence of a critical mdsnpmenon in broadband infrastructure
investments.

Michael Demoussis, Nicholas Giannakopoulos [32.]investigate the ownership
dynamics of home computers in Greece. The prolymhi ownership is influenced by
observed household characteristics (e.g., age,aida¢c family composition, income and
familiarity with technologically advanced durable§reater diffusion of information and
communication technologies (ICTs) is expected tordase the efficiency of ongoing
development policies and contribute in the realwabf faster economic growth. A major
facet of ICTs diffusion concerns home computers.

Observed household heterogeneity does influghee probability of home-computer
ownership in any given year. Observed heterogemeitgerns household income, age and
education of the husband and wife of the househuldiber and age of children and the
household’s predisposition towards technologicatlyanced durables. In the same context,
home computer ownership appears to be affected hby density of installed home
computers in the area where the household is sdyat finding that suggests the presence
of direct network effects and/or local learningllspiers.
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The demographic and economic situation of Greelseholds (age, education, family
composition, income) is not expected to drasticalhange in the foreseeable future.
Therefore, the effect of gradual changes in obskrgerrelates on home computer
ownership is expected to be modest.

The main implications are the process of narrowihegdigital divide between Greece and
its E.U. partners will take some time, much lontiem it is usually thought and given the
existing differences in ownership rates within @Gesediffusion of home computers could
reach saturation levels while a significant porti@inhouseholds abstain(&chimtt and
Wadsworth, 2002) [33.].

2.1.3 The case of Greece

Greece has lagged behind on broadband netwovestments, as a result of manifold
reasons as limited terrestrial infrastructure, ubWnership of the main vendor, disputed
telecommunication policy and late abolition of mpaly in telecoms.

National Regulator Authority (NRA) in the case ofe@ce the National Committee Of

Telecommunications and Post Office (EETT) was distadd in order to supervise

liberalized telecommunications market. However,g8eswas the last member of the EU-15
community to incorporate into its legislation thkefalization of the telecommunications
market that is to grant to companies other thansthge-owned main operator (Hellenic
Telecommunications Organization, HTO, ‘OTE’) thghti to provide telecommunication

services.

According to this directive, the company witlgreficant market power or the biggest
market share (HTO in Greece at that time) was cdletpéo provide universal service, that
is ensure that all citizens within Greek territavpuld have access to a phone line. More
importantly, because of the fact that such a commauld actually dominate the market
and in order to avoid strong monopoly effectstatsffs for distinct services had to be cost
oriented and finally approved by the regulator. §smuently, for any change to its prices
for a variety of services, broadband included, Hi&l to submit to the regulator a well
justified annotation and was further obliged to yle for each retail service a
corresponding wholesale one at lower cost.

Private companies seemed hesitant to investeantachnologies and initially settled on
trying to build their own clients by offering tharee narrowband services (mainly voice) as
the incumbent. They managed to do so by leasinig-tegacity circuits from the existing
incumbent’s infrastructure with wholesale pricesteolled by the regulator and using
Voice over IP (VoIP) compression provided voice/gass at low prices.
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LLU was promoted by enforcing HTO to provide thast mile” to other operators and
furthermore, to be bound to maintain it on a montee set and controlled by the regulator.
This action encouraged private providers to ineesbroadband technology and favored the
diffusion of sites where broadband access wasaail
Another important issue that Greek market had te favas the big difference in the
availability of broadband between urban and rurehs.

Nevertheless, although fixed broadband penetrascalated to 17% in January 2009 and
17% in January 2010 from 2.7% in July 2006, Gremaeently ranks 23rd in EU-27 far
enough from the EU-27 average, which was 23.9%qji@an Commission Information
Society, July 2009 and Observatory for the Gredédrination Society, January 2010).

Considering the massive fiscal crisis in Greecel the cuts in salaries and public
investments adopted by the Greek government inrai@elecrease the State’s budget
deficit, the distance between Greece’s and the Ed¥srage penetration rate, though
diminishing during the past 2-3 years, is rathertimversial as data are likely to change
within year 2010. In any case, it becomes appamadtaccepted by all stakeholders that
there are yet lots to be done towards the goalgifatl convergence. On top of the agenda
lies the already proclaimed and alleged to be stibdhito public consultation, New
Generation Access Networks project according toctvhoutdoor Cabinets (Fiber to the
Cabinet) and buildings (Fiber to the Home) are gdim be connected with the Central
Office through new, fiber optic cables, providingrabroadband circuits to end-users.
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3. Chapter 3

3.1 Econometric Model

The phenomenal increase in the amount of datadrinternet and related networks has
fuelled a similar demand for bandwidth and fastarmections speeds, which has driven the
development of several technological approachgsdeide broadband access to end users.
Bandwidth - killer application such as videoconferi@g, multimedia, and video on
demand (VoD) and the ongoing regulation and praagiton of telecommunication networks
and the rapid growth of distributed business apfibms have also contributed to this
demand for more and more bandwidth from existingvaeks. Wavelength — division
multiplexing (WDM) and terabit routers have genedaa vast switching and fiber capacity
for the backbone network, which have enabled thekiiiane network to facilitate high-
speed transmission of traffic flowing through treworks.

First we haveMoutafides and Economides [30.which theyhave taken into account
regulation issues and the commonly admitted inetyuaf broadband access availability
between urban and rural area, delivering fixed brdildand lines to customers in Greece.
Using time-series analysis and examining the caticels between the number of fixed
broadband lines and specific demographic factorghe past three years (mid 2006—mid
2009), an attempt to estimate empirically the foothing demand for broadband lines is
conducted. Population’s income and effective coitipetare recognized as the strongest
determinants of broadband development.

Data are examined in separate for the 13 terrganewhich Greece is administratively
divided in order to observe possible inequalitieswieen different geographic areas and
perform correlations with external variables sushreome, age, level of education of each
territory’s population according to data by the iNa&l Statistic Service and the
Observatory for the Greek Information Society.

Differentiation between territories is explained bgcio-demographic characteristics in
cases where results are statistically significddreover, an attempt to predict the future
demand trend is made in relation to socio-demogcdpltors, using a time-series model.
This paper explores the Greek telecommunicationskehalt endeavors to provide an
empirical estimation of the demand for broadbandess lines based on a time-series
analysis and taking into account that the era oathband in Greece is still on an early stage
in particular with regard to the short history el competitive environment. It uses data by
the National Regulator Authority and the compartineg offer broadband services regarding
the diffusion of sites (exchange offices) with liband availability and the number of the
corresponding subscribers focusing on how this remtfiloictuated during the period mid
2006—mid 2009. The only distinction between sulbg&es is that of having chosen the
incumbent or another company (so called alternatperator) for broadband access.
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Integrated Services Digital Network (ISDN) is nainsidered as broadband connection
therefore data concern exclusively Asymmetric RigitSubscriber Lines (ADSL)
connections, both symmetric and asymmetric, withfauther analysis to different speed
packages as companies offer a variety of choicddamload/upload speed.

For the sake of uniformity in data analysis, all LD8onnections are considered as
broadband independent of the respective downlodmHdpspeed. In addition, data are
examined in separate for the 13 territories in Whireece is administratively divided in
order to observe possible inequalities betweenemfft geographic areas and perform
correlations with external variables such as incomge, level of education of each
territory’s population according to data by the iNa&l Statistic Service and the
Observatory for the Greek Information Society. Ti& territories examined are shown
below:

e Eastern Macedonia and Thrace
e Attica

¢ North Aegean Islands
e Western Greece

e Western Macedonia

e Epirus

e Thessaly

e |onian Islands

e Central Macedonia

e Crete

e South Aegean Islands
e Peloponnesus

e Central Greece

In Moutafides, Economidepaper there is presented the actual number of bewabl
access lines separately for the incumbent ope(&f®O lines) and alternative providers
(LLU lines) indicating that competition has a clgawsitive effect on the demand for
broadband lines. This dramatic shift in the suppige, combined with the effective
unbundling of the local loop and the continuousiproved public awareness, have led to a
rapid increase of broadband lines, which escalfted 318,000 in July 2006 to well over
1.8 million in June 2009. Next table presents tbieial number of broadband access lines
separately for the incumbent operator (HTO linew) alternative providers (LLU lines)
indicating that competition has a clear positiieefon the demand for broadband lines.
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Number of broadband lines.

Jul-06  Sep-06  Dec-06 Mar-07 Jun-07 Sep-07 Dec07 Mar-08 Jun-08 Sep-08 Dec-08 Mar09 Jun-09

HIO 307 347 454 376 657 733 733 770 879 897 945 1008 1039
LLU 11 12 18 39 95 161 274 361 465 545 646 738 828
Total 318 359 472 615 152 894 1007 1131 1344 1442 1591 1746 1867

Transforming the table into the next diagram in,sge that demand for Broadband lines by
alternative operators and in total follows an altmpsrfect linear shape, which is rather
expected, considering that the market experientsedhildhood throughout the last 3 years.
Situation is slightly different for the incumbentee the initial sharp increase is followed by
the stabilization and the subsequent mild increE#fsBroadband subscribers, mainly as a
result of the absence of competition until the bemig of 2007.
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Diagram: Number of broadband lines (HTO and LLU lines).

Henceforth, they try to explain changes in br@abdemand as influenced by a number
of socio-demographic factors such as educationl,legge, income, sex and marital status
and estimate the demand for broadband for the yeazsme using a time-series diffusion
model which we briefly describe at first.

The model refers to the application of an ecoetoin analysis to time-series data sets.
Due to insufficient data regarding broadband subers’ profile and characteristics, they
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use a causal method to find correlations betweemtimber of broadband customers and
socio-demographic factors, assuming that theseeledions will continue to occur in the
future (Lutkepohl H., Kratzig M., 2004. Applied TenSeries Econometrics, Cambridge
University Press).

In statistics, the covarianeebetween two variables X, y can be representedllasvk:

oxy = E[(X-px) (Y- py)]

Forc = 0, the variables are not correlateds k¢ 0, values above average of x correlate with
values above average of y and vice versa, whitsifO, values above average of x correlate
with values below average of y and vice versa. Bwel of correlation (i.e. how strong
variables relate with each other) between variaklesnd y with expected valugs andpy
and standard deviatiols andoy is indicated by the correlation coefficient:

Ryy = 0xy / 050y
Where 6,= VE(X-p,)° & o, = E(X—uy)2

The correlation coefficient contains covariatraracteristics and ranges from -1 to 1. The
closer the coefficient is to either -1 or 1, theosger the correlation (negative or positive,
respectively) between the variables.

The computation of the correlation coefficient sially accompanied by the respective level
of significance that is the probability of resutising calculated by pure statistical accident.
The level of statistical significance p is an estiion of the probability that the result has

occurred by statistical accident. Therefore a largkie of p represents a small level of
statistical significance and vice versa. In thesprg study a threshold of p = 0,05 is adopted
so we consider worthy of evaluation only correlaticoefficients between variables for

p<0,05.

A time series is a set of observations generatgfientially in time (Box, Jenkins, and
Reinsel, 1994). If the set is continuous, the tsedes is said to be continuous. If the set is
discrete, the time series is said to be discregé. X(t),X(t2),.., X(tv) be the observations,
which are made at times, tt,,.., f. Discrete time series, which are made betweerdfixe
interval T, are written as {X X,,.., Xy}, t0 denote observations made at equidistant time
intervals § + T, b+ 2T,.., b+ NT. If tp is adopted to be the origin and T the unit of timee
can regard Xt as the observation at time t.

Thecross-correlation function CCFat delay ‘d’ is defined as:

CCF() = JrLf2(t-T)dt,

Where,z is the shift of the second variable.
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A distributed lags time-series analysis is usedescribe the relationship between broadband
lines and demographic variables. This is deemedspecialized technique for examining the
relationships between variables that involve sorakayd (Koyck, 1954). To this modeling
approach, we consider demographic factors as imdigme variables that affect the
dependent variable of broadband lines with some Tdge simplest way to describe the
relationship between the two would be in a simpiedr relationship:

Mr--z."ﬂ*xrs

In this equation, the value of broadband lines Ne (dependent variable) at time t is
expressed as a linear function of x (specific sa@mographic characteristic) measured at
timest, t-1,t-2, etc. Thus, broadband linagable is a linear function of a specific socio-
demographic characteristic which is lagged by let2, time periods. The beta weighfig (
can be considered slope parameters in this equdttibre weights for the delayed (or lagged)
time periods are statistically significant, we @nclude that the y variable is predicted (or
explained) with the respective lag (Mc Quarrie Alend Chih-Ling, 1998 and Boslaugh and
Watters, 2008).

Therefore, based on time-series data and onlystatistically significant correlation
coefficient calculations, a regression forecagbesformed in order to explore whether the
correlation will change in the future. To achieliest since demographic data is available for
different age groups, distributed lag regressiamdast is applied in order to examine the
time-lagged correlations between the number of divaad lines and demographic
characteristics. Any change (if existent) is disred by comparing the values of the
correlation coefficient (R) and the b parametecwalted by regression forecast before and
after lag movement.
Applying socio-demographic data provided by the &ah Secretariat of the National
Statistical Service of Greece and data regardiegntimber of broadband lines from July
2006 to June 2009 provided by HTO and the Natidtegulator Authority, they examine
correlations that occur between broadband demaaidhanfollowing factors:

(1) Education Level and Age It yields that the level of education plays ampartant role to
the people’s decision to buy a broadband accessaknit explains covariations based on
regression analysis results.

Values of beta standardized coefficient b (R = Q9R2 = 0997) such as PhD, Masters
Degree, University Diploma, Technical EducationglidiSchool, Junior High School,
Elementary School, Abandoned elementary educatitm ieading and writing ability and
finally No elementary education without reading andting ability.

According to results, groups of people with low dkeweducation (Junior high school
graduates and lower) have bigger influence on livaad demand as high educated persons
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already or will definitely be users of new servieag/how, no matter their age. They use a
correlation matrix with the following variables:

e Total number of Broadband (BB) Lines

e PhD/age

e Masters Degree/age

¢ University Diploma/age

e Technical Education/age

e High School/age

e Junior High School/age

e Elementary School/age

e Abandoned elementary education with reading antingrability/age
¢ No elementary education without reading and writibgity/age

(2) Income. The population’s income in Greece is increasiugneat a slow rate, having a
positive effect on broadband demand judging byetkteemely high value of the correlation
coefficient.

The population’s income in Greece is increasingieatea slow rate, having a positive effect
on broadband demand; they use a correlation mdnixvariables total number of
broadband lines and population income. As expediggher income means more money
available for needs and likes other than the furetdadl ones with high speed broadband
lines being one of the most important contemporaogles of amusement as it is required
for a variety of entertainment services.

(3) Sex and Age With regard to the age of men and women
With regard to the age of men and women, they userr@lation matrix for variables total
number of broadband lines and Male per age, Fepealage.

(4)Marital status and Age. Regarding the marital status of different agaigso
Regarding the marital status of different age gspupey find that persons living alone,
without further obligations have a strong influenme broadband demand. They use a
correlation matrix with the below variables.

e Total number of Broadband (BB) Lines
e Single/age, Married/age

e Widow(er)/age

e Divorced/age

e Separated/age.
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Especially for the case of Attica they find that:

Due to the high population and respective denditthe territory of Attica, it was the first
region in which alternative operators meddled aedck constitutes the ideal case to be
examined in order to explore the impact of compmetibn the broadband market in terms of
differentiation of the demand for broadband linesvled by the incumbent (HTO) and the
alternative operators (LLU Lines). As highlighteg the next diagram, the increase in LLU
lines in this region during the last two years @ther impressive, changing the
telecommunication landscape and incurring imbalam¢ke companies’ market shares.

BB Lines in Attica Region (x1000)
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Exploring the correlation between demographic dttarestics and broadband lines
provided by the traditional HTO in comparison waither carriers, they find that broadband
lines provided by competitors are strongly relatdgth sex and age, respectively by the
correlation matrix for variables HTO Broadband #in&ex/Age in Attica region and the
correlation matrix for variables LLU Broadband kné&ex/Age in Attica region.
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Based oriYannelis, Christopoulos and Kalantzis [34.Jpaper “Estimating the demand for

ADSL and ISDN services in Greece” whetlgere has been an investigation for the
demand for broadband services in Greece, and tryestimate the price elasticity of the
demand for ADSL and ISDN services as well the crpsie elasticity between ADSL and
ISDN services

In this postgraduate thesis we try to investigheedemand for ADSL services in Greece
theoretically analyzing the demand for broadbangises in the Hellenic market with the
use of econometrical methods from related studies.

It is important to mention though, that the slate of growth of broadband usage can be
either “supply constrained”, which refers mainly the less-developed countries that are
lagging behind in infrastructure development, alefhand constrained” in the case of the
developed countries where the majority of the pajah may have access to fast Internet
services.

In Greece there is a “demand constraint” as tRep@netration rate is much below the EU
average and modems as well as other Internet-telatgiipment are quite expensive
(Demoussis &Giannakopoulos, 200%.

Demoussis and Giannakopoulof32.] in 2005found that the probability of ownership
of home computer is influenced by observed househaharacteristics (e.g., age,
education, family composition, income and familigyi with technologically advanced
durables), while genuine state dependence and ueobsd heterogeneity constitute major
sources of observed serial persistence.

The decision to buy a home computer is assumedollowf a dichotomous choice
specification, for household i in year t, whichdescribed by an unobserved continuous
latent variableyit*. This variable describes the underlying process lbadls a certain
household to buy a home computer, which is in essanproblem of utility maximization
under specific income realizations. A probit speation is adopted, according to which the
home-computer buying decision is modeled as a dunarigbley;;, that variable takes the

value of 1 ify; > 0, implying that householidowns a home computer, and 0 otherwise.

Under the assumption that the unobserved charsiits®;, which affect home computer
ownership, are normally distributed, the probit middkes the form:

Pr(y, = 1) = @(x;:b),

Where,

Xit is a set of observed socio-demographic and ecanbisehold characteristics, b are
parameter coefficients ani) is the corresponding cumulative normal distridtfunction
for the so-called ‘pooled’ probit. This empiricgexification provides a useful descriptive
model for the discrete choice under investigatigiven the exogenous nature of the
covariates used for estimation purposes.
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Yet, the simple ‘pooled’ probit model does not tak® consideration the panel nature of
the data. With repeated observations for every étoalsl however, the issue of unobserved
time-invariant heterogeneity arises. This issutypgcally handled by introducing a random
(unobserved) effect term io the error structure, i.es; = ¢ + Ui The term cis assumed to
capture differences among households (i.e., tast@sfomputer ownership, caused by
unobserved factors. Therefore, the random effectisipmodel takes the form:

Pr(y, = l|xy. ¢;) = @(x:b + c;),
Where,

¢ is the unobserved time-invariant household eff€bey assume exogeneity betweén c
and X%, which implies that conventional maximum likeliltbestimation (MLE) methods
can be used for the consistent estimation of b &dd Further, the variance of the
‘idiosyncratic’ error term (k) is assumed to be unitary and, thus, the modelsnce due
to unobserved heterogeneity is given py o2/(c> + 1). The presence of unobserved
heterogeneity requires rejection of the null hypesth thap = 0, Wooldridge, 2002.

Persistence refers to the relationship betweerptbbability of owning a home computer
in year t to past realizations of computer ownegrshe., t -1. The presence of persistence is

typically tested by introducing i Priy, = lixu, ;) = @b + c3), 1 state dependent

variable, i.e., lagged values of the dependentibéei Assuming that observations start at t
= 0, the dynamic unobserved effects model for .= 1T becomes:
Pr(y, = llxi,ci) = @xub + 1y +6i)s

i

Where,

G is again assumed to be exogenous to the contengmra covariates of the model. The
existence of state dependence requires the rajeatithe null hypothesis thay = 0, while
simultaneously controlling for unobserved heteragigmc.

The preceding approach however encompasses thi&al twnditions_ problem, which
refers to the treatment of home computer ownerahip= 0, i.e., . Several econometric
procedures have been proposed for incorporatingirii@l conditions in a dynamic
response approach, (Heckman, 1981; Erdem and 80a; ¥Vooldridge, 2005). In general,
the joint distribution of y is assumed to be conditional on all outcomeshén gresent
application we adopt Wooldridge’s suggestion (20@8j include y as an additional
regressor in the last equation. This implies thlab@comes y,. . .,yr are conditional on
the initial value ). Therefore, the random effects probit model, witite dependence and
control for the initial valuey, becomes:
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G is assumed to be exogenous tgyix,Yio. Estimation of the previous equation can be
carried out by MLE methods, while rejection of tihdl hypothesig = 0 provides evidence
in support of the existence of ‘genuine’ state delemce, given unobserved heterogeneity.

Economists have repeatedly tried to explain eocoadehavior by estimating demand
functions in an effort to test empirically theocati frameworks. Existing empirical work on
demand functions for telecommunications has prodiuttéerent functional forms in order
to avoid specification problems. In most of thegedies the aim has been to measure the
impact of prices B...,R, and income M on the demand for telecommunicat&ersices
(Y;) by estimating income, own and cross-price el

Yi=Y(Py,...,Py, M).

Yannelis, Christopoulos and Kalantzis empiricalalgsis is based on an ad-hoc
specification of the demand equation, with no refiee to the utility maximization problem
of the representative consumer. More specificallpegins by assuming that the prices of
ISDN and ADSL are the only factors affecting thended function for ADSL and ISDN
services. Thus, a single-equation model for eachiceeis used, expressed in a structural
form that allows for time-varying price elasticgie

This form is represented by the following equation
In YE'I :554-,'-:{-:!-"]“ +.Hsz2z +'”fi i=1.2
Where,

Y1t and Y; denote the number of subscribers for ADSL and ISfelNices, respectively,
P1t is the price for ADSL, #is the price for ISDN andl is the constant term.

In this framework, the own and cross-price elasgisiof the demand for ADSL and ISDN
services are determined by the magnitude of thenpatersfii, P22 and Biz, P2,
respectively. All variables are in levels, except the dependent variables, which are in
logs. The y variables represent the random error that incladlesther factors that affect
the behavior of the dependent variable. The eeontis assumed to satisfy all standard
regression assumptions.

This approach needs careful attention to the stiich@roperties of the series because
potential trends in time series data have impoitaptications for the choice of appropriate
estimators. Assuming that the data are charactebyestochastic trends, as it accrues from
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other studies, then the use of standard statistscdiniques of parameters restrictions by
OLS are not reliable. Several procedures have dpedl in order to overcome such
problems when estimating demand functions. The masimonly used is the Cointegration
method, which tests whether or not two or moreesedrift apart without bound over time
Assuming that the set of ADSL and ISDN subscrilzerd their prices is cointegrated, the
Johansen method is applied through the followiteps Firstly, it is found that the
variables are indeed integrated to the same ondeértizerefore, Dickey—Fuller (DF) and
augmented Dickey—Fuller (ADF) tests are appliedtiiis purpose. If the evidence suggests
that for each series of the data set are integitatéde same order and their residual sare
white noise, the second step follows where thetegmating relationship is implemented
and estimated.

Every equation of the system represents a coirtiegreelationship and can be written as a
Vector Error Correction (VEC) model. A VEC modelagestricted Vector Autoregression
(VAR) model designed for use with non-stationamjesethat are known to be cointegrated.
The VEC has cointegration relations built into speation so that it restricts the long-run
behavior of the endogenous variables to converdketio cointegrating relationships while
allowing for short-run adjustment dynamics. Thentegration term is known as the
correction term since the deviation from long-raguiébrium is corrected gradually through
a series of partial short-run adjustments.

The VEC has the following form:

AIn Yy =0p+ Yt + Pitlie 1 + Y _ APy j+€, i=1,2
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In the model investigated in this postgraduateishes have that:

DEMAND apst. = f(P, Speed, S, GDP, Unemployment)

Where,

e P: Price, the monthly subscription charge per speed @or home Internet Service
e Speed:Describes the time it takes to send/receive in&tion to and from the home
Computer.
e S: The number of subscribers for ADSL services caiegd by speed
e GDP: Gross Domestic Product, the measure for househotne and
e Unemployment: as defined by the International Labor Organizatmegurs when
people are without jobs and they have actively éabfor work. The unemployment
rate is a measure of the prevalence of unemployraadtit is calculated as a
percentage by dividing the number of unemployedviddals by all individuals
currently in the labor force.
All the above parameters can be gathered quarieny HTO [6.], and from thédellenic
Statistical Authority (EL.STAT) [35.].

We are going to use Panel Data to estimate theade for ADSL services. A panel is a
cross-section or group of people who are surveyaibgically over a given time span.
Panel data analysis is a method of studying a quéati subject within multiple sites,
periodically observed over a defined time frariéith repeated observations of enough
cross-sections, panel analysis permits to studydgheamics of change with short time
series. The combination of time series with cresgisns can enhance the quality and
guantity of data in ways that would be impossildeng only one of these two dimensions.
Panel analysis can provide a rich and powerfulystfca set of people, if one is willing to
consider both the space and time dimension of &ite. d

Panel data analysis endows regression analydis oth a spatial and temporal
dimension. The spatial dimension pertains to @fketoss-sectional units of observation.
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An approach on how broadband penetration affectmomic growth have been done by
Pantelis Koutroumpis [31.]. A macroeconomic production function with a micro-rdel
for broadband investment is used to estimate th@att of broadband infrastructure and
growth. There has been made an attempt to measure theomemo impact of the
telecommunications infrastructure on growth andevgpecifically the effects of broadband
infrastructure. The growing numbers of internet ssuibers worldwide make this study
particularly important. This issue has also recgiwensiderable regulatory and public
policy attention especially in the developed costr There are used evidence from 22
OECD countries over 6 years to estimate the impglstoadband infrastructure.

Koutroumpis estimate the effect of broadband astfucture on growth using a
simultaneous equations model. This model endogenizemadband Investment by
incorporating broadband supply, demand and outquateons. The system is then jointly
estimated with a macroproduction function henceaoting for the simultaneity effects.

This work adds to this emerging field by incaggtong a simultaneous approach
methodology that endogenises supply, demand anguownd provides measurable
estimates for impact of the broadband network esiéres for the OECD countries.

The results suggest that there are increasingnseto broadband telecommunications
investments, which are consistent with the penstgeof network effects. What has been
seen is that there is evidence of a critical mdsnpmenon in broadband infrastructure
investments.

As mentioned the approach used here is a stalceoconometric model within a
production function framework that endogenizes c@hemunications investment. The
reason for using this type of model is the follogviThe effect he is trying to capture is a
two-way relationship between growth and broadbanfichi structure. While we do expect
wealthier people to have higher demand for goodksanvices he wants to estimate how
much the country’s growth might be affected by these of the broadband networks. In
order to illustrate this causal link between theo twariables he uses this model that
explicitly disentangles the values in a simultareeequations model. Therefore a micro-
model of supply and demand is specified and joietlimated with the macroproduction
equation. This way while endogenizing for the i@t we can control for the causal
effects of this two-way relationship

The national aggregate economic output (GDRised in the production function and is
related to labor and capital in each country. Imtipalar the stock of capital net of
telecommunications capital (K), the stock of humeapital (HK) and the stock of
broadband infrastructure (BROADBAND). The stockbobadband infrastructure is needed
rather than the broadband investment because cemsumemand infrastructure and not
investment.
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The model used here is based on the Roeller andWiavne(2001) simultaneous equations
model. The aggregate production function is a®ves!

GDP;, = f(K;,, HK,,, BROADBAND,)

GDPj:: GDP in millions USD (%)

Kit : Non- residential stock of telecommunications inrent in millions USD ($)
BROADBAND;; : Broadband price ($, constant)

The subscripts i and t correspond to country ame tralues, respectively.

There is a wide literature about the strong refeiop between stock of capital and labor
force in a country with the GDP.

The variable for capital used here is split betweghecommunications capital
BROADBAND; and all other capital K The telecommunications capital for the 22 OECD
countries is measured by their broadband infragtracand not by their fixed telephony
infrastructure. The reason for that is that the ntbgu sample has higher than 100%
penetration in fixed telephony thus indicating hgmoeity in this kind of infrastructure.
Building broadband infrastructure requires bothesscand back bone net work investments
on top of the legacy infrastructure. Broadband patien in each country is used as a proxy
for the level of upgrade of the older networks.

In order to differentiate between the effect of BRUBAND on GDP and the inverse we
specify the following micro- model.

Demand for broadband infrastructure

BROADBAND;; = h(GDPC;, BBPry, EDU;, URB;;, RNDy)

GDPCit: GDPC in USD ($)

BBPr;: Priceof 1Mbyte per second of flat rate internet conret{ino data or time caps)

EDU;: Percentage of GDP spent for education (%)

URB;: Percent of population living in areas with densitiggher than 500 inhabitants per
square kilometer

RND;:: Percent of GDP spent on public or private reseanthdevelopment

The subscripts i and t correspond to country ame tralues, respectively.

The demand equation states that broadband pepatiata function of GDP per capita, the
price of a standard service for the connectiorheretwork, the percent of GDP spent on
education, the percentage of the population thaslin densely populated areas and the
percent of GDP spent on public or private researchdevelopment.
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Supply of broadband infrastructure

BBI;, = g(BBPr, InterPlatform;,, Regulation;,)

BBI: Stock of telecommunications investment in millidSD ($)

BBPri:: Priceof 1Mbyte per second of flat rate internet conrat(no data or time caps)

InterPlatform j;: InterPlatform index equal to the sum of squarfdsroadband connections
per platform (Cable,ID&ETTH) divided by the square of the total
number of broadbandremtions

Regulaton;: Percent of DSL lines over local loop unbundlietatively to total broadband

The subscripts i and t correspond to country ame tralues, respectively.

The supply equation links the aggregate broadbawestiment in a country to broadband
price levels for that period, the level of inteaffbrm competition in the broadband market
and the mandate of local loop unbundling on theunmgent’'s network as a measure of
regulatory control. All these parameters affeceptial and existing operators as well as the
dynamic of the supply side of the market.

Finally the Inter-platform variable was construcfesm ITU data as well as the regulation
variable. These variables are computed with tHeviahg equations:

InterPlatform; = N —— ™
I i =2 | ~Tota BB

= f’]'—'latﬁ::r‘mm)3
Full LLLI + Shared LLU

Regulation, = - TBB Cormections)

The platforms taken into account are DSL, CableeFand othe rbroadband. There fore the
range of this metric is 0.25 < InterPlatfgronl.
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Broadband infrastructure production function

BROADBAND,; — BROADBAND;, ; = k(BBI;)

The infrastructure equation states that the anchahge in broadband penetration is a
function of the capital invested in a country dgrihyear.

Varizbles used in the model and descriptions.

GDPy GDF in millions USD ()

GDPC;, GDPC in U=D ()

Kir MNon-residential stock of telecommunications investment in millions USD (3)

PEMN;; Level of broadband penetration (n 100 inhabitants

BBPr, Price of | Mbyte per second of flat rate internet connectdon (no data or fime caps)
LIRE;. Percent of population living in areas with densities higher than 500 inhabitants per

square kilometer

EDU,; Percentage of GDP spent for education (%)

RDy: Level of public and private investment in research and development as percentage of
GDP(%)

BBl Stock of telecommunications investment in millions USD (§)

IF: Populatinn with full or part time work aged 15-04 in thousands

Interplat, Herfindahl index equal to the sum of squares of broadband connections per platform
{Cable, OSL, FTTH) divided by the sguare of the totz]l number of broadband connections
Regyr Percent of DSL lines over local loop unbundling relatively to total broadband

and,

Variable

GDP ($ millions, constant 2000)

GDPC (§, constant 2000)

Labor (thousands population)

Non ICT stock of capital ($ millions, constant 2000)
Broadband penetration (%)

Education (%)

Broadband price (3§, constant 20010

Research and development (%)

Urbanization (%)

Broadband investment (% millions, constant 2000)
Inter-platform index (HHI)

Regulation (%)
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The dataset used for this study uses annual data 22 OECD countries for the 6-year-
period between 2002 and 2007. The countries usedisted below.
OECD countries used in the dataset:

Australia Luxembourg
Austria Japan
Belgium Netherlands
Canada New Zealand
Denmark Norway
France Portugal
Germany Spain
Greece Sweden
Hungary Switcherland
Ireland United Kingdom
Italy United States

While the time period for the sample of this stiglpnly 6 years it does manage to capture
a very important part of the growth of broadbantivaeks in the OECD sample.

The data used have been collected by various soutepending on their nature and
availability. World Bank online resources were usedbtain information related to GDP,
GDPC, labor force — population with full or paring work aged 15-64, education and
research and development funding as percentag®Bf G

The Groeningen Growth Accounting Database was tseabtain information about the
nonresidential capital stock net of telecommun@ma®i investment and the total
telecommunications investment. A combination of addtom OECD statistics and
International Telecommunications Unions statist#es used to construct the variable of the
broadband price which utilized a level of constspéed at flat rate contract to obtain an
unbiased benchmark of the price levels.

GDP (Labor force, Non ICT stock of capital, BB penatya)
Penetration (GDPC, BB price, Education, R&D, Urbanization)
BB investment(BB price, Inter-platform, Regulation)
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Rosston, Savage and Waldman 201f26.] give a survey to helpgetermine consumer
valuations of different aspects of broadband Intextnservice.

The random utility model is used to estimate miaua utilities and calculate Willingness
to pay. Their empirical results show that relialifi and speed are important
characteristics of Internet serviceA linear approximation to the household conditiona
utility function is:

U" = ,COST + B,SPEED +B;RELIABILTY + BsMOBILE LAPTOP +
+BsMOVIE RENTAL + BgPRIORITY + B, TELEHEALTH + PBgVIDEOPHONE + ¢

Where:

e price per month for Internet service (COST)

¢ reliability of the connection to the Internet (RRBILITY)

e time it takes to download and upload informatioREED)

e connect a laptop to the Internet wirelessly whilgag from home (MOBILE
LAPTOP)

e download high-definition movies and TV shows (MOVRENTAL)

e designate some downloads as high-priority so thayet through the Internet at
relatively faster speed (PRIORITY)

¢ interact with health specialists online (TELEHEALJTH

e place free phone calls over the Internet and see ghrson being called
(VIDEOPHONE)

e U’ is utility, B1 is the marginal disutility of COSB, andps are the marginal utilities
for the Internet service features SPEED and RELIABY, B4 throughpPs are the
marginal utilities for the Internet service actieg MOBILE LAPTOP, MOVIE
RENTAL, PRIORITY, TELEHEALTH and VIDEOPHONE, and is a random
disturbance.

The marginal utilities have the usual partiaiivigive interpretation - the change in utility
from a one-unit increase in the level of the feator activity.SPEED andRELIABILITY are
standard features of all current Internet servithey cannot be unbundled. Given that
“more is better”,a priori expectation for these two featuresBis 83> 0. For example, an
estimate ofB2 = 0.2 indicates that a one unit improvementSPEED, measured by a
discrete improvement from “Slow = 1” to “Fast = dfcreases utility by 0.2 for the
representative householdOST is also a standard service feature, however, ahigbst of
service provides less satisfaction&o< 0. In contrast to the featur€OST, SPEED and
RELIABILITY, the activities MOBILE LAPTOP, MOVIE RENTAL, PRIORITY,
TELEHEALTH andVIDEOPHONE are not widely available in Internet services andan
be unbundled.
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The signs and magnitudes of the marginal utiliies these hypothetical featureg4
through/8, within a bundled Internet service are an emplimggeestion. Since the estimates
of marginal utility (such as an increase in utilgly0.2 as described above) do not have a
readily understandable metric, it is convenienttoavert these changes into dollar terms.
This is done by employing the economic construatitiingness-to-pay.

For example, the WTP for a one unit increas€RRED (i.e,, the discrete improvement
from “Slow” to “Fast”) is defined as how much mdtes Internet service would have to be
priced to make the consumer just indifferent betwies old (cheaper but slower) service
and the new (more expensive but faster) service:

BiCOST +B2SPEED +BsRELIABILITY + BsMOBILE LAPTOP
+ B sMOVIE RENTAL + BsPRIORITY +B7TELEHEALTH + B sVIDEOHONE

Bi(COST + WTP) 4B 2(SPEED + 1) +BsRELIABILITY + BsMOBILE LAPTOP
+ B sMOVIE RENTAL + BsPRIORITY +B7TELEHEALTH + B sVIDEOHONE

Solving algebraically for WTP in equation 2 givee required change in cost to offset an
increase ofzin utility: WTP(Speed) =B2/p1.

Households may not have identical preferencesfeRmces towards speed, for example,
may differ because of observable demographic chenistics, or may be idiosyncratic. It is
possible to estimate differences in the margindityutof specific service features to
different households by interacting those featwitls demographic variables. For instance,
suppose households in urban and rural locationgevgppeed differently. A specification of
utility that captures this difference is:

U" = BiCOST + B2+ nRURAL)xP 2SPEED +BsRELIABILITY + BsMOBILE LAPTOP
+B sMOVIE RENTAL + BsPRIORITY +B7TELEHEALTH + B sVIDEOHONE + ¢

Where,

n is an additional parameter to be estimated, RIWBAL is a dummy variable that is equal
to one when the respondent is in a rural locatmm, zero otherwise. When location is not
important ¢ = 0), the WTP for a one-unit improvement in conimcttspeed isf 2/B1.
When location is important(# 0), the WTP for a one-unit improvement in conrmtti
speed in a rural location is:

WTP (Speed) = -(B2 +n)/ p.

The last equation provides a concrete illustrabbrhow WTP estimates will inform the
design of government programs to promote broaddatetnet service in under-served
areas.
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For example, policy makers can use this equatia@otopare rural valuations for broadband
to the cost of service provision, and then makeocaenaccurate judgment of the potential
subsidy required or, not required, for individuabddband adoption and/or infrastructure
deployment in rural areas.

Internet Service Characteristics

Characteristic

Levels

CosT

The amount the household pays per month for hoteenet service

SPEED

Slow: Similar to dial up. Downloads from the Intetrand uploads to th
Internet are slow. It is good for emailing and tigreb surfing.

Fast: Much faster downloads and uploads. It is tgi@amusic, photg
sharing and watching some videos.

Very fast: Blazing fast downloads and uploads.sltreally great for
gaming, watching high-definition movies, and inshatransferring large
files.

RELIABILITY

Very reliable Internet service is rarely disruptedservice outages, th

is, your service may go down once or twice a yesr th severe weather.

With less reliable Internet service you will exgece more outage
perhaps once or twice a month for no particulasaaa

Ul =

MOBILE
LAPTOP

Yes, | can use my Internet service to connect rpyofato the Interne
wirelessly while away from my home.
No, | cannot use my Internet service to connectiapyop to the Interne
wirelessly while away from my home.

—

—t

MOVIE
RENTAL

Yes, | can use my Internet service to downloadaatth highdefinition
movies and TV shows.

No, | cannot use my Internet service to downloggh+definition movies
and TV shows.

PRIORITY

Yes, | can use my Internet service to designateesoinmy downloads a
high priority.

No, | cannot use my Internet service to designateesof my download
as high priority.

U7

TELEHEALTH

Yes, | can interact with my health care specialtst®ugh my Interne
service.

No, | cannot interact with my health care spedgltarough my Interne
service.

—F

—t

VIDEOPHONE

Yes, | can place free calls through my Interneviserand see the pers
I am calling.

No, | cannot place calls through my Internet sexvic
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They also use:
e Demographic Distributions
e Probit Estimates of Inexperienced users
e Statistics for Internet Service features and H@mgne
e Frequency of Internet Activity
e Baseline Estimates of utility:
» by existing Internet Connection Speed
» by downloading digital video
» by smart phone ownership
= web cam ownership
* by Age
* by Education
* Dby Income
= by Race
» by Location
* Dby speed of Internet connection

All above data are gathered from Survey Questions.

Savage, Waldman 200524.] investigate household awareness of high-speed Internet
access profile Internet access and use, and gaisight into how important always-on,
price, speed, installation, and reliability attrilbes are in their choice of service.

Willingness to pay estimates indicates reliapilbof service, speed and always on
connectivity are important Internet access attebutVillingness-to-pay estimates indicate
reliability of service, speed, and always-on coningg, are important Internet access
attributes.

They investigate two common ways to obtain breadbinternet access are with a cable
modem provided by a cable company, or a digitalssuber line (DSL) provided by a
telephone company and signing up for a service ptaan additional price over traditional
cable TV and telephone services from these prosid@sL uses copper telephone wires with
a computer digital network to provide high-speeinet access without the need for a fiber
optic transport line from the residence or placéudiness. Cable uses the traditional coaxial
cable for transport to and from the residence.

In some geographical areas, broadband is alstabMathrough fixed wireless and satellite
providers. With wireless, line-of-sight transmissitowers connected to the Internet send and
receive information to and from the personal corapyPC) and the Internet backbone.
Satellite Internet is similar to satellite TV. Usesend and receive information to the
backbone via their dish and a receiver in space.
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The price of residential Internet service imgds the access price and switching costs
incurred when choosing a new access plan over iagtirexone. The price of Internet access
has two components.

The first component is the price of transport frtime home PC to the Internet backbone
which is typically paid to traditional telephonedacable companies.

The second price component is the monthly subsanigharge to Internet service providers
(ISPs) who provide “user-friendly” portals to theide array of activities, information, and
services available on the World Wide Web.

Switching costs derive from contractual committsennstallation costs (including the
implicit costs from concern about technical diffiyu of installation), training costs
(including implicit costs from concern about thecheical difficulty of learning and
maintaining the service), search costs, and psggit! costs (for instance, consumers may
not trust their local-exchange carrier (LEC) or nteyuncertain about the financial viability
of new DSL market entrants). Changing from one & Bnother also requires subscribers to
change their e-mail address. Here, switching dostade a charge for having future e-mails
re-directed, the costs of informing all correspartdeof your new address and potentially the
cost of lost business. Switching costs may be atitig to some extent for dial-up users by
the reduction in ISP prices and the removal ofuiieeeded second line.

Speed describes the time it takes to send argiveeinformation to and from the home
computer and/or device. Different providers of gm¥vcan supply different amounts of
bandwidth and speed.

Broadband connection, provided by DSL, cable madexed wireless and satellite, offers
transmission rates up to 20-50 times faster thgaditional dial-up connection and better
access to bandwidth-intensive content. Broadbafiditiens vary widely but generally refer
to “significantly faster data rates than narrowbanwith always-on and two-way
functionality.

Since broadband Internet access is always onadodis simultaneous transmission of
Internet and voice traffic, the always-on attribii@s also become synonymous with the
convenience of using the Internet and making tedlaphcalls at the same time. Integrated
delivery of data, video, and voice services elirtesabusy signals and dropped connections
during Internet sessions and the need for an &tephone line dedicated to Internet access.
Some Internet access plans are very reliable. Wsersount on the service being available
whenever they want to use it and any problems dibasrise are immediately handled by
good customer service.

Ease of installation reflects the time, cost, aodnplexity of ordering and installing a
broadband connection. While DSL installation hastdrically been associated with
configuration problems, trouble-shooting, and répeavisits by technicians, both cable and
DSL providers appear to have streamlined this @®aemore recent times.
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Many cable and DSL providers will provide free taiation but this does not free the
residential consumer from the inconvenience costenesite visits. A trend toward self-
installation kits and “plug-and-play” modems remis company and consumer monetary and
time costs by reducing the number of call-outs.

Respondents are assumed to behave in a mannéstenhsvith the maximization of utility

(U):

U* = B1ALWAYS-ON + B,SPEED +B3PRICE + B4NSTALLATION +
+BsRELIABLE + ¢

Where:

Always on no dial-up is required for Internet connectionl a@spondents can
Simultaneously place telephone calls
Price: is the fixed monthly cost for unlimited usage
Speed describes the time it takes to receive and seiednmation to and from the
home computer Speed is either veryftasiploads and downloads (very fast), or fast
for downloads but relatively slower fguloads (fast), or the same as dial-up (slow).
Installation: of Internet access service can be immediate, nvidhe week and within several
Weeks
Reliable Very reliable Internet access is never disrupted, there are no service outages),
however, with less reliable Internet access, useng occasionally experience
outages that require customer suppo

And thef’s are parameters to be estimated and e is a radétarbance. Note that attributes
have been coded for estimation so that the expeiged forp; throughps are negative. For
instance, utility is expected to be less when pmoeeases sf3:<0. The hypothetical utility
of each service option, U*, is not revealed. Indteahat is known is which option has the
highest utility.
Individuals may not have identical preferences. iAdividual’'s preference for speed, for
example, may differ because of observable demographaracteristics. This can be
examined by estimating the previous equation onssubples of the data which have the
effect of allowing all parameters to be different fndividuals in different socioeconomic
groups. It is also possible to observe differenoethe marginal utility of specific service
attributes by interacting those with demographics.
A model that captures this difference is:

U™ = B;ALWAYS-ON + (B2+ NEDUC)SPEED +sPRICE + B4JINSTALLATION +

+BsRELIABLE + ¢

Where,

n is an additional parameter to be estimated @dd& is education. Here, the WTP for a
one unit improvement in speed ispr € NEDUC)/f3,
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Also, in Glass, Stefanova[27.] there are investigated tHactors that will encourage
broadband adoption in rural areas

They find that low density, high cost marketsrdase the ability of the telecommunication
service providers to offer DSL, but other factolsogplay a role. Demand for broadband has
become more inelastic over time, marginal increasepeed alone have lost their appeal to
customers, and the inclusion of video in a broadh@ackage improves broadband take rates
and willingness to pay. Small income elasticitiemforce their finding that broadband has
become a necessity. Their analysis shows that midesidies may not be effective in
providing a large boost in demand, but policieg tbhaer the cost of providing video may
stimulate broadband adoption indirectly if the sgei lead to more affordable bundled
communications multimedia packages that users want.
Glass and Stefanova model the rural companiessibecto offer broadband service and the
customers’ decision to buy the service.

Summary statistics for variables used in estimation

Variables:

e 2005
DSL provision (binary)
Mean distance (miles)
Number of exchanges
Percent without telephone
Presence of competitor (binary)
Lines per exchange
DSL lines
Price (in $)
Speed (Kbps)
Income per household (in $)
Local residential rates (in $)
Households within 18,000 feet of wire center
Video (binary)

YVVVYYVYYVYYVYVYVYVYVYYVYY

e 2009

» DSL provision (binary)

» Mean distance (miles)

» Number of exchanges

» Percent without telephone

» Presence of competitor (binary)
» Lines per exchange
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DSL lines

Price (in $)

Speed (Kbps)

Income per household (in $)

Local residential rates (in $)

Households within 18,000 feet of wire center
Video (binary)

YV VYVVYVVYYVY

Offer equation

A profit maximizing company will offer DSL senas if the present value of the future
revenue flow is greater than the present valueitofré cost flow, that is, the DSL service has
a positive net present value. The natural frameworknodel such decisions is that of a
probit. The net present value of DSL service)(¥ a latent variable, which we do not
observe, but its value determines a binary offeilabde (Y) which takes the value of O if¥
0 and value of 1 if ¥> 0. Y* is a function of market size, presence of competiand cost
shifters which we observe. Empirical model is gibsn

Y, = a;+ a,Dist, + a:No EXx + ayLines Per Ex + asNotel Pct + u

and
Y;=1any >0,
Y;=0anY <0

Where:

Dist: is the mean distance of customers from a wire cafiteompany,
No_Ex: is the number of exchanges in a rural telephoneanyi,
Lines Per Ex: is the number of lines per exchange,

Notel Pct: is the percent of people without a telephone and

u: is a random error term.

They assume a normal distribution foand analyze the company’s decision to offer DSL
services using a probit model. The number of exgbanlines per exchange, and telephone
penetration rate serve as proxies for market sty expect positive effects of these
variables on the decision to provide DSL. They adspect a negative impact of mean
distance from customers to the wire center on twvigion of DSL as this variable is
intended to capture cost of deployment.
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Take rate equation

For the companies offering DSL they model the nunabdines the customers buy.

Demand for DSL will depend on price for the seryipeice of traditional voice service,
customer preferences toward the broadband sergicgpposed to dial-up, and household
income levels. Network restrictions may also aftbettake rates of DSL with some lines not
even eligible for the service. Separating the dedoewhich relative availability in rural
areas, versus pricing, speed, quality, and oth&ranants shape end user demand, is the
reason why we include the number of householdsinvitB,000 feet of a wire center in our
demand equation.

DSL; = po + p.Price; + B,Speed + psHHincome; +
#3,LocalRate +psVideo; + B HH_18kft; + v,

Where:

DSL,; : denotes number of DSL lines in a study area

Price: is the DSL retail price,

Speed is the DSL advertised download speed,

HHincome: is the measure for household income,

LocalRate: is the residential rate for telephone service,

Videq : is a dummy variable for the availability of videervices,
HH_1& ft; :represents the number of households within 18{@8&0and
v; . is a well-behaved error term.

The demand equation will reflect the demand in dhbse study areas that have DSL access
available, which may not be a random sample of @mgs. If the decision to offer DSL is
correlated with the decision of how many lines fterp an OLS estimate of the take rate
equation will be biased and cannot be extrapolabethe population at large (i.e. sample
selection bias). The distribution of the error teraf the offer and the take rate equations is
assumed to be bivariate normal with correlationThe two equations are relatedpifnot
equals zero.

Another important issue with the estimation oé tmodel and the interpretation of the
results is the potential endogeneity of the priagable. Prices of DSL are determined by the
interaction between supply and demand and are enllgrendogenous in the take rate
equation, thus, leading to simultaneous equatias bnd inconsistent estimates of the price
elasticity. If the price variable is endogenous, @sults may be understating the significance
and magnitude of the price effect on take rates.

Larger number of exchanges and lines per exchargease the likelihood that DSL service
will yield a positive return to the company oves life span. Percent of customers without
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telephone service, number of exchanges per stuelg and lines per exchange achieve
statistical significance in the 2005 model. Meastatice to the customers and presence of
competitors in the study area are insignificantffedent from zero.

The coefficientsp and 4 in the 2005 sample selection model demonstrateatistitally
insignificant correlation between the decision t@vide DSL and the number of lines
provided. Lack of market potential and long disemto the intercity backbone network were
the reasons for many rural companies not to ofiigih-speed Internet services in 2005 (see
Glass 2006). Furthermore, for some companies thesstbn may have been driven by the
lack of trained professionals and knowledge of tiedatively new technology. The
combination of market size and technological fextmay be sending mixed signals leading
to the insignificance of the correlation betweea tiffer and take rate decisions in 2005. Four
years later, in 2009, advancements in technologye haade it cheaper to provide the
broadband service to more dispersed geographieasaand more companies have become
comfortable with the technology and started offgrihe service. As a result only a smaller
percent of rural companies did not offer DSL in 2@Ban in 2005. Companies that still do
not provide DSL in 2009 do so primarily because shmeall market potential in the sparsely
populated rural areas makes it economically uraitve
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Results of the estimations

2005 Model 2009 Model
Take rate equation Coefficients Elasticities  Coefficients Elasticities
Intercept —808.914 (-1.59) - —1009.733 (—1.76) ==
DSL price -13.74 (-19) -0.66* —7.277 (—2.28) —0.2120
DSL speed 0.395 (1.88) 0.252 —0.047 (—0.96) —0.044
Household income (in $1,000) 21.353 (1.39) 0.63 15.13 (1.90) 0.605%
Local residential rate 58.11 (1.39) | 1 ] —7.11 (—=0.540) —0.067
Households within 19.793 (3.58) 0.800 75.927 (15.04) 1.088P
18,000 feet (in 100
per square mile)
Video 1254.054 (3.07) 1.63b 722.385 (5.32) 0.426b

2005 Model 2009 Model

Selection equation Coefficients Marginal effects Coefficients Elasticities
Intercept 0.854(5.66) —
Mean distance (miles) —0.022(—1.42) —0.022
Percent without telephone —0.052(—-5.45) —0.053P
Number of exchanges 0.041(8.55) 0.0410
Lines per exchange 0.231(4.75) 0.231P
(in 100 per exchange)
Competitor present —0.003(-0.04) —0.003

—0.347(—1.64)
A —507.298(—1.54)
Number of observations 672 362
Censored observations 96
Log likelihood —5324.86
Adj R? 0.79

Notes: 1. T-statistics in parenthesis; 2. The exception to the elasticity calculation is the video variable as it
is a binary variable. Elasticities are calculated as the average elasticities in the sample; 3. Standard errors
are adjusted for heteroskedasticity

ndicates significance of the corresponding coefficient above the 5% confidence level

PIndicates significance of the corresponding coefficient above the 10% confidence level

Price andIncome have the expected signs. Higher DSL prices demedshigher incomes
stimulate demand for DSL. The result f8peed has the expected positive sign and is
marginally significant in the 2005 model, but itriegative and statistically insignificant in
2009. Marginal increases 8peed no longer provide boost in demand for DSL.
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The local residential rate is large and positiv@95 and small and negative in 2009. It is
insignificant in both time periods. The positivéatenship between the local residential rate
and take rates in 2005 indicates that users camsid#ial-up and broadband as substitutes
and relative prices had an effect on the decisfatial-up users to subscribe to broadband. In
2009, the relationship is small and very insigrmfit
Companies offering video services have higher deinf@nDSL in both years. Customers are
attracted to the ability to use multimedia Interagplications. This effect is consistently
significant across both years and model specibaati Lack of technical limitations or large
market size, measured by the number of househoittsnwi8,000 feet of a wire center,
significantly increases DSL take rates.
The low price elasticity found in the 2009 studgicates that broadband access has become
more of a necessity than it used to be in 2005.I@Wweprice sensitivities of households who
already subscribe to broadband in our study areomtrast with results from household
surveys of users and non-users.
As for income elasticity, the estimates are posibut below unity, indicating that broadband
services constitute a normal good in economic sense

Panel data is a stack of cross sectional datthéosame companies observed over different
time periods. Since panel data allows us to foliogividual firm’s history over time, it is a
natural extension of cross section data and iwasllos to add another dimension to our
analysis. The methodology used for panel data hepse two important problems of cross
section data analysis—unobserved heterogeneityumniitied variable bias unless the omitted
variable is time varying. As the factors in theeséibn equation do not vary over time, we no
longer need the selection equation in the paneleinod

DSL;; = w + B,Price; + B.Speed + psHHincome;; + psLocalRate +psVideoy
+ Bs HH_18kft| +oitVv yuoot= 1,2.

LocalRate and HH_1&ft; are observable individual specific time invariantlependent
variablesPrice; , Speedi; , HHincomei; , andVideo;; are variables that vary over timg,is an
individual specific time invariant error terma,is a constant for each time period ands an
[ID error term.
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Taking the two period difference of the equatioe, get:

DSLi» — DSL;1 = (u2 — p1) + B1(Priceix — Pricei1) + B2(Speedin — Speed;y)
+p3(HHincomei» — HHincome;1) + Pa(Local Rate;
—LocalRateiy) + Bs(Videojr — Videojy) + (vio —vi1)  (5)

Or

ADSL; =+ BiAPrice; + paASpeed; + B3AHHincome;
+pasLocal Rate; + fsAVideo; + Av; (6)

The time invariant effects fall out of the eqoatand are no longer relevant in estimation.
Assuming that Rce, Speed, Income, Local Rate and Video are the only time variant
determinants of DSL demand, we estimate a fixedcesf model by taking the difference
scores of the variables.

Finally, in Yuji Akematsu [25.] article there has bean investigation to the migration
from ADSL to FFTH (Fiber To The Home). This papentuses on the ADSL market and
heuristically analyzes the factors promoting it ging data of its subscribers. The purpose
of their paper is to estimate the effect of deregibn as such on ADSL carriers, and
specify the factors promoting Japanese ADSL whichtlhe major technology of Japanese
broadband.

A model for panel data estimation is formulatedadi®ws:

InS; =fy+ 0, InF+ 5, InG, +Z ﬁfﬂfﬁ +it;
. J
Uy = A TV

Where,

St denotes the number of subscribers,

Pi the monthly subscription charge (per 1Mbps),

G; real GDP converted into monthly data by moving agermethod of 3 quarters, and

Di: dummyvariables attached to factors which take O befoeestvents started and 1 after
they started. lnase of the latter, the effects of the events ddasb forever, and they
take O if their effect ierminated.

An error term is assumed to consist of one-waydfieffect wherel; is a fixed effect and

Vi-iid(0, 6.9).
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Table 3: Factors (dummy variables) used for estimation
Time Dummy Events

Admission of line sharing and dry copper connection charges
NTT East and West started its services.

Jan. 2001 dz2 ACCA networks started its services.

Feb. 2001 d3 NTT East and West started making the ADSL modem terminal.
Revision and enforcement of Telecommunications Business Law
Enforcement Rule and connection fee rule

Dec. 2000 d1

Apr. 2001 d4

Jun. 2001 d5 Enactment of notification
Sep. 2001 dé Yahoo!BB started its services.

Inauguration of the Telecommunications Business Dispute

Nov. 2001 d7 Settlement Commission

Aug. 2002 ds Yahoo!BB started the two-month free trial campaign.

Oct. 2002 d9 Yahoo!BB formed a business tie-up with Edion and Joshin Denki.
Source: Author

Data for estimation is an unbalanced panel inctvhindicates the four carriers of ADSL,
and uses monthly data from the end of 2000 to rAi@B2 At that time MIC changed the
publication of data and monthly data was not phielisthereafter. The model is based on a
log-linear model, wher@l shows the elasticity of price. It should be ndteat the price data
in this equation is that of the highest-speed pdarsubscribers, which is normalized into per
1Mbps. Based on the formulation of the demand fan¢twe add a monthly smoothed real
GDP, and apply constant dummy variables of fadtoas are the most important variables of
this estimation. The dummy variable shows 0 befloesevent started, 1 after it started, and O
if the effects cease.

One of main objectives is to utilize this panatadanalysis, and they assume that carriers
and times have slope parameters in common. Bugl#sticity of price may be different from
carrier to carrier, as noted in the last chaptethis case, we can adjust for this, for instance,
by adding cross effect terms of price and individiianmy to the model. This is the same as
for dummy variables of factors. In this case, hogre® serious multicollinearity problem can
potentially arise when using all the factors asdhuss effect terms. The panel data analysis
ordinarily uses hundreds or thousands of data,itaisdmpossible to estimate the effects on
each individual sample.

The previous equation for estimation is basedhen“reduced form,” in which factors of
both demand and supply are mixed. All the varialales then assumed to be exogenous,
except charges. If charges are lowered, then #assl to an increase in the number of
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subscribers, and this leads to still lower chargiesultaneously, since an increase in the
number of subscribers reduces costs, and this mekagges lower. Charges are thus

considered to be an endogenous variable. To comniie| we utilize the instrumental

variables method in such a way that charges froe period earlier are taken to be an
instrumental variable.

In the random effect model, they utilized theoercomponent two-stage least squares
(EC2SLS) method followed by Baltagi [2005], butwias rejected at 10% level by the
Hausman test, and thus the fixed effect model velgpted. The elasticity of charges is
significant at a 1% level, satisfying the sign citiod.

Result of Estimation (Panel Data Estimation)

dependant variable: Subscriber of ADSL

Fixed Effect [V Model

EC25LS Random Effect IV Model

Coef. Std. Err. z-value p-value Coef. Std B, z-value p-value
price 04635 01021 454 0000 ™*| price -0.3673 0.1097 2335 0001
GDP 14.4544 4.0703 35 0000 *™ | GDP 14 6454 4 4626 328 0001 *
d1 06867  0.5442 126 0207 d1 0.5570 0.5986 093 0352
d3 (deleted) d3 14122 0.0930 1466 oooo
d4 1.0998 0.2954 042 0000 ™+ d4 1.5007 0.3250 477 oooo
ds 1.1704 0.2669 438 0000 *** d5 1.1906 0.2936 105 0000 **
d6 12913 0.2914 443 0000 ** dé 16238 0.3133 518 0000 **
ds 06919  0.2414 287 0004 ™= a8 1.0784 0.1136 949 0000 ™™
d10 0.0914 0.1812 050 0614 d10 -0.0289 0.1947 015 0882
d11 0.6720 0.1549 434 0000 ** di1 0.5369 0.1693 317 0002 ™
d12 05412 0.1584 342 0001 a12 04524 01740 260 ooog
d13 0.1651 0.1297 127 0203 d13 0.1207 0.1427 090 0267
constant  162.9671 19.7249 328 0001 ** | constant  166.2991 545022 305 0002 ™
R-sq within 0.9091 R-sq within 0.9081

between 0.4140
overall  0.7922

between  0.9363
overall 09122

Fiestthatallu i=0  F(3,219) 17.11 Hausman Test chi2(11) 2463
Prob=F 0.000 Prob=chi2 0.010

Number of obs 234 Number of obs 234
Number of groups 4 Number of groups 4

Instrumented: price, Instruments: GDP, d1, d3-d6, d8, d10-d13, price[t-1]

Ekk  dk
' '

Source: Author

and * indicate the 1%, 5%, and 10% significant level, respectively.
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3.2 Conclusions

The study of broadband demand is usually hampbyethoth questionable theoretical
foundations and lack of price (and service qualitjgrmation.

First the results of the study from MoutafidexoBomides stiffen the already known
positive relationship between broadband lines andme variable as they denote an almost
perfect association among them. Same with all gaodsservices in the end, in the effort of
estimating broadband demand, it comes down to @@k income and more specifically
that price relative to the price of basic needsdfashelter, etc.). As far as level of education
is concerned, demand is affected only by low les@licated groups as in most cases
persons with higher education are users of innegaservices anyhow. Sex is a
considerable factor as males influence demand tharefemales, especially in school ages.
They presume that on-line gaming is a key elemeiié explanation of this phenomenon
considering the increasing sales in the gaming mashmarket. The marital status variable
plays quite an important role as singles and widsimedows have in general more time
and money to spend on entertainment (music/videentiads, Internet gaming, etc.), not
excluding the possibility of using broadband lif@seducational or tele-work purposes.

Next the work of Koutroumpis adds to this emegdield by incorporating a simultaneous
approach methodology that endogenises supply, d&mamd output and provides
measurable estimates for impact of the broadbandonke externalities for the OECD
countries. The results suggest that there are asorg returns to broadband
telecommunications investments, which are condistath the persistence of network
effects. What has been seen is that there is ex@deh a critical mass phenomenon in
broadband infrastructure investments. On the tlieatgart the level of infrastructure that
is required in order to achieve a critical masshcamalways be the same for every country.
Perhaps wealthier and more urbanized countriesfibéaster from the broadband services
because of the economies of scale of the netw®tks.study acts as a starting point for the
macroeconomic impact of fast network access tedgmsd on economic growth. An
interesting future study could use data from a ala@ataset including countries in different
growth phases from the OECD core. Richer infornmatiad descriptive variables could be
incorporated like the way each individual sectondfgs from the usage of different
broadband platforms and the ways the spilloverdhianelled and realized.
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Also the results of the preceding analysis by Dessis and Giannakopoulos suggest that
observed household heterogeneity does influence piledability of home-computer
ownership in any given year. Observed heterogemeitgerns household income, age and
education of the husband and wife of the househuld)ber and age of children and the
household’s predisposition towards technologicatlyanced durables. In the same context,
home computer ownership appears to be affectedhby density of installed home
computers in the area where the household is sduat finding that suggests the presence
of direct network effects and/or local learningllspers.

The demographic and economic situation of Greeksébolds (age, education, family
composition, income) is not expected to drasticalhange in the foreseeable future.
Therefore, the effect of gradual changes in obskrgerrelates on home computer
ownership is expected to be modest.

Rosston, Savage and Waldman empirical resultsv stat reliability and speed are
important characteristics of Internet service. Tager finding indicates that very fast
Internet service is not worth much more to housghtthan fast service. Willingness-to-pay
for speed increases with education, income andchemkperience, and decreases with age.
An interesting finding from their results is thatlwations for Internet increase substantially
with experience. The implication is that, if targgtcorrectly, private or public programs
that educate households about the benefits froradimend (e.g., digital literacy training),
expose households to the broadband experience galgic access) or directly support the
initial take-up of broadband (e.g., discounted werand/or hookup fees) have potential to
increase overall penetration in the United States.

From the analysis of survey data from Savage Aaddman suggests that household
awareness of high-speed service availability iatnetly high for cable modem and DSL
technology. Preference for high-speed access iarappamong households with a higher
income, a college education and multiple PCs.

Finally, Victor Glass, Stela Stefanova resultsvghhat while the income effect is positive
and significant as expected, the estimate®roce and Speed are statistically insignificant.
That is, after controlling for unobserved heteraggnand omitted time invariant variable
bias, they find no evidence that higher speedsl@ndr prices alone stimulate demand for
broadband. This is not completely unexpected asseethe price and speed information on
the base DSL service offered by the company forsisbency. As the basic broadband
service offered in the rural areas has not chamyachatically over time, the difference
scores of price and speed leave insufficient vdityabn the data between the two time
periods and we are not able to precisely estintedie effect on DSL take rates. While they
model price and speed for the basic service, derffmidSL may actually be driven by the
availability of higher speed products.
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Demand for broadband connections increases \mghiricrease of the availability of
broadband packages with multiple services. Theskguges offer in combination with the
broadband connection to the Internet and servigels as fixed telephony, IP telephony and
digital television. The appearance of extra sesvicentributes to the increase of the
demand.

In Greece Internet Service Providers offer paekag very low prices during some time
periods every year. This has a result to the s#lésoadband connections and so the total
demand is determined by these periodic bundlesingdkis way time intervals high or low
buying activity. The time period that the phenomerad offers appear in the Hellenic
market are two, the first one at December just tee€@hristmas (Christmas Offer) and the
other one in June during the start of the summeogéSummer Offer).

Another use of ADSL service is for remote monitgrand maintenance of large solar
power plants (SMA) [36.] A device (webbox) thatdsnnected to the Internet through
ADSL connection is responsible for system monitgriremote diagnosis, data storage and
visualization of the efficiency of the photovoltasgstem. Its job is the high-performance
communication hub for medium- to large-scale splawer plants. It continuously collects
all the data from the inverters on the system sidereby keeping you informed of the
system's status at any given time.
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Keywords:

e Broadband: Transmission technology in which a single mediwmrg) can carry
several channels at once.

e |ISDN: Integrated Service Digital Network

e PSTN: Public Switched Telephone Network

e Unbundling: The obligation the operator — owners of local ®dpection of the
telephone network connecting the local telephonigckwo individual subscribers
homes) to provide to a third party operator pairsave cooper wires.

e Retail: by enabling end-users to purchase high-speednkiterccess directly from
Internet Service Providers (ISPs)

e Wholesale: by providing ADSL access to other operators andbkng them to
provide ADSL access and high-speed Internet actiesstly to customer.
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