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Abstract

Deployment of broadband for everyone has becomajarrpolicy objectivein many
countries, including Japan and the U.S. Recentlg, U.S. announcec National
Broadband Plan which is aimed at providing 100ionllhouseholds with access to 100
Mbps broadband services by 2020. The purpose sfptiper is to conduct an empirical
analysis to identify factors affecting broadband/ee diffusion in OECD 30 member
countries. First, considering the ratios by broadbsechnologies, we categorize major
countries into "CATV (BB) type,” "DSL type" and "HXk type." Then, the paper
postulates the following four hypotheses by anrirgonal comparison method: (1)
initial conditions of Cable TV around year 2000 mpate CATV (BB) diffusion; (2)
open access obligations on copper subscriber éifiest DSL diffusion; and (3) relative
connection speed of FTTx to DSL and (4) businesdesiy of operator for investment
in FTTx influence FTTx diffusion. Finally, the papempirically proves the above
hypotheses by panel data model, which take cardefendogeneity problem using
instrumental variable method. This analysis wih\ypde an important basis for national
broadband policy formulation in individual coungtie

Keywords: OECD, Broadband, FTTx, DSL, CATV (BB), espaccess obligations,
unbundling, collocation; panel data analysis, unsiental variable method

“The views expressed in this paper represent trsopal opinions of the author. They do not
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1. INTRODUCTION

Promoting rapid nationwide deployment of biwaat services (CATV (BB)
DSL and FTTx) has become an important agenda itenmiiny countries, including
Japan and the U.S. The former has implemented ansthaimed at providing
broadband connections to every household by 20h8e whe latter is pressing ahead
with a National Broadband Plan, the objective oficlhis to provide 100Mbps
broadband services to 100 million households. AtBighgenda for Europe promotes
30Mbps broadband access in whole EU populationl®@Mbps broadband access in
50% population in EU by 2020. Smooth and effectifusion of broadband adoption
can be vital to a nation’s economic revitalizatsord growth.

How new products expand their diffusion int@arkets has been extensively
studied by Bass [1969], Vijay, Eitan and Bass [198dd Atkinson, Bob, Noam, and
Schultz [2010], and the patterns of diffusion h&een found to be affected by factors
such as initial conditions, types of technologigsyernment policies, etc. Taking the
example of Japanese broadband subscriptions bwdkedy type, as shown in Figure
land 3, the diffusion curves have different shapekcating that they are influenced by
different factors. This paper, therefore, attemtptsdentify possible factors affecting
broadband diffusion in OECD 30 member countriessdndoing, it categorizes these
countries into three types and analyzes the influngnfactors by comparing these types.

We used the following methodology for this pag@ECD 30 member countries
were classified into three categories: CATV (BBBIDand FTTx type. For each type,
we postulate hypotheses on diffusion factors baseshternational comparison of data
which were already discussed in Shinohara, Salkaidad Tsuji [2010a], [2010b]. The
objective of this paper is to prove these hypothdserigorous empirical method such
as panel data methods with instrumental variablésis the diffusion processes for
these three broadband technologies were empiriaallyyzed by separately using panel
data tracing back over time to the dawn of the thoaad age, around 2000.

This paper is organized as follows: in the tnelxapter, a survey of related
literature is discussed, and in Chapter 3 we dlassiajor countries into three
categories: (1) CATV (BB) type; (2) DSL type; and) (FTTx type based on our
previous papers. Chapter 4 derives hypothesescbftgpe are discussed and Chapter 5
verify these hypotheses using data of OECD 30 cmsby empirical panel data
analysis. Brief conclusions are provided in Chafter



2. PREVIOUS STUDIES

With respect to studies on broadband diffudextors, there have been various
opinions and discussions regarding government ipslisuch as deregulation and
facilitation of competition, business strategies apferators, attributes of individual
countries and the scope of one single countrygiore or of multiple countries.

Regarding papers on single country, one exarogh be found in a U.S. Federal
Communications Commission (FCC) paper (FCC [20@biich focuses on income and
other characteristics across the U.S. SimilarlyjiTR006], Akematsu [2008a], [2008b],
and Akematsu and Tsuji [2007] analyzed DSL diffasiactors for Japan and concluded
that the driving force of DSL diffusion was the apaccess policy for copper local
loops, including unbundling, collocation and acogsarges.

In the multiple countries context, the Berkn@enter for Internet and Society,
Harvard University (Berkman Center [2010]) alsolgpad a wide range of broadband
diffusion factors, including competition-relatedsugs such as government policies on
broadband diffusion and competition, operators’estmnents and other factors. In
addition to the above, Tanaka [2008] studied maadyfor Japanese broadband market
including the relationship among CATV (BB), DSL aR@Tx by empirical analysis and
Korean broadband market.

In contrast, this paper comprehensively aredythree broadband technologies in
OECD 30 member countries. This paper firstly classithose countries into three
different categories, namely “CATV (BB) type,” “DSkpe” and “FTTx type” to grasp
the characteristics of broadband market. Anothatufe of this paper that we study
those countries empirically using panel data traghiack to around the year of 2000 to
analyze factors affecting diffusion. Data covers tlumber of subscriber, price, speed,
market share of each operator, open access oblgatipon subscriber lines, in each
OECD 30 member countries in three broadband teolhred. Fiona [2009] analyzes
diffusion patterns since 2006 but does not additesdransitions that have taken place
since around 2000; neither does it contain a faantatysis by the three technologies.

In the next chapter, as preparing for the fiypges of factors affecting broadband
services diffusion, this paper classify OECD 30 rhemcountries into “CATV( BB)
type,” “DSL type” and “FTTx type” countries to makealysis easily.



3. INTERNATIONAL CATEGORIZATION OF BROADBAND SERVICES

In the first decade of the 21st century, bbaad provision has developed at a
staggering rate, and now boasts three differemni@ogical types: CATV (BB), DSL,
and FTTx. DSL uses pre-laid metal subscriber lingsile, FTTx uses fiber optic
subscriber lines, which are currently being laidthefiefore, it is difficult to identify
general diffusion factors such as government padicand business strategies of
operators by examining only one country.

Accordingly, as we use OECD 30 member cousitrigarket shares by broadband
technology in those countries are shown in Figure 1
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Figure 1: Broadband market share by technologwaheountry (2010 Q2)
Source: National Regulatory Authorities and opemato

Countries with high proportions than avera§&CATV (BB) diffusion, such as
the U.S. and the Netherlands, are classified asTMCABB) type,” while France,
Germany and other European countries where DSlgfsgroportions than average are
classified as “DSL type,” as described in TableChuntries where FTTx is high
proportions than average, such as Korea and Japanlassified as “FTTx type.”

In the following chapter, we analyze the feasuof the above-mentioned types



and raise their diffusion factors as hypothesemtgynational comparison method.

Table 1:Categorized countries into three technologies

CATV(BB) DSL FTTx
Austria Australia Czech Repub
Belgium Austria Denmark
Canada Finland Finland
Czech RepubFrance Hungary
Denmark Germany Japan
Hungary Greece Korea
Korea Iceland Norway
Mexico Ireland Slovakia
Netherlands lItaly Sweden
Norway Luxembourg
Poland Mexico
Portugal New Zealand
Switzerland  Spain
U.S. Switzerland

Turkey
UK

4. FEATURES AND HYPOTHESES OF FACTORS AFFECTING PROMOTION
OF EACH BROADBAND SERVICE

Three broadband services have been sequgntialteloped in major OECD
countries. First, CATV (BB) was implemented in tinéd-1990s. DSL emerged around
2000. Then, major countries began introducing Firdm the early 2000s. This chapter
analyzes features and open access obligations ase up hypotheses of diffusion
factors as for CATV (BB), DSL and FTTx, respectivebased on international
comparison of data.

4.1. CATV (BB) Diffusion
4.1.1. Featuresof CATV (BB)

CATV (BB) type countries experienced steadgraéases in CATV (BB)
household diffusion rates from around 2000, evdiytutaining roughly 30% CATV
(BB) household diffusion rates by 2009 (see Tabfe 2)

Due to the technical reason, open accessatiaits upon CATV (BB) subscriber



lines did not works well and accordingly did not atf€ATV (BB) services diffusion.

Table 2:CATV (BB) household diffusion rates
(ratio of subscribers to households)

Types of technologies Country Years
CATV(BB)DSL FTTx 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Australia 09 15 23 33 52 6.7 7.7 105 111 10.9
v France 05 08 11 16 18 22 27 28 34 40
v Germany 00 01 01 02 04 06 12 25 40 538
v Japan 1.3 27 40 50 58 64 70 74 78 8.2
v v Korea 99 183 216 232 235 225 281 273 273 274
v Netherlands 36 6.6 11.3 139 170 220 281 30.7 305 324
v New Zealand 0.0 02 03 04 07 10 17 30 36 4.0
v v Norway 08 23 26 35 46 65 87 115 157 196
v Sweden 13 26 35 47 52 7.0 102 122 129 129
4 UK 0.1 08 31 54 80 104 119 131 142 145
v u.sS. 35 68 103 151 194 237 282 317 357 36.8
Source: OECD Unit: %

4.1.2. Hypotheses of factors affecting CATV (BB) diffusion

The year of 2000 is generally regarded asldven of the broadband age, which
is why we have taken 2000 as the base year fordbeval services diffusion. Prior to
2000, Cable TV was popular for viewing TV prograrasd the cable network was
easily converted to subscriber lines for the IreeriThe number of household which
described Cable TV at the year is referred to agiihal condition for CATV (BB), and
it is easily understand that this initial conditiafiected CATV (BB) diffusion directly
because, at the time of its inception, there wasotiter competing broadband
technology. CATV (BB) subsequently had an influenme both DSL and FTTx
diffusion.

As for broadband diffusion trends after 2000, TébEhows that, at nearly 100%,
the U.S. and the Netherlands have much higher CAdWes passed diffusion rates
than any other country. Similarly, Table 4 showat tthe U.S. (approximately 60%) and
the Netherlands (approximately 90%) also have mehg high CATV (broadcast)
household diffusion rates. The consolidation of CAdperators in the U.S. and the
Netherlands occurred around 2000.



Table 3:CATV home passed household diffusion rates
(ratio of home passed to all households)

Types of technologies  Country Years
CATV(BB) DSL FTTx 2000 2001 2002 2003 2004 2005 2006 2007
Australia 00 00 00 00 00 00 00 00
v France 00 345 357 357 356 00 00 0.0
v Germany 00 684 679 675 672 00 00 0.0
v Japan 39.0 443 479 501 523 545 56.0 58.0
v v Korea 554 590 703 00 00 687 664 669
v Netherlands 00 00 979 970 9.3 957 950 980
v New Zealand 00 00 00 00 00 00 00 00
v v Norway 00 00 597 619 615 609 601 0.0
v Sweden 00 00 624 623 620 622 624 550
v UK 0.0 0.0 485 485 50.0 50.0 50.0 50.0
v u.s. 96.8 964 969 97.8 99.1 1000 96.0 96.3

Source: OECD

Unit: %

Table 4:CATV (broadcast) household diffusion rates
(ratio of subscribers to households)

Types of technologies Country

Years

CATV(BB) DSL FTTx

2000 2001 2002 2003 2004 2005 2006 2007

Australia 185 0.0 193 196 00 00 0.0 0.0
v France 12.1 128 138 14.0 142 141 143 0.0
v Germany 53.5 52.8 535 51.7 53.0 57.3 55.0 50.9
v Japan 39.4 443 480 50.1 52.3 545 556 57.1
v v Korea 16.2 326 452 671 742 791 773 790
v Netherlands 89.2 89.8 89.3 91.3 90.8 896 89.2 0.0
v New Zealand 15 19 00 00 0.0 00 0.0 0.0
v v Norway 428 425 424 426 422 443 446 516
v Sweden 50.4 52.4 525 53.1 53.8 53.6 51.5 52.3
v UK 145 143 135 13.0 131 13.0 13.2 135
v U.S. 643 643 615 608 548 52.7 57.7 56.4

Source: OECD

Unit: %

The initial conditions for CATV (BB) Type countriés 2000 can be summarized
as follows: (1) from a facility basis perspectiveATV homes passed household
diffusion rates were high; (2) from a customer bpsespectiveCATV (broadcast) had
a high household diffusion rate; and (3) from therspective of availability of
investment funding, CATV operators were consolidaéhese discussions postulate the
hypothesis related to CATV (BB) as follows:



Hypothesis|: CATV (BB) was promoted by initial conditions

4.2. DSL Diffusion
4.2.1. Featuresof DSL

To provide DSL services, telecommunicationsrajors use pre-laid copper local
loops owned by dominant telecommunications operaisr phone call services use
same copper subscriber lines, those lines havadiréaid in nationwide in OECD
member countries. On the other side, dominant deMcunications operator provides
traditional services such as analogue phone, ISBa$ed circuits and so on and earns
related revenue. DSL allows subscribers to usees® ¢onvenient and inexpensive than
traditional services mentioned above. Thus, domiralgcommunications operator
often is reluctant to provide DSL services, becauseiding DSL result in losing their
current revenue.

As for DSL, open access obligations on copp#scriber lines works well,
because from the viewpoint of technical reasorlldws competitors to provide fully
competitive DSL services against dominant operatat from the viewpoint of service
area copper subscriber lines had laid in nationviid®©ECD member countries for
phone call. Obligations include unbundling, collb@a and the setting of access
charges by regulators. Even if dominant telecomgaiiuins operator is reluctant to
provide DSL for its subscriber, once open acceskigatibns were implemented,
dominant operator has to jump into DSL. If not, gatitors take all of the DSL market.

4.2.2. Hypotheses of FactorsAffecting DSL Diffusion

Figure 2 indicates the relationship of DSL housdhdiffusion rates and open
access obligations in OECD measure countries. Weeesily find out that after open
access obligation were implemented in mainly aroR@d0, DSL household diffusion
rates grew up.

As for New Zealand, household diffusion rates grew slowly than other
countries before implementation of open accesgatitin in 2003, and the rates grew
up rapidly after 2004. As for UK, although openessobligation were implemented in
2000, charges of unbundling were high and other tivag unbundling were prevailé,
the household diffusion rates grew up slowly bef@@3, and then the charge of
unbundling were reduced down to about -70% thaarbainbundling became effective
and the household diffusion rates grew up rapidly.



%

80
Germany
70 _a
Japan
( Us. w /./
60 us. Umbundle was
T‘ New Zealand L termimlted J//K’%
50 [Netherland M N?.
France
40 —
Australia
30
10
0
N N \Z O » » o Q\ O O
\ O N N N N N N N N
o o o o o o o o o o
‘—O—Australia ——France Germany Japan —¥—Korea —@— Netherlands —+— New Zealand —— Norway —=— Sweden —¢— UK us.

Figure 2: DSL Household diffusion rates and unbungdl

Note: Countries unbundling were implemented beRf@0 are indicated in 2000 with arrow.

From the reason mentioned above, open access tnimigaupon copper
subscriber lines would affect DSL diffusion, andstban be postulated as hypothesis I,
which can be described as follows:

Hypothesis 11: DSL diffusion was promoted by deregulations such as
unbundling

4.3. FTTx diffusion type

As both Japan and Korea are typical FTTx typentries, here we analyze those
countries in more detail. Based on the discussmoper factors are selected for
estimation.

4.3.1. Featuresof FTTx: Japan




4.3.1.1 FTTx diffusion and DSL peak-out

Spread of FTTx started accelerating arounds 2@@h this technology eventually
securing a larger share than that of DSL in Jur@82@nd assuming the lead in the
broadband market, as shown in Figure 3. Due tevilespread diffusion of FTTx, DSL
experienced a peak-out in March 2006.
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Figure 3: The number of broadband subscribers iarJap

Source: Ministry of Internal Affairs and Communiiceits, and various company publications

4.3.1.2. Government policieson and market conditionsfor FTTx

Unlike other broadband services that use gice#netal subscriber lines, FTTx
requires fiber optic subscriber lines. The Japagesernment has started working on a
series of FTTx diffusion policies but, given thatst of telecommunications in Japan,
diffusion is bound to depend heavily on capitalestiment by NTT East, NTT West and
other operators.

NTT East and NTT West, the dominant operatars,obligated to open up their
fiber optic subscriber lines, as was the case WL service metal subscriber lines.
This requirement, like the DSL requirement, is amet establishing unbundling,
collocation, and access charges in order to er@hler operators to offer services that
can compete with those offered by NTT East and NV&st. However, because the
technical characteristics of fiber optic technoldigyit effectiveness of unbundling to a
certain level, competitors cannot actually provmteducts that are fully competitive
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against those of NTT East and NTT West.

4.3.1.3. FTTx competition

Japanese FTTx services are provided by NTTt, Bd$T West and other
competitors, including telecommunication subsidisriof electricity companies that
serve regional communities. Although individual ottee company services are
competitive with NTT services in some areas, NTEtBaand NTT West's combined
national FTTx market share is consistently on tise.rlt passed the 70% mark in
December 2009.

NTT East's and NTT West's combined total bitoaad market share is also on an
upward trend, having increased from 25.2% in M&6B2 to 51.6% as of December
20009.

4.3.1.4. Business strategies

The growing diffusion of FTTx and the phasiogt of DSL have come to
prominence since NTT East and NTT West, owneropper local loops, announced in
November 2004 their intention to make a compled@dition to optical networks and
floated the possibility of terminating metal suldlser lines as shown in Figure 3.

This development has created three major prablfor competitors that had
previously focused on DSL services. First, NTT'sn@amcement regarding possible
termination of metal subscriber lines has madadtdasingly difficult to concentrate
primarily on DSL and has forced the providers tccdmee more cautious about
continued investment in management resources. 8egbbil’s full transition to FTTx
would mean a smaller DSL market and higher-speeadirand services across the
whole, thereby putting pressure on competitordso mmove from DSL to FTTx. Third,
competitors were unable to offer FTTx services Wwhigere sufficiently competitive
with those of NTT and, thus, it was difficult fdram to develop their broadband service
operations. In fact, Softbank, which had securetiare comparable to that of NTT in
the DSL market, abandoned its plans to make astle entry into the FTTx market
(deciding not to provide FTTx as a Softbank seryviemd now sells NTT East’s and
NTT West’s FTTx services.

On the other hand, NTT East and NTT West,hasdominant operators, were
influenced to make this move by five major reasons:

11



(1) Since they are strictly fixed-line (not mobileperators, they wanted to
concentrate on enhancement of management resounmgding capital
investments, in order to establish FTTx as a maynstsiness;

(2) They wanted to pool resources toward opticdisstber lines only and
thereby avoid the double burden of having to managg maintain both
metal and optical subscriber lines;

(3) They were locked in a battle with Softbank RBL share supremacy, with
both tied at roughly 35% (NTT had provided all dotees
telecommunications services prior to the 1985 &beation), as shown in
Table 5;

(4) They have raised the possibility of removalnadtal subscriber lines, which
are vital to DSL services. They had no intention reinforcing the
permanency of DSL; and,

(5) They planned to shift 50% of their combinedtooter base to FTTx by 2010.

As described above, we could assume that igreef competition between
operators in the DSL arena fueled by the provisminkroadband competition policies
that opened up metal subscriber line infrastrustupeompted NTT East and NTT West
to shift to FTTx. As a result of having concentcatis management resources into FTTxX
and made aggressive capital investment moves, Ni€€egded in extending its lead
over its competitors. Its shares of the FTTx andltbroadband markets climbed to
70% and 50%, respectively, as shown in Table 6Tafde 7. It would appear that the
decision by the dominant operator, which owns tle¢afines, to transition its business
entirely toward the optical subscriber network, #mel possibility that metal subscriber
lines could be removed were to some degree inflaleoin the rapidity of FTTx
diffusion in Japan and the DSL peak-out.

Hence, the development of broadband diffusiodapan can be summarized as
follows: First, with respect to the early stagesbabadband (CATV (BB) and DSL),
CATV (BB) did not spread due to the fact that inOQ0 the conditions for CATV
(broadcast) diffusion in terms of infrastructuresystomer base, and provider
aggregation were not satisfied. Second, beginnm@Q001, broadband competition
policies, which opened up metal subscriber lineastfuctures, helped DSL to spread in
bursts. In the later stage of broadband (FTTx), NHakt and NTT West, faced with
heated-up competitor opposition that helped to dhagy combined share of the DSL

12



market down to a tie for the lead (35%), decidedhtike capital investments in optical
subscriber lines, prompting the shift from DSL {DT.

Table 5: Comparison of DSL market share by opesatodapan with Korea

Japan 2001.3 2002.3 2003.3 2004.3 2005.3 2006.3 2007.3 2008.3 2009.3 2010.3
Softbank BB 00 206 311 358 349 348 368 378 384 387
NTT East 241 216 204 204 207 207 199 190 184 175
NTT West 142 191 160 161 174 185 181 17.7 173 173
eAccess 00 00 136 133 133 132 137 146 155 235
Acca Networks 00 00 00 104 94 86 78 75 71 00
Others 61.8 388 19.0 4.0 4.3 4.3 3.6 3.5 3.3 3.0
Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0.0100
Korea 2001.1 2002.1 2003.1 2004.1 2005.1 2006.1 2007.1 2008.1 2009.1

KT 75.0 768 796 819 843 865 891 90.7 933
SK broadband 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.2 53
Hanaro Telecom 227 209 183 161 142 115 8.9 0.0 0.0
Thrunet 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Onse 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LG Dacom 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
Dreamiine 2.2 14 11 0.8 0.6 0.3 0.0 0.0 0.0
Others 0.0 1.0 11 13 0.9 1.6 1.9 2.1 14
Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Source: National Regulatory Authorities, operatord OECD. Unit: %

Table 6: Comparison of FTTx market share by opesatoJapan and Korea

Japan 2002.3 2003.3 2004.3 2005.3 2006.3 2007.3 2008.3 2009.3 2010.3
NTT East 173 264 294 306 347 386 408 419 423
NTT West 86 209 285 269 280 304 314 322 321
Subsidiaries of Electric Power Companies Q.0 0.0 12.1 16.2 17.0 10.8 10.8 95 9.2
KDDI 0.0 0.0 0.0 0.0 0.0 6.6 5.8 7.1 8.0
USEN 0.0 0.0 9.9 9.7 8.7 6.2 4.6 34 3.0
Others 741 527 201 16.7 116 7.3 6.6 5.9 5.3
Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Korea 2001.1 2002.1 2003.1 2004.1 2005.1 2006.1 2007.1 2008.1 2009.1

KT 81.9 481 487 493 443 46.2 434 423 410
SK broadband 0.0 0.0 0.0 0.0 0.0 0.0 0.0 237 232
Hanaro Telecom 69 327 305 281 274 268 26.9 0.0 0.0
Thrunet 0.0 0.7 0.5 0.4 13 0.0 0.0 0.0 0.0
Onse 0.0 0.7 0.4 0.2 2.3 0.9 0.0 0.0 0.0
LG Powercomm 0.0 0.0 0.0 0.0 52 169 220 261 284
LG Dacom 11.3 6.5 6.6 6.6 7.6 21 1.2 0.4 0.2
Dreamiine 0.0 0.3 0.4 0.5 0.7 0.0 0.0 0.0 0.0
Others 100.0 110 129 150 114 7.1 6.5 7.6 7.2
Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Source: National Regulatory Authorities, operatord OECD. Unit: %
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Table 7: Comparison of broadband market share byadgrs in Japan and Korea

Japan 2001.3 2002.3 2003.3 2004.3 2005.3 2006.3 2007.3 2008.3 2009.3 2010.3
NTT East 20 134 162 178 190 21.0 234 257 275 281
NTT West 1.2 118 128 146 161 181 197 211 223 225
Softbank 00 126 229 263 246 220 199 171 144 116
Eaccess 0.0 0.0 10.0 9.8 9.3 8.2 7.3 6.4 5.7 7.0
KDDI 0.0 0.0 0.0 0.0 0.0 0.8 2.2 2.4 3.5 4.3
Others 96.8 622 381 315 309 299 275 273 265 265
Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0.0100
Korea 2001.1 2002.1 2003.1 2004.1 2005.1 2006.1 2007.1 2008.1 2009.1

KT 49.7 473 493 510 51.2 452 443 434 425
SK broadband 0.0 0.0 0.0 0.0 0.0 0.0 00 229 235
Hanaro Telecom 265 276 252 231 227 257 249 00 00
Thrunet 16,8 125 116 108 69 00 00 00 00
Onse 31 43 38 33 29 16 00 00 00
LG Powercomm 00 00 00 00 21 86 117 141 154
Others 39 82 102 119 141 189 191 196 186
Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Source: National Regulatory Authorities, operatord OECD. Unit: %

4.3.2. Featuresof FTTx: Korea
4.3.2.1. DSL and FTTx diffusion

In the case of Korea, competitors initiallynped into FTTx, because (1) there
were only inadequate open access regulations cay&orean Telecom (KT)’s copper
lines for DSL, and (2) competitors had installeditHiber lines right to the doors of
households. So, the competitors did not have tpwtth DSL and were able to jump
into FTTX.

4.3.2.2. Development of DSL and FTTx diffusion

In Korea, since 2001, market share by broadib@chnology has fluctuated
dramatically, as shown in Table 5, Table 6 and &ablwhile KT and other competitors
have settled into a dead heat in the race for mataze.

The process of development of ADSL and FTTH#udion in Korea can be

described as follows:

(1) After ADSL was launched in April, 1999, Hanafelecom, a competitor,
used an electric power company’s rights of way riagbits own fiber optic
lines to customers in adjacent neighborhoods agdrbproviding services;

(2) Korea Telecom (KT), the dominant operator,tiggce by launching its own
ADSL services in June of the same year,

(3) The unbundling of KT's copper local loop wastitutionalized at the end of
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2001; however, there were no rule for the settihgaress charges by the
NRA. Hanaro avoided having to make active use ef uhbundled copper
local loops (dry copper), choosing instead to stidtn DSL to FTTx (see
Table 6);

(4) As a result, KT continued to maintain a massshare of the DSL market
(around 93% by the end of 2009). DSL peaked-o@0id3;

(5) Meanwhile, in the FTTx market — the main legtbund — KT's share has
leveled out at around 50% since 2002 in the facstifff competition (see
Table 6);

(6) In 2005, LG Powercom entered the FTTx markshg a power company’s
lines; and

(7) In 2006, KT announced plans to create a fultlssriber FTTH network by
2010.

4.3.3. Hypotheses of FactorsAffecting FTTx Diffusion

In order to postulate hypothesis, we have &y pttention to data: whether
suitable data are found. If we focus on good hypsdls but there are no data available,
then we cannot estimate them. Here let us summémzdiscussions so far and find the
suitable variables which represent them. Possiblgtofs of FTTx diffusion are
summarized as follows: (1) competition with DSL) (fbundling; and (3) competition
and business strategy.

(1) At the beginning of FTTx was introduced, DSL wadl sirowing, but
gradually it has been taken over by FTTx in FTTREeyountries. In addition
to Japan and Korea, among FTTX type countries,aRthl Norway and
Sweden have experienced the DSLs peak-out. The rnfapor of this
migration is that consumers chose faster speed ok H-rom this viewpoint,
relative speed of FTTx to DSL can be taken as #ofagf migration. In
estimation, we take the ratio of maximum speedlabks of DSL over that of
FTTx in those countries as a variable.

(2) Unbundling in FTTx is a quite touchy issue to regais, in spite of DSL. In
case of DSL, fixed telephone is already universalise and the network was
completed all over the country. There was less prablfor the introduction
of DSL. FTTx, on the other hand, have to deploy dbé&cal fiber network,
which requires huge funds and is risky. The beatexgy for carriers is to wait
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for investment: if some carriers deployed the nekwthey can use it. This
implies carriers dared not to deploy. Most of comest therefore, introduced
unbundling regulation.

(3) Only dominant carriers in Japan and Korea decldredermination of copper
lines implying they had to concentrate their bussneesources to FTTX. In
particular, Japanese NTT locals invested heavithedeployment of optical
fiber networks by taking risks. Eagerness to in¥&sIx is taken as a variable
for business strategy, and the year of the dedaradf copper lines’
termination is selected as a proxy for this. Thygdtheses related to FTTx
are presented as follows:

Hypothesis|11: faster relative speed of FTTx to DSL promoted FTTx diffusion.
Hypothesis IV: the termination of copper lines shows business strategy of
investment in FTTX

In what follows, we attempt to prove the abbypotheses.

5.ESTIMATION OF HYPOTHESES
Let us examine the hypotheses we proposecheénprevious section using a
rigorous estimation method.

5.1. Modd for estimation

In this estimation, we use panel data modseketiaon the 30 OECD countries. In
estimation, care should be taken for the endogepeitblem, since some variables are
endogenous and resulting estimations cannot igewtiether the relationship between
dependant and explanatory variables is causalisynople correlation.

In estimation, dependent variables contain nhmber of subscribers of FTTX,
DSL, and CATV (BB), while independent variablescprand connection speed of each
technology, and so on. It should be noted thatabées related to characteristics of
member countries were not introduced in the abonmatons, sincéncome, which is a
typical example, had such a strong impact thakjia@ned the equations, that is, all
other variables became insignificant. Thus we a@dittountry’s characteristics from the
estimation equations.
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The following three equations of the techn@sgare estimated, namely FTTX,
DSL and CATV:

1)

FTTx = B, + B,Price™ + B,Price®™ + B,Price™" + B,Seed ™
+ B (Speed °* / Speed ™) * (FTTx typecountry) * (Year after 2009 dummy)
+ B (investment decision) + £, (Year dummy 2004 — 2009) +u

2)
DSL = S, + B,Price® + B,Price”™™ + B,Price™™ + 3, Speed °*
+ B (Unbundling) * (DL type country) + S, (Year dummy 2004 — 2009) + u
3)
CATV = B, + B,Price™™ + B,Price™™ + B,Price®™ + B,Speed "™
+ B, (CableTV) * (CATV (BB) type country) + 5, (Year dummy 2004 — 2009) + u

where Price™™™, Price®, Price®", Speed™ ™, Speed®S, and Speed“”™ stand for
prices and speed of each technology, respectivetirtese equations, the hypotheses we
aim to verify are introduced in the following way:

(i) FTTx model (1) and Hypothesis Il and HypotlsedV: the cross term of the
relative connection speed between FTTx and DSlcatdd as (DSL/FTTx) and FTTx
type countries (dummy) represents Hypothesis Ihim ETTx type countries. If the
coefficient of the cross term is negative, thethise countries subscribers switch from
SDL to FTTx due to faster FTTx’s connection spdacaddition,investment decision is
introduced as an explanatory variable (dummy) whiggresents Hypothesis IV, which
takes 1 at the period 2004 Q4 and after, while galkebefore 2004 Q4 for Japan.
Similarly it takes 1 at the period 2006 Q4 and rafiéhile takes O before 2006 Q4 for
Korea. Moreover, since the migration is clear pme@oa since 2009, a dummy variable
denotedyear after 2009 is also attached;

(i) DSL model (2) and Hypothesis II: unbundlingasspecific characteristic of DSL
diffusion, and Hypothesis Il is presented by thessrterm of unbundling of dry copper
(if implemented, it takes 1, while if not implemed; it takes 0) and DSL type countries
(dummy). If its coefficient is positive, then theoss term shows that DSL was
promoted by the deregulation including of unbungllin

(iif) CATV model (3) and Hypothesis I: Hypothesissipresented in the cross term of
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the number of subscribers of Cable TV (as of 2@0@) CATV type countries (dummy).
If its coefficient is positive, then CATYV diffusiowas enhanced by the initial conditions
of Cable TV.

5.2. Result of estimation

As price variables are endogenous, we utilimedrumental variables in panel
estimations in such a way that the market sharesc technology (one period earlier)
are included as instrumental variables in ordelngndle the endogeneity problem. As
shown in Table X, all three models cleared the &asgtest for overidentification
restrictions. Moreover, two panel data models aterated, namely fixed-effects and
random-effects model, and we attempted to spebdyproper model by Hausman test.
All estimations selected the random-effects model.

According to the result of estimation, thecprielasticity of FTTx shows -6.39
(p<0.01) which is elastic, and the cross priceteliég with regard to DSL 1.19 (p<0.10)
which is also elastic. On the other hand, the palzesticity of DSL indicates -0.95
(p<0.05) which is inelastic, and the cross elastiwiith respect to FTTx 0.39 (p<0.05)
which is also inelastic. Those of CATV are, howevet significant for both elasticity.
Therefore, these results present that FTTx and Bx@Lsubstitutes each other as for
their prices, but there are no relationships betvibese two technologies and CATV.

As for connection speed, its elasticity of KTdnd DSL similarly amounts 0.53
(p<0.10) and 0.54 (p<0.01), respectively, whileB0(2<0.01) for CATV which is half as
much as former two. These results imply that tistefathe connection speed of each
technology, the more it promoted the diffusion.

Let us discuss the results related to the tingses, that is, the factors promoting
each technology. As for FTTX, the cross term cdtreé connection speed with DSL and
FTTx type countries is -0.67 (p<0.01) after 200%isTcan be interpreted that the
improvement of a relative speed of FTTx in comparisvith DSL promotes the
migration from DSL to FTTx. Since the migration dkear after 2009 in FTTx type
countries, this coincides with the realty. Thuss therifies Hypothesis 1ll. Regarding to
carriers’investment decision on FTTX, its coefficient is 1.63 (p<0.05), whiclerifis
Hypothesis IV.

Next, the result of the DSL model shows tha¢ ttross term between the
unbundling of dry copper and DSL type countrie®.80 (p<0.01). This proves that
unbundling promotes DSL diffusion, and Hypothesis Verified.
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Finally, as for the result of CATV, the crassm of the number of subscribers of
Cable TV (as of 2000) and CATYV type countries 380(p<0.01), which reveals that the
initial condition such as the number of Cable T\bstribers in 2000 is important for
the CATV diffusion. Although the coefficient of tteoss term (0.08) is low, there are
other initial conditions such as the CATV homepdiffsision rate. Such conditions will
be examined in the next study. Thus Hypothesiptosed.

Table 8:Result of estimation

1) 2) 3)
FTTx DSL CATV
Price (FTTx) -6.304* ** 0.385** 0.017
[2.019] [0.172] [0.113]
Price (DSL) 1.189* -0.951** -0.043
[0.689] [0.419] [0.116]
Price (CATV) 1.611** 0.143 0.137
[0.763] [0.208] [0.339]
Speed (FTTX) 0.414*
[0.240]
Speed (DSL) 0.537***
[0.050]
Speed (CATV) 0.281***
[0.021]
Cross term (FTTx type country * relative -0.668***
speed (DSL/FTTx: after '09)) [0.238]
Carriers’ investment decision on FTTx investment  1.634**
(2004 Q4 for Japan and 2006 Q4 for Korea, for, [0.689]
example) '
Cross term (DSL type country * unbundling (dry 0.901***
copper)) [0.212]
Cross term (CATV(BB) type country * No. of 0.080***
Cable TV subscribers (in 2000)) [0.017]
Constant 14.338*** 11.467%**
[1.026] [1.131]
Observations 236 327 289
Number of countries 19 20 19
Chi-squared 66.47** 163.9*** 261.68***
Overidentification restrictions (Hansen's J stadjst 0.57 0.00 0.00
(P-value) 0.451 1 1

Note 1: Standard errors are in brackets.

Note 2: *, **, and *** indicate the significancevel at 10%, 5%, and 1%, respectively.

Note 3: Year dummy variables (2004 - 2009) areuidietl as control variables.

Note 4: Instrumented: Price

Note 5: Instruments: 1 period lag of market shdreagh technology, other explanatory variables
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The result obtained in the empirical study barsummarized as follows:

« FTTx and DSL are substitutes each other with radpetheir prices, but there are
no relationships with CATV.

« Connection speed is important for the diffusioralbbroadband services.

« The diffusion of FTTx requires the migration fron8D, which was achieved by
the relative connection speed in comparison withLD®& addition, since
investment in FTTx required fugue amounts of fumd & is risky to carriers,
carriers’ decision-making on FTTx investment iadlaportant.

« For the diffusion of DSL, the unbundling of dry qew was essential.

« For the diffusion of CATYV, the initial condition sh as the number of Cable TV
subscribers is important, since Cable TV was easiigverted to the Internet
connection.

6. CONCLUSION

The objective of this paper is to verify thgpbtheses which are postulated by
international comparison of data of OECD 30 coestitiased on Shinohara, Sakaibara
and Tsuji [2010a], [2010b]., and according to rmes panel data method, the factors
related to CATV and DSL are extracted such asainitonditions of Cable TV and
deregulation, respectively. These are common t@BCD member countries. As for
FTTX, however, is rather difficult to obtain commosasons its diffusion due to data
availability. It is extremely difficult to collecthe same data in all member countries.
This limits the analysis. Although carriers’ posdtiattitude towards investment in the
optical fiber networks is admitted as an importutor”, it is difficult to collect such
data for all countries.

An alternative variable is whether DSL diffusipassed its peak or not in each
member countries. If a member country experientedpeak of DSL, then carriers
wont invest more in DSL but in FTTx. The idea behihis is that if the DSL diffusion
already passed its peak, carriers have to condentheir business activities and
resources to FTTx, which is only remaining busingggortunity, and accordingly this
accelerates investment in FTTx.

There is another methodological developmenfuture study. The methodology
of this paper is to prove hypotheses we alreadytufaied, but according to data
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collected, we can construct hypothesis using datangn method, for example. Since
FTTx is ongoing phenomena, it seems to be diffitaltestablish hypothesis which
coincide with the realty. Then data mining is a gassapproach.

NOTES
1) CATV (BB) is also referred to as Cable modem.

2) Household diffusion rates are calculated by ttewing formula:
Household penetration = (number of residential lamsiness users)/total number of
households
3) Wholesale (bit stream). Speed of DSL were sdtlanited by dominant operator in
wholesale. Refer OFCOM [2007] (2.24, 5.8, etc) &tdnohara, Sakaibara and
Tsuji [2010a]

4) See Atkinson, Noam, and Schultz [2010], for epkem
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