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Abstract

Increasing numbers of countries require mobileptedme networks to offer mobile number portability
(MNP). MNP allows customers who wish to switch ni@loperator to keep their mobile numbers,
avoiding the costs of switching to new numbdes. anteassessments suggest that MNP should
reduce switching costs and strengthen competitiorihis paper, we test MNP’s impact on market
outcomes using international time-series crossesedata. We find that MNP reduces average prices
and encourages churn (a proxy for switching) winenstwitching process is rapid (e.g. less than 5
days) but not when it is slower.
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1. Introduction

Increasing numbers of countries require mobileptedme network operators to offer
mobile number portability (MNP). This facility allvs customers who wish to
switch mobile operator to keep the mobile numbeigmally assigned to them,

avoiding the costs of switching to new numbers.

Since MNP regulation was first mooted, policymakesase asked whether it can
produce positive net benefitEx anteevaluations of MNP carried out in several
countries have produced detailed estimates of ¢éap@osts and direct benefits (e.g.
the savings accruing to customers from lower switglcosts). While researchers
have suggested MNP should have a range of potigntigdortant effects, such as
strengthened competition and reduced prices (sebl8y Dewenter and Haucap
(2006) for a recent discussion), few attempts Hmen made to quantify theex

post

The staggered introduction of MNP internationaltg\pdes a useful natural
experiment. In this paper, we use econometricyargabf international time-series
cross-section data to estimate the average treatffents of MNP on retail prices
and switching by customers. The dataset constidotethis purpose includes

information from up to 38 countries for 22 quartér® 1999 through 2Q 2004).

We find that the quality of MNP, as proxied by theget maximum porting time,
helps explain its impact on switching and averaggep. For countries in our
sample that required porting to be completed ia v fewer days, MNP was
associated with increased customer switching awdr@rices. The sub-sample of
countries with less stringent porting time standaxperienced no significant churn

or revenue effects.
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The costs associated with the MNP service depend tige technology used to
deliver it (Buehler, Dewenter and Haucap, 2006)e Technology, in turn,
determines the “quality” of MNP, including dimensgsuch as porting time and
reliability. Previous research, e.g. Gans, Kind #oodbridge (2001), has
emphasised the importance that the choice of nupdréability technology has in
determining the likely effects of the measure. @sults provide empirical support
for this view. Jurisdictions conductimx anteassessments of MNP in the future
should consider the likely trade-off between acimg\positive market outcomes and

cost of implementation.

Section 2 of the paper provides a brief classifbcaof the potential benefits of MNP
and refers to some previous research, including é@otintecost-benefit studies and
other empirical research. In Section 3, we asktwffacts MNP should be expected
to have on consumer switching behaviour and pridéee dataset constructed for
this study is described in Section 4, along witmealescriptive statistics. Sections 5
and 6 set out econometric models of switching atailrprices, respectively, and

Section 7 discusses our conclusions and suggestiohgure research.

2. Potential Benefits of Mobile Number Portability

To provide context for the empirical analysis tfwdliows, in this section we briefly
review some relevant empirical research. This istssfex antecost benefit
analyses conducted on MNP by regulators and a rmadesber ofex postmpirical
studies. Existing theoretical research on mohilalper portability was recently
surveyed in Buehler and Haucap (2004), but tofgléerminology used in the
remainder of the section, it is worth restatingstendard classification of number

portability benefits.
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2.1 Classification of benefits

A commonly-used approach to analysing the likelsts and benefits of MNP
divides the measure’s potential benefits into thypes® Type 1 benefits obtained
directly by customers who switcliype 2 benefits obtained by all mobile telephony
customers (e.g. efficiency gains and price reduastiue to strengthening of

competition) and’ype 3 benefits obtained by those making calls to ponta@ahbers.

Pastex anteevaluations have proceeded on the basis that MiN&l& be expected to
provide net welfare gains if the sum of these hi&nekceeds the cost of network
investments, process changes and operating expecse®d to make mobile
numbers portable. However, they have tended tosfoo the more empirically
tractable Type 1 and Type 3 benefits, giving leaplgasis to Type 2 benefits. In

Section 2.2 we review some of the results of tlesanteevaluations.

2.2 Ex-anteCost-benefit Analyses

Full mobile number portability (MNP) was first enogkd in Singapore in 1997, and
since then many countries have introduced this fornegulation. Several cost-
benefit analyses (CBAS) are available in publistoeoh, notably Oftel (1997) for the
UK, NERA/Smith (1998) for Hong Kong, and Ovum (20@@r Ireland. In Table 1
below, we summarise the estimated benefits peomestby type from each of these

studies.

! This framework was originally devised by NERA fite UK regulator OFTEL in a study of
geographical number portability: Monopolies and s Commission (1995), pp.58-59. See Oftel
(1997) for an early application to mobile numbertgbility.
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Table 1: Predictions from threeex ante assessments of MNP

Country UK Hong Kong Ireland

Base year 1997 1998 2000

Expected benefits per subscriber
Present value (in USD) of ten year impact dividggibbscribers in base year

Type 1 28 - 81 39-71 78
Type 2 n/a 1 26
Type 3 1-5 1-3 5

Sources: analysis of estimates in Oftel (1997), NBSR#th (1998) and Ovum (2000). Exchange ratedbase
year figures from IMF International Financial Ststics.

Type 2 benefits were viewed as difficult to estieyand since Type 1 benefits were
by themselves expected to be sufficiently highusiify the intervention, Type 2
benefits were either not quantified or subjectrity@imple scenario analysis. For
example, in the CBA for the Irish market, Ovum ased that MNP would lead to a
3% fall in retail post-pay mobile telephony prideSensitivity analysis was carried
out for reductions of 1% and 5%. Ovum also noted there might be benefits from

cost efficiencies or greater innovation, but thesee not modelled.

2.3 Other empirical research on the effects of MNP

The mainex postempirical work on MNP to date has focused on ttopensity of
those switching mobile provider to use MNP. Tkigarticularly relevant to the size

of Type 1 benefits as discussed above.

As part of a wider study of switching costs for thi€ Office of Fair Trading, NERA
(2003) examined the usage of MNP for inter-opersiatching in UK mobile
telephony markets. They found that in the firsh tears after MNP was introduced,
the usage of MNP was very limited for residentizdtomers, with only 12% of
customers that switched operator taking up theapdity option. This is far lower

than the rate predicted @x anteassessments. However, half of businesses who
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changed numbers in this period ported at least sirtieir numbers. NERA
suggested that the difficulty of using MNP durihg first years after implementation
may explain its unpopularity: porting a number oraly took an average of 25
days. When the delivery time was reduced to fiagscon average, take-up

increased to about 18% for residential customets8&8&s for businessés.

Looking beyond the propensity of switchers to ud¢Pithere has been little
previous empirical work on the broader effects diRMregulation. Ovum (2005)
examined the experience of MNP in six countries tlaae implemented it:
Australia, Germany, Hong Kong, Ireland, the Nethweds and the UK. Several of

their findings are relevant to this study:

* Usage of MNP can fall significantly if the timetétkes to change operator
(“porting time”) is too long. The authors suggesit two days is a practical
upper limit. However, very short porting timesmat necessarily increase

demand for MNP.

» High end-user charges for MNP can also deter ushtje facility. Lower
charges, which the authors suggest are levelssftltan 20% of monthly
average revenue per user, do not seem to be ar‘deterrent to usagé”.
However, zero charges do not seem to increase akbeyond the levels

associated with low charges.

* Injurisdictions with MNP, the extent to which sehing customers use it

varies widely and tends to increase over time.

2 Ovum (2000), pp.12-13.
¥ NERA (2003), pp.37-39.
4 Ovum (2005), p.1.
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There has also been a limited amount of acaders@areh on individual markets.
Below we cite two concerning MNP and one on nungaetability in a related

market.

Lee, Kim and Park (2004) used contingent valuatgahniques to estimate the
prospective demand for MNP in South Korea. Themtbthat the average South
Korean mobile user was willing to pay an averag8.2% of his or her monthly bill
for a mobile number portability option. Willingreeso pay (WTP) showed a strong
positive association with income, awareness of M&ifel, intention to switch. The
authors also found that WTP varied significantlpeleding upon a user’s network
operator: the figure was lower for customers ofitfoembent operator than those
using either of the alternative operators. Otle@ndgraphic variables such as age,

gender and occupation were not found to be sigmitic

A recentex poststudy of MNP’s effects also focuses on South Kor€en (2005)
estimated switching costs for customers of twdefdountry’s mobile network
operators by applying a random utility model tossr@ectional subscriber-level
microdata. The paper compared switching coststzkd using samples before and
after MNP, and differences between these estinvedes attributed to MNP.

Controls included firm-specific dummy variablesicps, non-price network
attributes and customer characteristics. The pagtenated that MNP reduced
average switching costs in South Korea by more 8%#°> Data reported in the
paper indicates that there was significantly meviching after MNP was

introduced, at least among customers of the lagstators. Service fees

maintained a downward trend of about 7% per anrmom £002-2005, with no

® Kim (2005), p.16.
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obvious change in relative or absolute pricesaipihint MNP was introduced for the
two largest operators (July 2003)Per-minute prices remained broadly unchanged

over the period.

Viard (forthcoming) examined the effect of numbertpbility on prices in the US
market for toll-free calls. This service is ditat from mobile telephony, but it is
similar in some respects (e.g. high rates of grwtBEstimating price regressions on
data from 219 AT&T virtual private network contrache found that introduction of
number portability was associated with price remunst of 4.4%. A control group of
contracts containing no toll-free services showedefationship between prices and
the introduction of number portability. Viard inpeeted the results as evidence of
an inverse relationship between switching costscamdpetition in this market:
“despite rapid growth in the market, the firms’eémtive to exploit their existing

‘locked in’ users was greater than their incentivdock in’ new customers+®

3. Likely effects of MNP on switching and prices

In this section, we outline the main effects thadremic theory suggests MNP

should have on switching propensity and retailg®ic

® |bid, Table 2.
"bid, p.11.
8 |bid, Figure 5.

° Note, however, that there are also important difiees between mobile telephony and toll-free calls
markets; in particular, mobile operators may besdblprice discriminate between new and existing
users. NERA (2003) noted that handset subsidieffact involve lower prices for new customers
than for existing ones; pp.30-31.

% viard (2004), p.25.
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3.1 MNP and consumer switching

Significant numbers of customers switch operatbsome point after their initial

acquisition of a mobile subscription. There akelly to be many reasons for such
switching, e.g. changes in individual demand pagieservice innovation, learning
by customers about the fit between their patterdeshand and operator offerings,

and changing price and quality propositions.

To the extent that the component of switching essbciated with changing one’s
telephone number is high enough to deter some mgstofrom switching operator
when they might otherwise have done so, MNP shyield a positive change in the
conditional probability of switching (holding otheariables constant). This effect
might be offset in whole or in part by operatoesactions, e.g. if operators respond
to MNP by reducing price dispersion. Neverthel®SP should have at least a

weakly positive effect on switching.

3.2 MNP and retail prices

The net effect of MNP on retail prices is in priplei indeterminate. Empirically, it is

likely to depend upon the interplay of three groapsffects:
« Pass-through of costs associated with the failigrease in prices);
» Effects on competition (probably a decrease ingsjicand
* Loss of customer information (increase in prices).

First, and most obviously, the implementation of poses costs on all operators
employing it. Depending upon the extent of contpetiin a given national market,
these costs are likely to be (at least partly) @éss to consumers and thereby lead
to increased prices. Some argue that this isyliteebe the main effect of number

portability, and hence that mandating it througlutation will lead to a net
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reduction in welfare; see, for example, Ellig (285 Aoki and Small (1999) also
address the welfare impact of switching cost redastdue to number portability.
They identify cases in which switching costs retu provided by number
portability (e.g. reducing the need to purchasemlementary goods such as
stationery) could be offset by higher marginal sasgtproviding call services,

leaving consumers with lower surplus.

Beyond the simple effect of increased direct cbsi® implementation of MNP,
theory is less definite about the effect of deaedaswvitching costs on prices. A
survey by Klemperer (1995) on the effects of constusaitching costs on
competition concludes that “switching costs gengralise prices and create
deadweight losses of the usual kind in a closegbpbly.”™? Buehler and Haucap
(2004) present a model focussing specifically onmMNat yields an overall
reduction in prices for customers but implies thateases for entrants’ customers
will be more than offset by decreases for incumiienistomers. The switching cost
literature also raises the possibility that a iimkbwitching costs could make it easier

to sustain tacit collusion , e.g. Padilla (1995).

The third group of effects concerns an informatiare@nnel through which MNP
may lead to increases in at least one componanbbfle telephony prices.
Depending upon how MNP is implemented, it may redihe tariff information
available to both fixed and mobile customers wighmmake calls to mobile
numbers. This effect is discussed in Buehler aadddp (2004) and Gans and King

(2000). Particularly if mobile termination rate® ainregulated and there is no

Y Ellig (2005), p.29.
2 Klemperer (1995), p.536.

10
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mechanism identifying the terminating operatordotecaller, such a decrease in

transparency could lead to higher prices for eathination.

4. Data employed

We have constructed an unbalanced time-series-sea$®n dataset that includes
most of the OECD and a selection of developing taes It is based principally on

the Merrill Lynch Global Wireless Matrix (Merrill ynch, 2004).

Although this source provides some data on 46 cms)there are many gapAlso,
we found that data for three countries, ChinaGhech Republic and South Korea,
contained implausibly large fluctuations in repdrgeibscriber numbers. As a result,
these countries were excluded from the dataset. aVhilable panel includes data on
38 countries (for churn modelling) and 37 count(fes price modelling). See Table

10 in the annex for details of the countries ardshmple coverage.

The data are quarterly, running for up to 22 quartiem 1Q 1999 through 2Q 2004,
and we omit the first two quarters to allow usaiffierenced and lagged variables.
Table 2 below lists the variables and provides samymatatistics. Figures in this
table and elsewhere in the paper are roundedée gignificant digits. Further

information on some of the variables is provideth& annex.

11
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Table 2: Variable descriptions, sources and summarsgtatistics (individual
observations are for countryi and quarter t in each case)

Churn model Price model
Variable Description Source Mean StDev| Mean StDey
= 1 if mobile number | See
MNP, portability in place at @ Table 10 in 0.285 0.452 0.240 0.428
any time in quarter the annex
Target maximum
MNPtime single line porting Ibid. 1.81 4.18 1.69 4.22
period (days)
If MNP =1 and
MNP5d, MNPtime<=5 then 1,  Ibid. 0.175 0.381 0.128 0.334
else 0
If MNP = 1 and
MNP6, MNPtime>5 then 1, Ibid. 0.109 0.312 0.112 0.316
else 0
RMNP, '(fl'/\,fﬂ’\,'\li;lﬁq;h:ge o | lbid. 0.390 1.94 | 0382  1.96
Monthly number of
disconnections from a Weighted avg.
network expressed as of individual
CHURN; % of MNQO's avg. Os’ data 0.0205 | 0.0102
subscriber base in the ?/IN s da
rom ML
same month. Quarterly
avg. of monthly rates.
Cellular density: Analvsis of
DEN; mobile users as a shareML y 0.534 0.298
of population
oPS Number of MNOs in = Analysis of 3.76 123 3.72 121
countryi ML
Real GDP per capita | See
RGDPPG (US$) the annex 17,400 . 12,300, 17,100 12,10
Weighted avg.
Average real revenue of individual
RPM; per minute for MNOs ) 0.198 0.0794
in countryi (US$)" MNOs' data
from ML
Monthly average
minutes of mobile Analysis of
TOTMIN: telephony traffic in ML 3,710 10,000
countryi (millions)
Population density: World Bank
PDNST population per Krh WDI (2004) 126 144
Herfindahl Hirshman
Index: Sum of the Analysis of
HHI;; squares of the market 3,790 976
ML
shares (users) of all
MNOs in countryi
The top MNO's share | Analysis of
CRk of total users ML 0477 0.116

Notes: MNO is an abbreviation for “mobile network ogter”. Merrill Lynch (2004) is referred to as ML.

12
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5. Modelling the effect of MNP on switching

In this section, we define and estimate two econoommodels of switching

frequency, including proxy variables to capture ¢ffect of MNP.

The switching variable

The ideal measure of switching for our purposeslavdirectly identify flows of
customers between operators, but such data areadjgmet put in the public
domain. The best available proxycisurn, a metric based on the number of
disconnections from each network as a proportiah®faverage number of network
users in a given period. While inter-operator shiitg does feed into churn, the
churn rate is not a pure measure of switching. s&uibers that leave a network
without joining another one, for whatever reasdsg appear as churn, as do
customers on pre-paid tariff packages that do settheir phones for a specified

period.

Because churn is a proportion, we apply a logtstiosformation to the data before
using it as a dependent variable:

LGTCHURN, = |n(wj ()
1- CHURN,

Explanatory variables

Switching propensity should be positively relatedite presence or absence of MNP
and to the quality of the MNP service, insofartes gervice reduces consumer

switching costs. However, we have no theoretidalr@s to the functional form of

13 This is rebased to year 2000 prices using GDRttefl and it excludes revenue from data services.

13
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the relationship. To allow for a range of posdiei, we test two alternative proxies
for MNP, both based on the target maximum portimgt(MNPTM) in force in a

given country:*

The first is a threshold approach, distinguishiegneen countries with INPTM of

5 days or less (for whickINP5D s set to 1) and those with 6 days or more (for
which MNP6PIis set to 1). Both variables are set to zerafoother cases. This
divides the observations where MNP was in place twb roughly equal parts along
the quality dimension. The second MNP praMfNPRis equal to the reciprocal of

MNPTMfor observations with MNP and to zero for thosehwitt the service.

In the remainder of this section, we include somscdptive statistics to illustrate

the key bi-variate relationships in our data.

A comparison of averages suggests that countrigs“high quality” MNP had
slightly higher churn than those without MNP, dutge with “low quality” MNP

had slightly lower churn (see Table 3).

Table 3: Relationship between churn rates and mol®lnumber portability
Case Sample mean quarterly churn
No MNP 0.0203

MNP delivery time <=5 days 0.0218

MNP delivery time 6+ days 0.0198

Source: see Table 2 above.
In a regression analysis, we expect coefficienteahMNP5D andMNP6Pto be
positive, but the former should be larger thanl#tier to the extent that MNP quality

is important to consumerdMNPRIis also expected to have a positive coefficieat, b

4 Data on actual, rather than target, porting timesild probably be a better measure of quality.
Unfortunately, these data are not made public istroountries.

14
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its success in explaining churn will depend upow keell its specific function form

fits the data.

We also note that the decision to enact MNP reguiahay be affected by market
conditions, including churn levels. The econoneatnodel will need to take this

possible endogeneity into account.

The number of operator®ps should have a positive coefficient reflectingreased

switching options and promotional activity as thenier of operators rises.

A proxy for real incomesRGDPPC is included to a capture possible reduction in
disconnections as income rises. This is expedédve a negative coefficient,
because we expect that, in line with previous mrese@ustomers’ demand for
mobile network access is positively related to meo If this is the case, it also

seems likely that users with higher incomeeteris paribudess likely to stop

using mobile telephony once they have started thase of lower income. Since the

churn figures include those who disconnect from etgvork without connecting to

another, it is likely to be lower in markets witlyher average incomes.

Finally, we include cellular density terms, whicleasure the number of mobile
connections per head of populati@EN). This is intended to allow for a possible
relationship between market maturity and churn. rfid¥ght expect an increase in
switching propensity as customers become more i@nwith mobile telephony and
as cohorts with greater price sensitivity take ogeas. In more mature markets,
falling demand growth may weaken the incentivesstoitching by changing the
nature of competition (for example, via reductiomfandset subsidies). Since

density tends to approach a limit as each markéatnesrather than continuing to

15
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rise linearly, we include higher order transforraas of this variable in the

regressions>

Quarterly dummies@1 andQ3-Q4 are also included. Other factors that could
affect churn, but on which data are not availaiplelude the rate of service
innovation, the extent of pre-paid customer regtgin vs. anonymity, the frequency
of customer repeat purchase or sampling, conteagiths, the level of other (non-
number-related) switching costs and the extentubs$stutability between services of

different operators.

We allow for I.1.D. errors in the measurement ofiabales through a disturbance
term g;). It also seems likely that data limitations,tmardarly regarding local
preferences and service characteristics, havenlethtssion of variables that might
help explain the level of churn in each countrywsoexpect to observe significant

individual effects at country leveli].

Hence, for country = 1...38 and quarter=1...20:

CHURN
In| ———— |=a+ B,0OPS+ 5,GDPPC, +
o]+ aops+ paopec

B:DEN, .y + B,DEN,_* + BDEN,,°  (3)

ﬁGQlit +ﬁ7Q3|t +ﬁ8Q4it + ui +£it +
[ B,MNP5D, + 3,,MNPGP, or 5,MNPR ]

Summary of prior expectations about coefficients:

:81’:83’,85’,89’,810 >0
BB, <0

'3 For a recent survey of empirical work on mobilepiony density, see Banerjee and Ros (2004).

16
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5.1 Econometric Results

Since diagnostic tests after fixed effects OLSnestion showed evidence of
autocorrelation and heteroscedastitftye estimated the models using the Arellano-
Bond “difference GMM” estimator with robust standarrors. T-statistics are
reported rather than Z-statistics due to the retftismall sample. The results are

shown in Table 4 below.

Table 4: Churn regression results using Arellano-Bod estimator, with MNP
variables treated as endogenous
Variables and Using MNP delivery time Using reciprocal of MNP delivery
statistics threshold dummies time for countries with MNP
(<=5 days, >6 days)

Dep. variable LGTCHURN LGTCHURN

Coef. Robust t-stat. Coef. Robust t-stat.
LGTCHURN.y 0.682 12.12%** 0.675 12.03***
MNP5d; 0.166 2.09**
MNP6p; -0.171 -1.63
RMNP;; 0.00752 1.49
OPS -0.00719 -0.17 -0.0117 -0.27
LRGDPPG -0.171 -1.75* -0.164 -1.57
DEN.1) 1.22 15 1.31 1.95*
DEN.1)° -2.13 -1.65* -2.14 -2.27**
DEN.;)° 1.43 1.9 1.39 2.64%*
Constant -0.00646 -0.98 -0.00623 -1.02
Qli 0.0227 1.49 0.0230 1.46
Q3 0.0210 1.17 0.0229 1.27
Q4 0.0409 2.49* 0.0420 2.54%*
Sample 38 countries 38 countries
Observations 667 667
Min. periods 7 7
Avg. periods 17.6 17.6
Max. periods 20 20
F(12,654) 35.9
F(11,655) 324
Arellano-Bond residual
serial correlation test, Z=0.04[0.972] Z =0.03[0.978]
order 2
Note: All variables are in first differences ap#vm the constant, and variables with an L prefig
in log terms. Figures in italics are t-statistics;** and *** denote significant at the 10%, 5% dn
1% level respectively. Numbers in brackets ar@alpas. Data sources: see Table 2 above.

16 Modified Wald test for groupwise heteroscedastici’(38)=10,300 [0.000]; Wooldridge test for

autocorrelation in panel data: F(1,37) = 17.3 [0Z0
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The one-period lag of our transformed churn vagablhighly significant, positive
and less than one, showing substantial persisiartbe churn process. We find no

evidence of second order autocorrelation in thielueds?’

There is a significant difference between the cldummies for countries with a five
day or shorter maximum target porting time and éh@srmitting a longer porting
time!® Countries requiring faster porting times expes@hsignificantly higher
churn rates after MNP, whereas there was no sogmfieffect for those with a
slower standard. Our alternative MNP variablesblasn the reciprocal of the target

maximum porting time seems to have little explanapower.

It is difficult to directly interpret the levels abefficients in a model where the
dependent variable has undergone a logistic tramsftton. However, in Table 5
below, we provide simulation results for the averaigatment effect of MNP on
guarterly churn rates and the equivalent increaslea average level of churn for

countries with porting times of 5 days or less.

Table 5: Estimated MNP average treatment effect onhurn and equivalent
change in quarterly churn rates for countries with<=5 day porting rate target

Measure Short run Long run
Average treatment effect 0.253% 0.714%
Implied percentage change compared to sample +13.6% +34.7%
average churn rate (2.05% as per Table 2)

The short run predicted increase in churn seemsistent with predictions iax ante

studies. For example, in a CBA conducted for HEngg, scenarios were examined

7 Second order autocorrelation would have been atidie of inconsistency, as per Arellano and
Bond (2001), pp.281-282.

18 A Wald test rejected equality between the MNP ficiehts: F(1,654) = 6.88 [0.0098]

' The treatment effects are evaluated with otheiakiées set to their sample averages. For the long
run effect, the current period and lagged churesrabnverged at 1.77% with MNP, in comparison to
1.06% without MNP.

18



Measuring the Benefits of Mobile Number Portability Sean Lyons

allowing for increases of 5-15% in the churn ratéofving introduction of MNP
Our estimate is slightly lower than the 15% incessactual switching (as opposed
to churn) after MNP reported for South Korea in Ki2005)%* but we should expect
this given that not all churn involves an inter-ggaer switch. However, note that
because of the strong persistence we find in chatas, the model predicts that the

long run impact of MNP on churn will be significinhigher.

Other results from the models are broadly as erpectwo of the quarterly
dummies are not significant, but the Q4 dummy piesievidence of higher churn in
the fourth quarter. This may reflect seasonal mtamly activity or shifts in demand.

The number of operators and the constant term alsoefound to be insignificant.

All other coefficients in the two models have tix@ected signs, although income is
of only marginal significance. While the cellul@ensity terms in the first model
appear to be individually insignificant, this iopably due to multicollinearity; a

joint test on them rejects a zero vafte.

We also tested lags of the MNP variables from Lirtgrs, but the highest

significance level was achieved with no lag.

6. Modelling the effect of MNP on prices

The cross-country data available for estimatingetfiect of MNP on retail prices
limits us to a relatively simple modelling strategwy particular, it is not possible to

maintain the standard access/usage distinctiorotret more complex features of

20 NERA/Smith (1998), p.66.
21 Non-switching status fell from 91% to 79.1% ofskasurveyed; Kim (2005), Table 2.
22 F(3,654) = 2.85 [0.0366]
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telephony demand models. Again we employ two ndeing different proxies for

guality-adjusted MNP. These models are descriledain

The pricevariable

The proxy for prices is quarterly real average neseper minuteRPM). It is an
aggregate measure encompassing all revenues dasdogith mobile voice services

in each country (but excluding revenue from dataises).

Use of an average revenue proxy for prices invodvdeparture from the approach
used by most other analyses of regulatory impagirimes in the mobile sect6t.
Prices are more commonly measured for a speciéedce bundle (e.g. three

minutes of calling time).

RPMhas some advantages as a price proxy. For exampleave already noted
that charges for service components such as hanaisetcall termination may be
affected by MNP, and these might not be capturegifvere to focus on some other
measure, such as the average price of a threeargalltor the price of a bundle of X

minutes.

However, the benefits of aggregation come at aprla particular, previous
research into telephony demand has highlighteemiffces in the determinants of
demand for network access and network usage élls).cRPMaggregates these
differences away. Other potentially important teas of telephony pricing are also
obscured by averaging, including handset subsitias, of day effects, innovation
in tariff structures (e.g. bundling schemes andgagment offerings) and the mix of

different call types (e.g. national vs. internain

8 However, the same approach was taken in Hazldtiufioz (2004) for their study of the impact
of spectrum licensing policies.
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Explanatory variables

We use the same two alternative sets of regulatargbles as in the analysis of
churn described above. The first model includesmy variables based on target
maximum porting times: one whekfNPTMwas 5 days or lesMMNP5D) and one
where it was 6 days or longeMP6P). The second model uses the reciprocal of

MNPTM

Table 6 below shows how the averag&&M, our proxy for price of mobile
services, varies in the sub-samples with and witMNP. These statistics paint a

surprising picture, inasmuch as MNP appears teas® prices.

Table 6: Relationship between average prices (reed¢venue per minute) and

mobile number portability

Case Sample mean real revenue per minute
(USD)

No MNP 0.192

MNP delivery time <=5 days 0.206

MNP delivery time 6+ days 0.233

Source: see Table 2 above.

However, these descriptive statistics may be mishea First, there is a declining
trend in consumer prices across all countries duthe period, and where MNP was
implemented it tended to come later in the timéeserThis timing effect will tend to
bias the MNP averages downward. A similar downwaad may arise because
there is a positive association of MNP with qugntit call minutes sold and a
negative relationship between quantity and pricecontrast, GDP is positively
associated with both MNP and prices, which couddl & an upward bias in the
average. To isolate the effects of MNP from otreetables, we turn to regression

analysis.
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Unlike the MNP coefficients in the churn models ttoefficients on MNP variables
in the price models are expected to be negatiflecting stronger competition in

markets with lower switching costs. We again ttbatn as potentially endogenous.

Since each price observation in our dataset iscaged with a uniqué (unlike the
studies cited above, which fix€Q), we must control for the total quantity of minsite
actually delivered by operators in a given coumtrpriceRPM This quantity
variable is designateBOTMIN, and it too is taken to be endogenous to allovitfer

simultaneous determination of quantities and pricesobile markets.

We have a choice of proxies for the effects of mmadoncentration on pricing,
including the Herfindahl-Hirschman indeiKll), the one-firm concentration ratio
(CRJ and the number of network operatd@P§. These are tested alternately in
the regression since we do not wish to prejudga#tere of competition in the
market. If greater concentration implies weakenpsetition in mobile telephony
marketsHHI andCR1should have positive coefficients when each ofritle

included, andDPSshould have a negative one.

Population densityRDNST), a proxy for local cost conditions, should have a
negative coefficient reflecting economies of dgnsiReal GDP per capita
(RGDPPQ, a proxy for income, might take a positive cagéint as per the
reasoning in Shew (1994) that customers in highrme areas will exhibit less price
sensitivity, leading to higher prices in such ar&aBoth of these variables might
have a non-linear relationship to average priae$igher order terms are included in

the regression.

4 Shew (1994), p.55.
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We also include a time trend@I(ME) to allow for time-varying unobserved effects
and quarterly dummies to capture seasonal vargtiopricing policies and demand

patterns.

Detailed information on service characteristiceas readily available on an
internationally-comparable basis. However, sineehave time-series cross-section
data, characteristics that are jurisdiction-specifay be captured by the use of

individual effects.

Other potentially relevant variables were unavaddbr the relevant set of countries
and periods, including details of marginal prickestules, prices of substitutes (e.g.
fixed line services), differences in contract terousantities of spectrum allocated in
each country, the extent of trans-national ownershicontrol of operators,
availability and relative importance of pre-paidvwsees, advertising expenditure, and
regulatory variables other than MNP (e.g. requinetsi¢o offer wholesale roaming

or access to service providers).

As in the churn model discussed earlier, we includiesturbance terna;{) and
control for individual effects at country levet). Logs are taken of continuous

variables, includindqRPM
To summarise, for countiy= 1...37 and quarter=1...20:

In(RPM,) =a + ,In(TOTMIN, )+ B,HHI , +
B,In(PDNST )+ B, In(PDNST, )’ + B, In(PDNST, ° +
B,In(RGDPPG )+ B3, In(RGDPPG ) + (4)

ﬁBQlit +ﬁ9Q3It +ﬁ10Q4it +ﬂllT|MEt +ui +€it +
[8,MNPSD, + f5,;MNP6R, or 5,MNPR,]

Summary of prior expectations about coefficients:
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By Bar Bs B Bz > 0;
By Bs, Bs. B7. B <0

6.1 Econometric Results

In this section, we estimate the model describeskiction 6 above. Table 7 below
sets out the regression results. As we found wiedelling churn, initial estimation
using OLS with fixed effects gave rise to heterdssticity and autocorrelatidn.
Here too, we estimated the models shown below ubmdrellano-Bond estimator
with robust standard errors, and diagnostic teseerts the presence of second
order serial correlation in the residuals. Dudifterencing of the data, the fixed

effects are eliminated and the differenced timedrgelds a constant.

% Modified Wald test for groupwise heteroscedastici’(38)=12,800 [0.000]; Wooldridge test of
autocorrelation in panel data: F(1,36) = 27.8 [0]00
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Table 7: Price regression results using Arellano-Bal estimator, with
LTOTMIN and MNP variables treated as endogenous

Variables and Using MNP delivery time Using reciprocal of MNP delivery
statistics threshold dummies time for countries with MNP
(<=5 days, >6 days)

Dep. variable LRPM; LRPM;

Coef. Robust t-stat. Coef. Robust t-stat.
LRP M1 0.453 4,92%** 0.458 4,83***
MNPS5d;.1 -0.0658 -3.18***
MNP6p .1 -0.0258 -0.94
RMNP;.1) -0.00676 -3.41***
LTOTMIN; -0.343 -5.46*** -0.332 -5.35%**
LPDNST -1.30 -0.25 -1.32 -0.27
LPDNST, 1.08 0.77 1.10 0.82
LPDNST, -0.133 -1.15 -0.132 -1.17
LRGDPPG 1.20 2.37** 1.22 2.52**
LRGDPPG; -0.0306 -1.29 -0.0330 -1.45
LHHI; -0.158 -1.35 -0.169 -1.34
Constant 0.00231 0.9 0.000556 0.23
Ql; -0.0250 -3.28*** -0.0263 -3.45%**
Q3 0.0115 1.5 0.0113 1.49
Q4 0.00344 0.53 0.00305 0.47
Sample 37 countries 37 countries
Observations 649 649
Min. periods 4 4
Avg. periods 175 175
Max. periods 20 20
F(14,634) 974
F(13,635) 1,290
Arellano-Bond residual
serial correlation test, Z =-0.90 [0.366] Z =-1.02[0.307]
order 2

Note: All variables are in first differences ap#tdm the constant, and variables with an L prefig a
in log terms. Figures in italics are t-statistics;** and *** denote significant at the 10%, 5% dn
1% level respectively. Numbers in brackets ara@lpas. Data sources: see Table 2 above.

We found evidence that MNP reduces retail pricasphbly when its quality is high.
For those countries with MNP delivery times of foays or less, the estimated short
run effect of implementing MNP was a fall in reakeage prices of about 6.6%, after
a one quarter laff. The estimated long run reduction was signifigahtfher, at

12%. We also found a negative MNP coefficientdountries with longer MNP

delivery times, but it was not significantly diféert from zero. However, these
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results do not prove that a tighter MNP standaettigid a stronger price effect; we
could not reject the hypothesis that the coeffigem the two MNP dummies were

equal (F(1,634) = 2.70 [0.101]).

The alternative approach of including the recipt@¢@ach country’s maximum
time for MNP delivery also yielded a negative caéint. This model implies a
substantial price effect in countries with the tegt MNP delivery standards, but

little effect elsewhere (see Table 8 below).

Table 8: Estimated effect of MNP on real average
retail prices from 1/MNPTime model

MNP standard Short run Long run
2 hours -8.11% -14.97%
2 days -0.34% -0.62%
5 days -0.14% -0.25%
10 days -0.07% -0.12%
20 days -0.03% -0.06%

As expected, we found a robust inverse relationshatgreen the number of minutes
of traffic and real average prices. Income andupatton density variables also had
the expected signs. Although t-tests on eacheoptipulation density terms
suggested a lack of statistical significance, atjtgst on all the terms strongly

rejected a zero value: F(3,634) = 3.59 [0.0135]

Neither HHI (shown above) nor alternative proxiesrharket concentratiol€R1
andOP9§ proved to be significant. We did find evidenddoaver average prices in
the first quarter of each year, perhaps reflediegeffect of temporary discounts on
packages sold in the fourth quarter, but the coms$éam is not significantly different

from zero.

% We tested lags of between 0 and 4 quarters okIMi variables, and the signs were the same in all
cases, although statistical significance varied.or® quarter lag yielded the highest t-statistic fo
MNP5dand is thus reported here.
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7. Conclusions

Our central finding is that prices fell and chunoreased in countries with a five day

or better MNP delivery standard, as summarisechinld 9 below.

Table 9: Estimated effect of MNP on real average tail prices and churn rates,
for countries with a <=5 day target maximum porting time

MNP standard Short run Long run
Average prices (real revenue per minute) -6.58% .0%2
Churn rate, quarterly average +13.6% +34.7%

The price result can be compared to the findingiard (forthcoming) that there was
a 4.4% fall in prices after the introduction ofitivsee number portability, which is a

different but similar servic’

We found no significant effect of MNP on churn @eeage prices for countries that
applied a less stringent target for maximum portingg. For jurisdictions requiring
“high quality” MNP, our results are consistent wilie presence of significant Type

1 and Type 2 benefits.

Areasfor further research

The mobile market data currently available on astiant basis over time and across
countries has limitations when used for modellimg ¢ffects of MNP. First, our
choice of a five day porting time threshold for ewaing MNP quality is essentially
arbitrary, and additional data in the future shalldw a finer distinction to be

drawn between the effects of different porting tiste@ndards.

Second, we have not been able to control for tingrnvg price of MNP across
countries. In some jurisdictions, MNP is freetie subscriber. In others, it can

involve significant fees. For example, the systatapted in Singapore in 1997

27 See Section 2.3 above.
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permitted operators to levy monthly charges ongjdert from August 2003 onward
only a one-time administrative fee was allovi®dlhere is also variation in the
levels of one-off fees among those jurisdictiorat frermit them to be chargéd.
While charging could act as a deterrent to usadéN#i® *° published information on
such charges and on other aspects of MNP quatityr{§tance, whether or not it
covers SMS messages) is scanty, and these dimerai@mot explicitly addressed i

our analysis.

Future research into the effect of MNP will alsméfit from the existence of
additional time series data from jurisdictions wehBtNP has been implemented,;

many countries in our sample had only recentlyoshiiced these services.

Also, publication of harmonised cross-country dataupranational bodies such as
CEPT, which published most of the MNP implementaaad porting time data we
used in this paper (see Table 10 in the annexyldhmake it easier for future

researchers to make inter-country comparisons.

%8 |Infocomm Development Authority, Singapore, 2003.
29 Ovum (2005), Section 3.5.
%0 Buehler, Dewenter and Haucap (2006), p.395.

S

n
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Annex: Additional information on the dataset

DEN is each country’s average number of mobile telaghsers (including both post-
paid and pre-paid customers) divided by the cotsmpgpulation. This variable may be
subject to varying reporting practices in differgmisdictions. While it is easy to define
and measure the number of post-paid subscribensost jurisdictions these represent a
minority of mobile telephony users. The identittéshe remainder, who use mobile
telephony on a pre-paid basis, are often unknowthe network operators. As a result,
network operators generally use a formula to esérttee number of active customers,
typically treating a subscriber as active if hisher phone has been used within a set
number of months. While we understand from Mekyihch (2004) that these formulae

may vary across the sample, we have no detailseadiifferences.

This caveat also affects tlHURNvariable, which is a quarterly average of monthly
actual and imputéd disconnections from networks as a proportion efatierage number

of users in each period.

Gross domestic product in real USD terms per cdRi@DPPQ was calculated for OECD
countries based on local currency real GDP figarekGDP deflators from the OECD
quarterly national accounts database. Exchange vetre taken from IMF International
Financial Statistics. Figures for non-OECD cowsdrare taken from the IMF World
Economic Outlook database (September 2004), andnsmeal data, rather than quarterly.
This treatment of GDP in non-OECD countries isidetl, but as no quarterly national
accounts data were available for these countri@astunavoidable. In any event, the

coefficients on GDP are not the focus of our analys



Table 10: Sample coverage and MNP data

Country Churn RPM MNP Target Main source for
observations| observations| implemented maximum date of MNP
(“-* if not porting time implementation
implemented (days)

by 2Q04)
Argentina 10 20 - -
Australia 20 20 3Q01 0.0833 Regulator
Austria 20 20 - - ECC/CEPT 200p
Belgium 16 13 3Q02 2 ECC/CEPT 2005
Brazil 20 20 - -
Canada 20 20 - - Telegeography
Chile 20 19 - -
Colombia 16 12 - -
Denmark 8 20 30Q01 5 ECC/CEPT 2005
Egypt 7 8 - -
Finland 20 20 3Q03 5 ECC/CEPT 2005
France 20 20 3Q03 30 ECC/CEPT 2005
Germany 20 20 4Q02 6 ECC/CEPT 2005
Greece 20 20 3Q03 1 ECC/CEPT 2005
Hong Kong 20 1Q99 2 Regulator
Hungary 12 19 2Q04 14 ECC/CEPT 2005
India 20 20 - - Telegeography
Ireland 11 11 3Q03 0.0833 ECC/CEPT 2005
Israel 20 18 - -
Italy 20 20 2Q02 5 ECC/CEPT 2005
Japan 20 20 - -
Malaysia 20 20 - -
Mexico 20 20 - -
Netherlands 20 20 2099 10 ECC/CEPT 2005
New Zealand 20 20 - -
Norway 14 20 4Q01 7 ECC/CEPT 2005
Poland 20 9 - - ECC/CEPT 2005
Portugal 20 20 1Q02 20 ECC/CEPT 2005
Russia 17 17 - -
South Africa 20 20 - -
Spain 15 20 4Q00 4 ECC/CEPT 2005
Sweden 20 20 3Q01 5 ECC/CEPT 2005
Switzerland 20 1Q00 5 ECC/CEPT 2005
Taiwan 12 15 - -
Thailand 20 4 - -
Turkey 13 8 - -
UK 20 20 1Q99 9 ECC/CEPT 200p
us 16 17 4Q03 0.104 Regulator
Venezuela 19 - -

%1 Pre-paid users inactive for a specified period.
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