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Abstract
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ture after local deregulation of the wholesale db@and access market. Using a panel
dataset covering all 5,598 exchange areas in theedJKingdom, we exploit regional
differences in deregulation following a 2008 refor@ontrolling for initial conditions,
first-difference estimates show that local deregoiaincreases local investment in in-
frastructure by both the incumbent and competitors.
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1. Introduction

Creating competition was a main concern in regupfcuropean broadband sectors
over the last decade. For this end, former incunsetworks were opened for alter-
native providers by mandated access at regulaiedspiNowadays broadband markets
in many countries have developed satisfactory sewélcompetition that are especially
pronounced in urban areas where alternative proviiiled broadband deployment most
profitable. With some regions enjoying more infrasture-based competition than oth-
ers, many observers argue that national regulatwald focus their attention on areas
in which competitive markets cannot be sustained, @08a; Weizséacker, 2008). As a
result, in recent years, a number of European c@snhave debatéd-and in some
cases introduced—the deregulation of competitieasin a specific broadband whole-
sale market. The so-called Wholesale Broadband $5c0&BA) market allows entrants
with non-exhaustive own infrastructure to offer dmlband services to the end-users via
the incumbent’s (or other providers’) network.

In this study, we investigate how broadband prawddange their investment behavior
in response to a local deregulation. Infrastructovestments are of direct relevance to
regulators. While in the past, regulators’ focuswa creating competition on already
existing networks, they need to take a more dyngrarspective nowadays. According
to the European Commission, substantial investmentslecommunication infrastruc-
ture are necessary in order to ensure Europeaneatdivgness and growth (EC, 2012).

It remains unresolved from a theoretical perspecthow deregulation of areas with
well-developed competition affects future compeditdevelopment (see Stumpf, 2010).
Entrants benefit from the WBA regulation since tlaeg able to test local markets “risk-
free” via the incumbent’s network (Cave & Vogelsa2§03). On the downside, this
may in fact hamper entrants’ incentives to invasbwn infrastructure in the “make or
buy” decision that every company faces (Nardottalt2012). With some markets be-
ing deregulated, the entrant faces higher degreesaertainty about future access and
price developments. Entrants may therefore havigleehincentive to invest in estab-
lished markets with high demands for their serviaed gradually roll out their own
infrastructure. A higher degree of infrastructusséd competition in turn is likely to
influence the incumbent’s investment behaviour. @ag for the incumbent to escape
competition would be to upgrade the local netwonrkth optical fibre and to offer a
higher quality, i.e. bandwidth, to the end-user.

! For an overview, see Tabléd and A2 in the Appendix.



However, the ultimate effects of this new regulatecheme on investment decisions
and eventually the competitive environment are omkn Policymakers are thus reluc-
tant to institute deregulation (e.g., Bundesnetaage 2010; EC, 2008c). We therefore
empirically evaluate the effects of local deregolatin the WBA market on infrastruc-
ture investment by the incumbent telecommunicatamier and its competitors. To this
end, we make use of a change in the regulatorynsehe the United Kingdom WBA
market. In 2008, the U.K. regulator, Ofcom, dividbd WBA market into three compe-
tition areas. In areas with sufficient infrastruetbbased competition, the incumbent
(British Telecom) was released from regulationhattspecific market. Ofcom applied a
set of rules that determine the deregulation oharge areas, inter alia, based on the
number of relevant competitors that are activéhenrespective markets, and the size of
the local retail market.

We measure investment incentives on two dimensiéinst, we investigate the number
of infrastructure-based competitors - so callecdcéloloop unbundlers” (LLU). LLU
operators undertook large investments in instaliing maintaining infrastructure. They
provide end-users with broadband Internet withrtbain network. Second, we analyze
the incumbent’s infrastructure investments by aié-out of optical fibre which enables
higher transfer rates and allows the incumbentifferdntiate itself from the competi-
tors. We concentrate on these measures, sinceagiegeinfrastructure-based competi-
tion is the preferred goal of regulatory authositi# is favored over service-based com-
petition since it is sustainable and increasesuwoes choice while lowering consumer
prices in the long run (Bourreau and Dogan, 2004rdbéh, 2002).

We quantity the effects of deregulation with atfugference approach in which we
compare the development of regulated and deregulatas between 2007 and 2012.
Since deregulation decisions are based on the ddim@esituation in an exchange area,
deregulation is endogenous by design and reguéatddieregulated areas must differ in
their initial (i.e., prior to the reform) competié situations and other local characteris-
tics. In order to deal with the endogeneity, wetoarfor the initial competitive situa-
tion and other local characteristics. In furthee@fications we present propensity score
matching based on socio-demographic characteria8ceell as subsample estimates
based on very similar competition levels in 2007.

One related concern is that our basic specificatimght capture a “self-fulfilling
prophecy,” which arises due to the fact that Ofconeregulation decision depends not
only on actual, observed investment, but also srfatecast for local investments by
large infrastructure-based competitors. Therefoue,basic specification might not only
capture investment due to deregulation, but algesitment that would have occurred in



any case (and, in fact, led to the deregulation)oAt@not observe Ofcom’s forecasts,
but a change in the deregulation rules betweeriitstereview in 2008 and the second
review in 2010 allows us to distinguish similar bange areas with and without fore-
casts.

Our data are from the Internet platform Samkn{®anknows, 2007, 2012). Samknows
is a not-for-profit website that provides infornation broadband availability in the
United Kingdom. It furthermore reports detailedomhation at the exchange level on
key characteristics such as exchange location)atmy status, the names of infrastruc-
ture-based competitors that are locally active, treoptical fibre has been installed
yet in the local network, the number of premisesexd by an exchange, and broadband
availability via cable. We merge these exchangelleata with ward-level socio-
demographic characteristics.

We find positive, economically important effectsdafregulation on infrastructure-based
competition. The number of LLU operators increasese in deregulated exchange
areas than in regulated areas between 2007 and @1 also quantify the part of these
investments that cannot stem from Ofcom forecaststaerefore capture the pure de-
regulation effect. Furthermore, deregulation inseshBritish Telecom’s investment in
optical fibre infrastructure: in deregulated areBstish Telecom is significantly more

likely to roll out optical fibre.

The remainder of the paper is organized as foll@&extion 2 describes in more detail
the WBA market and the deregulation process inlthited Kingdom. Section 3 intro-
duces our data. Section 4 presents our estimatrategy, basic results, and various
robustness specifications. Section 5 concludes.

2. Institutional Setting

2.1. Wholesale Broadband Access

WBA refers to a wholesale market in which an eritraith limited own infrastructure
buys transmission services from the incumbent wdbess to the end-users’ premises.
Figure 1 displays the structure of the WBA markeie entrants’ own infrastructure
only reaches certain points of presence in the li@wk network. These points of pres-
ence are intersection points where entrants haed @ata transmission to the incum-
bent. Mandated wholesale broadband access usedcnisidered to create competition
in the broadband market since market entrants cofféd products on the retail market
without owning infrastructure that actually conrgettt end-users. Over the last several
years, however, market entrants have increasingtuib to invest in their own infra-
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structure. Their own networks typically expand utiie exchange where they connect
to the copper-based local loops that link everynpse to the exchange, a process
known as local loop unbundling (LLU). The local psoare owned by the incumbent,
who is required to grant access on regulated dondit The infrastructure-based com-
petitors thus can offer not only services to eneksisbut also wholesale broadband ac-
cess. Copper-based local loops are viewed as anteddacility and the regulation of
access to them is not under debate. Deregulatiaheo'WBA market, in contrast, has
been widely discussed throughout Europe, at leasareas with increasing infrastruc-
ture-based competition (OECD, 2010; Kiesewettet, 120

2.2. The Process of Local Deregulation in the United Kingdom

In the United Kingdom, the WBA market used to bgutated on a national basis, but in
2008, geographically differentiated regulation lué ¥#WBA market came into effect. The
European Commission supported Ofcom’s decisionesexcante regulation should be
relaxed when infrastructure-based competition besosufficiently developed (EC,
2007).

British Telecom’s local exchange areas were chasethe relevant geographical unit.
Broadband service providers make their supply afrdstructure investment decisions
at the exchange level, since each exchange cowstaan geographical area and there-
fore defines the local customer base. Ofcom groafleeikchange areas into three cate-
gories based on their competitive situatioBategories 1 and 2 remain regulated, but
the incumbent British Telecom was released fronuleggn in Category 3 areas.

Category 1 is comprised of exchange areas whetisiBiielecom is the only operator.
Category 2 contains exchange areas in which sormpeiition has developed. These
are exchange areas with two or three relevant cbropse— so called “Principal Opera-
tors” (POs) - actually present or forecast to heAdso in Category 2 are exchange areas
with four relevant competitors, which includes doescast competitor (i.e., three are
actually present), but that serve less than 10fd@thises. Besides British Telecom and
Virgin Media (the cable operator), six LLUs withnational coverage of more than 45
percent of U.K. premises were considered to bevaglecompetitors.Exchange areas
with four or more relevant competitors and exchaagas with three relevant competi-
tors and at least one more forecast, but that saore than 10,000 premises, form Cat-

2 In addition, a fourth market was defined in theltémea, where KCOM, a local provider, was the only
operator. This area contains 14 exchange serversarers 0.7 percent of U.K. premises. Due to data
limitations, exchanges owned by KCOM are excludedfthis analysis.

% These are Sky, 02, Orange, Cable&Wireless, Tisaali the TalkTalk group. Virgin Media counts as a
relevant competitor if its coverage of premisethm respective market is at least 65 percent.



egory 3. Table A3 in the Appendix summarizes thieeiga underlying the deregulation
decision in 2008.

In its 2010 revision of WBA market regulation, Ofeaconsidered the 10,000 premises
rule redundant and introduced a new criterion fenedulation. In addition to the num-
ber of relevant competitors, British Telecom’s nwrkhare had to be lower than 50
percent, the standard threshold at which significaarket power can be assumed ac-
cording to Commission guidelines (Ofcom, 2010). [€ad4 in the Appendix summa-
rizes the criteria underlying the 2010 market dgtins. Figure 2 shows the geograph-
ical distribution of deregulated exchange areatenUnited Kingdom as of 2010, map-
ping exchange areas that were deregulated in 2002@10.



Figure 1: The Structure of the WBA Market
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Figure 2: Geographic Distribution of DeregulatedcEange Areas in the United Kingdom

e Markets 1 and 2 (regulated)
e Market 3 (deregulated)

Source: own representation based on Samknows data

3. Exchange-L evel Data and Regional Characteristics

Our data are from the Internet platform Samknowspgfor-profit website that was

originally founded to provide broadband speed tasthe general public. The website
provides comprehensive information on the local gettive environment, such as the
LLU operators present in an exchange, the enaldeldnblogies that determine the
broadband speed, and the number of premises sbywad exchange. The website is
continuously updated and we observe cross-sectiorfsnapshots” of all 5,598 ex-

change areas at two points in time, December 288 Navember 2012.

Our measure for infrastructure investment by tloeinbent’s competitors is the number
of LLU operators present in an exchange. TablerAtheé Appendix lists the LLU oper-

ators along with their national coverage in botarge The list of LLU operators in the

U.K. market is not fully congruent over time duetbhe highly dynamic nature of the
broadband market. The six largest firms in term@nbhstructure coverage were con-
sidered relevant competitors in 2007 and are relef@ the deregulation process. In
2012, there were in effect only four operators2010, the relevant competitor Orange
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handed its LLU network back to BT. In the same y#a& relevant competitors Tiscali

and TalkTalk merged. Despite this fact, Samknowisreports the two firms separately

and so we observe them as separate LLUs. Our neefsuthe incumbent’s infrastruc-

ture investment is a binary indicator that takesvthlue 1 when optical fiber (the “next
generation access” or “FTTC” technology) has beassbked by the incumbent British

Telecom or will be enabled in the exchange by 2@&E3Table 1 shows, in 2007 none of
the exchange areas had FTTC, since the technoladybt yet been introduced to the
broadband market. By 2012, 25 percent of excharggsaad this infrastructure or had
it installed in the near future. Table 1 furtheveals that the number of LLU operators
present in an exchange area increased considdrably on average, 1.24 LLU opera-
tors in 2007 to 1.80 LLU operators in 2012. Theumbent BT and the cable operator
Virgin Media count as POs, but they are not consdle@as LLU operators and conse-
quently are not included in these numbers.

Table 1: Descriptive statistics of exchange- anddwavel characteristics, by year

2007 2012

mean std. dev. mean std. dev.
Exchange-level characteristics
# of exchange areas 5,598 5,598
# LLU operators 1.24 (2.27) 1.80 (2.57)
FTTC enabled 0 0) 0.25 (0.44)
Deregulated 0 0) 0.28 (0.45)
# of premises 4,852.03 (6,984.94) 4,852.03 (6,984.9
Broadband via cable available 0.24 (0.42) 0.24 0.4
Ward-level characteristics
Population share working age 0.60 (0.05) 0.62 50.0
Population density (per km?) 956.10 (1,997.30) 984. (2,064.33)
Claimant count share (working age) 0.02 (0.01) 0.03 (0.02)

Note: Standard deviations (std. dev.) in parenthese

We also obtain our main explanatory variable—the AMieregulation status—from
Samknows. Each exchange is assigned to one of the thredategumarkets. In 2008,
1,193 out of 5,598 exchange areas were deregulafest. Ofcom’s 2010 revision, an-
other 348 exchange servers were deregulated, séven were reregulated. Overall, 28
percent of exchange areas were deregulated in 2@1iéh corresponds to 78.2 percent
of U.K. premises.

* Since we base our estimates on data from Samkaodsot from Ofcom directly, small deviations
from the figures published in Ofcom (2008, 20103wc



We derive cable operator presence in the excharege feom Samknows in order to
account for composition of the local infrastructemmpetition. Even though cable op-
erators do not offer WBA services during the perajdanalysis, they exert indirect
competitive pressure via the retail market. Broadbaonnections realized via cable
infrastructure are in direct competition with FTTi@es since they offer similar broad-
band speeds. Lastly, we obtain from Samknows #reedithe local market an exchange
serves, reported as the number of premises comhextihe exchange. The number of
premises comprises all residential as well as comialgpremises connected to an ex-
change.

Samknows reports the exchange areas’ geographatidas via their postcodes. With
this information we are able to geo-code the exghareas and assign them to wards.
We thus merge the exchange-level data with regiohatacteristics at the ward level.
The information on ward boundaries in Great Britésnfrom Edina (2012); ward
boundaries for Northern Ireland are made avail&ble the Northern Ireland Statistics
and Research Agency (2012&s of 2011, the United Kingdom had 9,523 electoral
wards with an average population of 5,500. The wgrage population and the claim-
ant count serve as proxies for local income andashehfor broadband, respectively.
Population density is a measure for supply sincedicates the unit costs of providing
broadband. In densely populated areas, a provatereach a larger customer base with
the same amount of infrastructure investment thaan in a sparsely populated area.

The working-age population is defined as the pdpmrashare of the male inhabitants
aged 1664 and the female inhabitants aged 16-egful&ion density is calculated as
ward inhabitants per km2. The population data &tained from the U.K. national sta-
tistical offices: the Office for National Statissiq2012), which covers England and
Wales, the Scottish Neighborhood Statistics (20a8) the Northern Ireland Statistics
and Research Agency (2012b). The claimant couribtgined from NOMIS (2012), the
Office for National Statistics’ database on U.Kdeilabor market statistics. This meas-
ure is available at the ward-level and counts themployed people claiming Jobseek-
er's Allowances in a particular month. We constriln annual average, which is ex-
pressed as the share of claimant count in the wgr&ge population. Descriptive statis-
tics for these variables are reported in Table 1.

4. The Effect of Local Deregulation on I nvestment Behavior

4.1. Estimation Strategy and Sample Restriction
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We estimate the effect of local deregulation of Brggish WBA market on the invest-
ment behavior of both the incumbent and its compmatiin a first-difference model
conditional on initial exchange and ward charast&s:

AY;2007-12 = a + BDi,2008/10 + Xi2007Y" + AXi2007-12K +& (1)

AY is the change in the outcome of interest betw284¥ (i.e., before deregulation) and
2012 (i.e., after deregulation). Our outcomes dérest are the development of the
number of LLU operators in the exchangand the incumbent’'s FFTC status, both of
which serve as indicators of the intensity of isfracture-based competition in the re-
spective exchange areas. D is a dummy variableethsdls unity if the exchange is no
longer regulated in 2008 or 2010. X is a matrberthange characteristics (number of
premises, number of LLU operators, and cable pre=eand local characteristics at the
ward-level (working-age population share, populatiensity, claimant count popula-
tion share, dummies for England, Wales, Scotland, Morthern Ireland) in 2007. We
control for these initial values to account for fhaet that regulated and deregulated ex-
change areas were already different before dereguland thus might exhibit differing
trends even if deregulation had not taken placeekample, with the unbundling of the
local loop in the United Kingdom in 2001, all exdlga areas started without LLUs. By
2007, some areas had achieved a considerabledéeempetition and therefore were
deregulated, whereas other areas experienced npetition. Therefore, the matrix X
also contains the “number of LLU operators in 20Q is a matrix of all local charac-
teristics at the ward level expressed in changeésdss 2007 and 2012.is an error
term.

B is the coefficient of interest. It gives us the@sation between local deregulation and
either the number of LLU operators present in tkehange or the FTTC status of the
incumbent conditional on initial values of excharagel (changes in) ward characteris-
tics. The effect of local deregulation is estimatedsistently under the assumption that
investments at regulated and deregulated exchaegs aould have developed in par-
allel in the absence of deregulation given theiahstructural differences. To ensure
comparability between regulated and deregulategisaregarding their characteristics in
2007, we also estimate our model for subgroupxo@nge areas that are very similar
in their initial conditions.

Figure 3 shows the probability of an exchange beiegegulated based on number of
premises served. The figure indicates that if tkehange has less than 2,000 premises,
its probability of being deregulated is practicatlgro, whereas if it serves more than
23,000 premises, the probably is unity. In contrast find strong variation in the prob-
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ability of local deregulation of the WBA market fekchange areas having a number of
premises served that falls between these two val¥esthus restrict our analysis to
those 2,276 exchange areas that serve between&)ddB,000 premises.

Table 2 shows descriptive statistics for the exgkaareas included in our analysis. De-
scriptive statistics are reported before deregutatook place in 2007, and by regulato-
ry status in 2008/2010. Out of the 2,276 exchamgasa 928 (41 percent) are deregulat-
ed by 2008/2010. The table reveals that regulatedderegulated exchange areas are
not directly comparable due to large structurafedénces between them that already
existed before deregulation. Deregulated exchanggsaserve on average about 8,000
premises more than regulated exchange areas! buotigetition is more pronounced in
deregulated exchange areas than in regulated eyelaeas as deregulated exchange
areas initially have, on average, 4.17 LLU opematapre than regulated areas and they
are located in denser wards than are regulatechegehareas.

Figure 3: The Probability of Deregulation by Pressis

P(deregulated)
.6
|
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1
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Table 2: Descriptive statistics in 2007, by reguigtstatus

regulated dereg. |difference|

Exchange-level characteristics

No. of exchange areas 928 1,348
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No. of LLU operators 0.09 4.26 4.17%*

No. of principal operators 1.13 5.29 4.16***
FTTC enabled 0 0

No. of premises 3,832.80 11,790.90 7,958.1%**
Cable via broadband 0.16 0.70 0.54***

Ward-level characteristics

Population share working age 0.59 0.62 0.03***
Population density (per km2) 587.7 2,705.4 2,11 7*
Claimant count share (working age) 0.015 0.024 @00

Notes: Descriptive statistics for exchange aredk 24000 to 23,000 premises. ***
p<0.01.

4.2. The Effect of Local Deregulation on Investment

Table 3 shows the results for our first-differespecification. The first column reports
results for changes in the number of LLU operatomd the second column for the
FTTC status of British Telecom. Both regressiondude the initial number of LLU
operators, the number of premises served by thbagge, and cable presence. This
information is from the year 2007. We also includard characteristics for the year
2007 and changes in ward characteristics from 20@0D12. Robust standard errors are
reported in parentheses. The results suggestahatyerage, deregulated exchange are-
as have 1.1 (rounded) LLU operators more than edgdlexchange areas. FTTC rollout
IS on average 26.2 percentage points more liketienegulated exchange areas.

The control variables have the expected signs aghitudes. The initial value of LLU
operators is negative in Column (1), which mighdicate a saturation effect: with an
increasing amount of initial infrastructure-baseamgetition, it is less profitable for
additional competitors to become LLUSs. In contréts, effect is positive in Column (2),
which denotes the incumbent’s reaction: in regioith a priori well-developed infra-
structure competition, BT is more likely to invéstFTTC. This infrastructure upgrade
might be a reaction to increased competition fromltLUs since BT can use FTTC to
differentiate itself from its competitors by offieg a higher quality product (in terms of
bandwidth). As expected, the cable variable is tregan both estimations. In areas in
which broadband is already available via cable, ldgérators and the incumbent find it
less economically worthwhile to invest. In a sertibe,cable variable could be interpret-
ed as reflecting the cable operator’s first-mowdvamtage. Finally, the premises varia-
ble clearly reveals that broadband provider investinis driven by local demand as they
are more likely to invest in larger markets.
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Table 3: Basic results

1)

()

®3)

(4)

ALLU AFTTC ALLU AFTTC
Deregulated (in 2008 or 2010) 1.055*+* 0.262*** 1.199*** 0.199***
(0.072) (0.028) (0.096) (0.035)
# LLU (in 2007) -0.476*** 0.04 1%+
(-0.023) (0.007)
LLU dummies (in 2007) yes yes
Broadband via cable (in 2007) -0.168*** -0.117%** -0.191*%*  -0.102***
(-0.051) (-0.021) (-0.053) (-0.022)
Premises (in 1,000s) 0.079*** 0.023*** 0.079*** 0.023***
(0.009) (0.003) (0.009) (0.003)
ARegional characteristics yes yes yes yes
Regional characteristics in 2007 yes yes yes yes
Country dummies yes yes yes yes
# of exchanges 2,276 2,276 2,276 2,276
R-squared 0.333 0.394 0.348 0.4

Notes: First-differences estimations on the exchalegel. Exchange areas with 2,000 to 23,000
premises are included in the regressions. Coludnand (4) include a full set of dummies for every
starting value of LLU operators. Robust standardrsrin parentheses. *** p<0.01, ** p<0.05, *
p<0.1.

To this point, we have imposed a linear relatiopdbetween the outcome of interest
and the initial exchange and ward characterisiibss assumption of linearity between
the outcome of interest and the initial exchange \aard characteristics becomes espe-
cially hazardous when we estimate the effect orcti@nge in the number of LLU oper-
ators and additionally control for the number ofllbperators in 2007. Our specifica-
tion implies that an increase in the initial numbél.LU operators from, e.g., one to
two operators will have the same effect on chamgelse number of LLU operators as
would an increase from four to five initial LLU of@gors.

To see whether this may affect our results, we reak the assumption of a linear rela-
tionship between the outcome of interest and thmliexchange characteristics. We do
this by replacing the initial number of LLU operegon our basic regressions with a full
set of dummies for every starting value of LLU aers. The results are shown in Col-
umns (3) and (4) of Table 3. Deregulated exchamgasa on average, now have 1.2
LLU operators more than regulated exchange aréeBBECFollout is on average 19.9

percentage points more likely in deregulated exghaareas. The estimated effects of
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local deregulation are comparable to the effeatsdioin the first specification, indicat-
ing that the functional form of the first specifian does not compromise the validity of
our results.

4.3. Ensuring Compar ability Between Regulated and Deregulated Exchange Areas

To better compare regulated and deregulated aeg@asding their initial situations, we
now create subsamples of regulated and dereguatdthnge areas, for each of which
the two areas have very similar initial conditio@sur first subsample consists of regu-
lated and deregulated exchange areas that arestistttwins” in terms of their ward
characteristics. Statistical twins are matchediguihe propensity score matching meth-
od, on working-age population share, populatiorsdgnand claimant count population
share. As a nonparametric estimation techniqugemsity score matching allows us to
impose a common support in the sample. With comeupport, only exchange areas
with similar propensity scores, i.e., with simijaobabilities of deregulation, are com-
pared with each other. The results are shown iHeTakand suggest that deregulated
exchange areas have, on average, between 0.84%nHLAJ operators more than regu-
lated exchange areas, depending on the matchiogtalg. FTTC rollout is on average
between 14.3 and 23.3 percentage points more likelyeregulated exchange areas.
Overall, the matching only slightly decreases tregnitude of the deregulation effects
presented in Table 3, suggesting that differenoasitial ward characteristics, which
are the basis of our matching approach, do nobristr results.
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Table 4: Propensity score matching

1-to-1 w/out replacement 1-to-1 with replacement 5-n-n with replacement Kernel (Epanechnikov)

1) 2 3) 4) ) (6) ) (8)
ALLU AFTTC ALLU AFTTC ALLU AFTTC ALLU AFTTC
Deregulated (in 2008 or 2010) 0.949%** 0.233*** 0.877**= 0.154%** 0.875*** 0.143*** 0.841*** 0.144%*=
(0.065) (0.027) (0.077) (0.033) (0.07) (0.029) (0.066) (0.028)
# LLU (in 2007) -0.466%** 0.051%** -0.458*** 0.051%** -0.439*** 0.054%** -0.431*** 0.050%**
(-0.017) (0.007) (-0.018) (0.008) (-0.016) (0.007) (-0.016) (0.007)
Broadband via cable (in 2007) -0.172%=*  -0.114*** -0.172%*= -0.065** -0.159***  -0.072*** -0.125** -0.081**=*
(-0.052) (-0.022) (-0.06) (-0.025) (-0.054) (-0.023) (-0.052) (-0.022)
Premises (in 1,000s) 0.093*** 0.017%** 0.075%*= 0.012%* 0.071%** 0.012%** 0.069*** 0.013**=
(0.008) (0.003) (0.007) (0.003) (0.006) (0.003) (0.006) (0.003)
ARegional characteristics yes yes yes yes yes yes yes yes
Regional characteristics es es es es es es es es
(in 2007) Y Y/ Y/ Y Yy Y Yy Y
Country dummies yes yes yes yes yes yes yes yes
# of exchanges 1,854 1,854 1,581 1,581 1,932 1,932 2,148 2,148
R-squared 0.294 0.408 0.31 0.304 0.294 0.317 0.275 0.305

Notes: First-differences estimations at the exckdagel. Columns (1) and (2) report results for-tmene nearest neighbor matching without replacgn@olumns
(3) and (4) report results for one-to-one neareghbor matching with replacement. Columns (5) é)dreport results for five-nearest neighbor matghiith re-
placement. Columns (7) and (8) report results fmn&l matching with Epanechnikov kernel. Propensiiygre matching is based on ward characteristi@)ay.
Only exchange areas with 2,000 to 23,000 premisemaluded in the regressions. Robust standaoidseim parentheses. *** p<0.01, ** p<0.05, * p<0.
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Our second subsample approach concentrates orbihexthange areas with three or
four POs present in 2007. These exchange areamamgarable in terms of their initial
competitive situation but differ in the probabilitf being deregulated according to
Ofcom’s rules. Note that in 2008, Ofcom deregulatety those exchange areas with
four POs or exchange areas with three POs if at @& more PO was forecast and the
number of premises served by the exchange is griete 10,000. The results of this
subsample estimation are shown in Columns (1) 2pdf(Table 5. On average, deregu-
lated exchange areas have 0.61 LLU operators niname tegulated exchange areas.
FTTC rollout is on average 17.1 percentage poirdggerlikely in deregulated exchange
areas.

Even though in the subsample of exchanges witletardour POs in 2007 deregulated
and non-deregulated exchanges are comparablemis w@rinitial competitive situation,
they might still differ in terms of market size. l@gulated exchange areas serve on av-
erage larger markets. Therefore, in a next stepesteict the sample of exchanges with
three or four POs in 2007 to exchange areas sefgimgr than 10,000 premises so as to
achieve better comparability between regulated @er@gulated exchange areas. The
results are shown in Columns (3) and (4) of Tabladain, deregulation shows a posi-
tive effect, and the coefficients are significanttee 5 and 10 percent level for the num-
ber of LLU operators and FTTC deployment, respetyivThe effect on the number of
LLU operators decreases to 0.42, while the effecE®TC deployment remains rela-
tively stable and decreases only slightly to 1@&fcentage points.

The results in Table 5 imply that controlling fdretinitial competitive situation in an

exchange area is not sufficient to guarantee thidityaof the common trend assump-
tion when considering the effect on BT’'s compefitdRestricting the subsample to ex
ante more similar exchange areas thus provides onedgble estimates of the deregula-
tion effect.

4.4. Removing Principal Operator Forecasts

The last subsample is interesting from anotherpsets/e, too: in its deregulation deci-
sions, Ofcom considers unobserved forecasts o€ipahoperators’ future investments.
Thus, our estimation results of the effect of datagpon on the number of LLU opera-
tors might simply reflect, to some extent, Ofcorftsecasts as a self-fulfilling prophe-
cy: that is, an exchange area is expected to hayasiéive development in the future
and is consequently deregulated. If the expectedsiments occur in the future, they
will be attributed to deregulation in the resultegented in the previous section, even
though they would also have occurred in the absehderegulation, giving rise to en-
dogeneity bias of the deregulation coefficient.
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To distinguish between the effect of deregulatiod these forecast effects, we use the
fact that Ofcom incorporated the criterion that lexage areas had to exceed 10,000
premises for deregulation in 2008, but then dispeénsith this requirement in 2010.
This change leads to the situation that in our aoipde of exchanges areas with three or
four POs and less than 10,000 premises, 120 premwaee deregulated in 2008 because
they had four POs. Out of the remaining 221 exchargas that were not deregulated
by 2008, 179 were deregulated in 2010. Since th@0DOpremises criterion was
dropped, these areas could be deregulated in 2Qt8yi initially had three POs and at
least one additional PO forecast. The remainingxthange areas were not deregulat-
ed. These areas had three POs present and no &@dbrTo disentangle the forecast
effect from the deregulation effect, we estimafgasate effects for exchanges that were
deregulated in 2008 and those deregulated in ZDM®binary variable for deregulation
in 2008 captures the pure deregulation effect, edmethe indicator for deregulation in
2010 captures both effects. The difference betwkertwo estimators is thus the fore-
cast effect.

The estimates are shown in Column (5) of Tabledbiamply, as expected, that the pure
deregulation effect from 2008 is smaller than teengate from 2010 that captures both
effects. According to our point estimates, upomg@eileregulated, an exchange area
gains 0.22 additional LLU operators, whereas thedast effect is about 0.24 LLU op-
erators, the difference between the two coeffisieAt 340 observations, the sample is
unfortunately small and therefore the point estewaif the deregulation effect as well
as the forecast effect—even though economicallyontamt—are not statistically signif-
icant on conventional levels.
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Table 5: Subsamples based on deregulation rule

3 and 4 relevant competitors 3 and 4 relevant competitors in 2007 &
in 2007 premises < 10,000
1) 2 3 4 ()

ALLU AFTTC ALLU AFTTC ALLU
Deregulated (in 2008 or 2010) 0.610*** 0.171** 0.415** 0.161*

(0.191) (0.077) (0.196) (0.084)
Deregulated (in 2008) 0.216

(0.253)
Deregulated (in 2010) 0.456**
(0.193)

# LLU (in 2007) -0.463*** 0.059** -0.386***  0.077** -0.318***

(-0.086) (0.03) (-0.085) (0.037) (-0.109)
Broadband via cable (in 2007) -0.183 -0.156** -0.122 -0.121* -0.054

(-0.169) (-0.064) (-0.181) (-0.073) (-0.19)
Premises (in 1,000s) 0.127*** 0.027*** 0.265*** 0.029 0.273***

(0.022) (0.005) (0.045) (0.018) (0.045)
ARegional characteristics yes yes yes yes yes
Regional characteristics (in 2007) yes yes yes yes yes
Country dummies yes yes yes yes yes
# of exchanges 451 451 340 340 340
R-squared 0.248 0.222 0.264 0.195 0.211

Notes: First-differences estimations at the exghdevel. Columns (1) and (2) report results f& slibsample of ex-
changes with three or four principal operatorsd@2 Columns (3) to (5) report results for the sulygle of exchanges
with three or four principal operators in 2007 &esk than 10,000 premises. Robust standard errgraréntheses. ***
p<0.01, ** p<0.05, * p<0.1.



5. Conclusion and Outlook

This study provides first empirical evidence on tékationship between local deregula-
tion and subsequent competitive development inWH2A market. Although to date

theoretical predictions about competition-relatezslvelopments in deregulated local
markets have been unclear, our findings shed smhtdn this “black box.” Our esti-

mates imply that local deregulation of the U.K. WB#arket has a positive effect on
infrastructure-based investment by both the incurhbed its competitors. Upon being
deregulated, every exchange gains at least 0.2&icwd LLU operators. Moreover,

after deregulation, the probability that the incembrolls out FTTC infrastructure in-

creases by at least 16.1 percentage points.

We cannot observe counterfactual outcomes, i.e.davaot know with certainty how
deregulated markets would have developed in theralesof deregulation. But given
that our first-difference approach accounts foretimvariant exchange area characteris-
tics, and that we also control for initial pretreant conditions in 2007, we are confi-
dent that our results reflect the counterfactutdatfvery well. This is corroborated by
the fact that we find positive effects of deregalatin all subsamples and for all alter-
native specifications. In addition, our LLU openra&stimates are not confounded with
forecast effects that would bias our results.

These findings have important policy implicatioiitie data reveal no negative effects
on infrastructure-based competition in responsgetegulation of competitive areas. On
the contrary, our study shows that deregulatedsagghibit even higher levels of com-
petition after deregulation. This finding shouldtigate, at least to some degree, regula-
tor concerns that competition will weaken when cetitjye exchange areas are deregu-
lated.

Debate over the pros and cons of local deregulatfadhe WBA market is a recent de-
velopment. We chose to study the effects of loea¢dulation of the British WBA mar-
ket because the United Kingdom was the first cqutatttake this step. This allows us to
study the medium-term effects on the investmentbien of British Telecom and its
competitors. We are confident, however, that thects are generalizable to other coun-
tries. It is beyond the scope of our analysis talgtlonger-term effects such as how
increased infrastructure-based competition willeetff consumer prices and choice.
Studying these effects provides a fruitful aventifugher research.
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Appendix

Table Al: NRAs’ requests for geographic differetitia of the WBA market

Criteria for deregulation UK PT DE AT ES
Unit of (de)regulation exchange areas?l ;(ggsnge exchange areas exchange areas exchange areas
Market size (premises) golooéooon?y()m - > 4,000 households > 2,500 > 10,000 households
Market share incumbent <50% (2010) <50% < 50% < 50% <50%
No. of relevant operators* > 4 >3 >4 >4 >4
(min. 1 LLU, (2 LLU + 1 cable
1 cable) or 3LLU)
Cable > 65 % cov. > 60 % cov. No yes > 60 % cov.
* incl. incumbent
EC (or NRA) notification
Status approved approved rejected by NRA rejected by Admin. r“esjg::it)eudsbdyoﬁkc):ts”
(Feb. 2008) (Jan. 2009) (2009) Court (Dez. 2008) (Nov. 2008)
Reasons for reiection national scope of mar- national scope of national scope of mar-
! ket market ket
removal of exchanges WBA < 30 Mbit

(future development
unknown)

LLUs’ usage of own
WBA is counted

Note: Apart from Germany and Austria, all countridRAs filed notifications for geographic segmeidatwith the EC, which were rejected or approved
by the Commission. NRA= National Regulatory AuttgriJK = United Kingdom, PT = Portugal, DE = GermngalAT = Austria, ES = Spain,
FI = Finland, PL = Poland, RO = Romania, CZ = CzRelpublic. Sources: Bundesnetzagentur (2010); BG8[2, 2008c, 2008d);

Ofcom (2008, 2010).
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Table A2: NRAS' requests for geographic differetitia of the WBA market, continued

Criteria for deregulation FI PL RO Ccz

Unit of (de)regulation exchange areas Municipalitie municipalities

Market size (premises) - - -

Market share incumbent < 50% < 40% market traditionally <40%
unregulated

No. of relevant operators* > 3 >3 > 3 (competing
(or 2 +1 BWA) (retail level) infrastructures)
Cable yes no yes

* incl. incumbent

EC (or NRA) notification

rejected by EC rejected by EC acknowledaed by EU in rejected by EC
Status “serious doubts” (Jan. “serious doubts” (Apr. 2010 9 y “serious doubts” (Aug.
2009) 2012) 2012)
I national scope of mar- national scope of mar- municipalities do not
Reasons for rejection
ket ket reflect local markets
differing infrastructures
not sufficient for com-
“structural” indicators “structural” indicators petition
no cost orientation for
FTTC

Note: Apart from Romania, all countries’ NRAs filedtifications for geographic segmentation with @, which were rejected or
approved by the Commission. NRA= National Regujatauthority; UK = United Kingdom, PT = Portugal, DEGermany, AT = Austria,
ES = Spain, FI = Finland, PL = Poland, RO = Roma@ia = Czech Republic. Sources: EC (2008e, 20102202012b).



Table A3: Summary of the WBA market definitions®fcom in 2008

Market

Description Exchanges

Coverage

Market 1

Market 2

Market 3

those geographic areas covered by exchange areas 3,658
where BT is the only operator

those geographic areas covered by exchange areas

where there are 2 or 3 principal operators present

(actual or forecast) AND exchange areas where there 747
are forecast to be 4 or more principal operatots bu

where the exchange serves less than 10,000 premises

those geographic areas covered by exchange areas

where there are currently 4 or more principal 1,193
operators present AND exchange areas where there ar

forecast to be 4 or more principal operators but

where the exchange serves 10,000 or more

premises

16.4%

16.8%

66.8%

Source: Ofcom (2008, p. 29); own calculations Hase Samknows data.

Table A4: Summary of the WBA market definitions®fcom in 2010

Market

Description Exchanges

Coverage

Market 1

Market 2

Market 3

exchange areas where only BT is present or forécast 3,396
be present

exchange areas where two principal operators a&e pr

sent or forecast AND exchange areas where thrae pri 661
cipal operators are present or forecast but whars B

share is greater than or equal to 50 percent

exchange areas where four or more principal operato
are present or forecast but where BT's share $sthen 1,541
50 percent

11.2%

9.9%

78.9%

Source: Ofcom (2010, p. 14); own calculations Hase Samknows data.
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Table A5: Development of local loop unbundlersamen 2007 and 2012

2007 exchanges enabled  premises covered 2012 exchanges enabled premises covered
(in 1,000s) (in 1,000s)
TalkTalk 1,515 19,913 (Orange no longer LLU) n.a an.
Sky 1,146 17,683 TalkTalk 2,537 24,759
AOL 1,036 16,490 Sky 1,952 22,869
Orange 940 15,115 02 1,265 18,283
02 819 13,374 AOL 1,252 18,802
ce&w 793 13,911 Tiscali 947 15,459
Tiscali 569 9,793 ce&w 942 16,080
Pipex 99 2,113 Pipex 132 2,627
Node4 4 79 Edge 38 526
Zen 4 120 Digitalregion 36 504
Newnet 3 88 Entanet 20 306
Smallworld 3 45 Newnet 11 301
WBI 1 23 Lumison 5 56
Edge Telecom 1 1 Rutland 5 23
Node4 4 79
Zen 4 146
Smallworld 3 45
Kingston 2 8
WB 1 23

Note: LLU = local loop unbundler; PO = principaleyator. Source: Own calculations based on Samkdates Premises covered describes the

potential number of premises a LLU operator coelds given the market size of the local exchandesraithe LLU operator is present.
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