30 March 2006

The Comparative Efficiency
of KPN
A Report for OPTA

NERA

Economic Consulting



Project Team
Nigel Attenborough
Tim Miller

Jay Ezekiel

NERA Economic Consulting
15 Stratford Place

London W1C 1BE

United Kingdom

Tel: +44 20 7659 8500
Fax: +44 20 7659 8501
www.nera.com



The Comparative Efficiency of

KPN

Contents

1. Introduction

1.1. Report structure

2. Comparative Efficiency Measurement
21. Introduction

2.2. Comparator companies

2.3. Functional form of regression model

2.4, Ordinary Least Squares (OLS) Regression Analysis
2.5. Stochastic Frontier Analysis (SFA)

2.6. Assessing the regression model

2.7. Data Envelopment Analysis (DEA)

2.8. Summary

3. Data Collection and Processing

3.1. Data supplied by KPN

3.2. US LEC data

4. Results

4.1. Basic Unit Cost Analysis

4.2. Model specification

4.3. Stochastic Frontier Analysis results

4.4. Generalised Least Squares Analysis results

4.5. Sensitivities and model robustness

4.6. Data Envelopment Analysis

5. Summary of Results and Conclusions
5.1. Sensitivities

Appendix A. Stochastic Frontier Analysis
Appendix B. Data Envelopment Analysis
Appendix C. Processing of KPN’s Data
Appendix D. Responses to NERA’s Draft Report

D.1. Comments from KPN
D.2. Comments from ACT and Tele2

NERA Economic Consulting

Introduction

— =

O WowoN~AWNNNDN

—_

11
13

26
26
26
29
33
36
39

41
41

42

45

47

49

49
59



The Comparative Efficiency of Introduction
KPN

1. Introduction

This report has been commissioned by OPTA to estimate the comparative efficiency of
KPN’s fixed-line network activities. The report estimates KPN’s efficiency by comparing
KPN’s costs and outputs to those of sixty-seven US Local Exchange Carriers, using
econometric and mathematical methods to take account of differences in size and the
operating environment.

1.1. Report structure

The remainder of this report is structured as follows:

= Section 2 looks at the theory behind comparative efficiency measurement and the
methodology which NERA has used in this study;

= Section 3 describes the data that has been collected and how this has been processed;
= Section 4 outlines the results NERA has obtained; and

= Section 5 concludes.
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2. Comparative Efficiency Measurement
2.1. Introduction

The efficiency of a company can be defined as the extent to which it is able to minimise its
costs for producing a given set and volume of outputs, taking into account the environment in
which it operates (including demographic and geographical circumstances). A perfectly
efficient company is one which has the lowest costs possible given the outputs that it
produces and the environment in which it operates.

There are a variety of statistical and mathematical programming techniques that can be used
to assess the comparative efficiency of different companies. In considering the most
appropriate approach to take, it is important to examine the relative merits and drawbacks of
the alternative techniques that could be used. This section looks at the most frequently used
techniques and examines their main advantages and disadvantages when used in comparative
efficiency assessments.

Statistical techniques use regression analysis to estimate a model, based on past data for
different companies, that relates costs to different types of output (such as exchange lines,
call minutes, leased lines and so on) and environmental factors (population density and
dispersion, network size, relative number of business and residential lines, factor input prices
and so on).

2.2. Comparator companies

In order to ensure that our measure of comparative efficiency is a good indication of the true
efficiency of KPN, it is necessary to ensure that our comparator is efficient itself. However,
it is unlikely that any telecommunications operator is completely efficient. The problem is
therefore where to find an efficient operator or set of efficient operators to benchmark
against.

Economic theory teaches us that companies are driven to be efficient when they exist in a
competitive environment, when they are profit-maximising, and when they have been
established for long enough to optimise their processes. While many telecommunications
firms worldwide are now privately-owned (and therefore look to maximise profits), these
privatisations are relatively recent and there exists little competition.

However, the communications market in the United States is a good benchmark. Operators
in the US have experienced competition for a long time, and we can be confident that the
conditions for efficiency have been met in this market. Furthermore, extensive data is
available for each of the US Local Exchange Carriers (LECs) for a long period of time,
allowing a detailed analysis of their costs and outputs.

We cannot expect that every operator in the US is efficient, however, since not all states have
had effective competition for the same length of time, and some states currently have limited
competition due to mergers and the closing of competing operators. Instead, we wish to
benchmark against only the more efficient operators. This is achieved by calculating the
efficiency of every firm, ranking all firms and comparing KPN to defined levels, such as the
top firm or the upper decile.
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2.21. Other Comparators

While the US LECs offer a good set of comparators, there are many other communications
firms worldwide which could also be considered relatively efficient. For example, in a recent
study', NERA found that BT was only slightly less efficient than the top decile of US firms.
Ideally, therefore, we would wish to include these firms in our analysis.

This, however, is not possible, due to general non-availability of data. NERA has
investigated the publicly available data for a number of companies (including, but not limited
to, BT, Deutsche Telekom, New Zealand Telecom, Telia Sonera, Telenor, Singtel, NTT and
Telecom Italia). While some data is available for these companies, it is not reported at a
sufficiently detailed level to allow for direct comparison to the US LEC dataset.
Furthermore, it is not always clear which costs are included in the total costs reported, and
therefore it is not possible to formulate KPN’s costs to match.

2.3. Functional form of regression model

The first step in the estimation of a regression model is to consider the functional form of the
equation relating the level of costs to the factors that determine costs. For this study, both the
Cobb-Douglas and translog functional forms were considered. The Cobb-Douglas functional
form is much less flexible than its translog counterpart, which allows the functional form of
the regression equation to be influenced by the data to a far greater extent. However, to
achieve this greater flexibility, the translog specification includes many more explanatory
variables in the model (made up of the squared and cross-product terms of each explanatory
variable included in the model) and therefore requires a far larger number of observations in
order to derive a statistically significant relationship.

As part of NERA’s initial investigations, the availability of data that would enable the
translog functional form to be used was investigated, and it was found that, despite the large
size of the dataset used in this study, the number of observations was too small to
accommodate the large number of variables included in the regression”. Consequently, a
Cobb-Douglas (log-log) specification was chosen. The equation below is an example of the
Cobb-Douglas specification:

log(C) = a+b,log(L) + b, log(P) +...

In this regression, C is a measure of cost, and L and P are explanatory variables, such as the
number of switched lines, or population density.

Some of the advantages of using a cost function with this functional form are that:

= Firstly, it allows for non-constant returns to scale;

The Comparative Efficiency of BT in 2003: a Report for Ofcom

When estimating a translog function it is necessary to estimate simultaneously the demand functions for the inputs to
the cost function (labour, capital and other inputs), and the total cost function itself. Investigation into the availability
of data for the estimation of the input demand functions indicated that, particularly when looking at other costs, it would
not be possible to obtain LEC specific data of sufficient reliability to allow the estimation of these functions.
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= Secondly, it limits the impact of heteroscedasticity; and

= Thirdly, a log-log transformation of the Cobb-Douglas functional form results in an
equation that is linear in explanatory variables (which is a requirement of regression
analysis) and which can be easily interpreted (the coefficient on an explanatory variable
indicates the percentage change in total cost that would result from a 1% increase in the
explanatory variable, all other variables remaining constant).

The estimation of the relationship between costs, outputs and environmental factors, based on
the use of the Cobb-Douglas functional form, is described in the subsequent paragraphs.

2.4. Ordinary Least Squares (OLS) Regression Analysis

Ordinary Least Squares analysis is the most basic technique which falls under the heading of
regression analysis. It involves the estimation of the statistical relationship between different
variables. In the case of this study, the objective is to derive the relationship between total
cost and a variety of exogenous cost drivers such as the number of lines, the number of call
minutes, the dispersion of population, and so on.

OLS regression analysis can be best understood through the use of a simple example. If the
cost of building and operating a network (C) depended only on the number of exchange lines
provided (L), then each operator’s level of costs and number of customer lines could be
plotted on a graph, as in Figure 2.1 below, where each point represents a different operator.

Figure 2.1
Ordinary Least Squares Regression Analysis
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Ordinary least squares regression analysis fits a line of “best fit” to these points, such that the
line minimises the sum of the squared vertical distances of the observed company costs
(represented by crosses) from the line, hence the technique’s name.

The line of best fit can be written in equation form as:

C.,=a+bL +u,
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where i represents the observations for the different operators, a is the fixed cost involved in
providing a network regardless of the number of exchange lines, b is the cost of providing
each additional line (the marginal cost), and u is the regression residual (the difference
between actual costs and those “predicted” by the line of best fit).

If there are a reasonably large number of companies in the sample, it is very unlikely that
they would all lie on the best-fit line, but rather some would be above and others below. The
best-fit line therefore represents the costs that a company of ‘average’ efficiency would be
expected to incur at each volume of exchange lines. Those companies with an observation
above the line (for example, company A in Figure 2.1) have costs above those of a company
of average efficiency with the same number of lines. Such companies are, in this relative
sense, inefficient. Conversely, those companies that lie below the regression line (for
example, company B) may be viewed as being relatively efficient (having below-average
costs, and therefore above-average efficiency).

In practice, rather than plotting all the companies’ observations on a graph, a computer
program is used to estimate the regression coefficients (a and ) using the data on all the
companies in the sample. Individual companies are then judged by substituting their actual
output numbers into the equation to give a predicted level of costs, Z, as if the company were
of average efficiency. If the company’s actual cost level were larger than Z, then it would lie
above the regression line and, therefore would be deemed inefficient (compared to “average
performance”). Likewise, if its predicted costs were to exceed its actual costs, it would be
judged to be efficient compared to “average performance”.

The difference between a company’s actual costs and its predicted costs is termed the
residual. A positive residual therefore indicates inefficiency relative to the sample “average”,
and a negative residual indicates efficiency relative to the sample “average”.

Most cost functions are likely to have more than one cost driver. So for example, the cost
function for a telecommunications operator will in reality have additional cost drivers as well
as the number of exchange lines. OLS regression analysis deals with this through the use of
multivariate regressions, which take the general form:

C.=a+bL, +b,P +b,0 +..+u,

As before, a represents the level of fixed costs, b; measures the marginal cost of explanatory
factor L, and u is the regression residual. But in addition, b, and b3 now measure the
marginal cost of the new explanatory factors P and Q respectively (assuming in each case
that the other two explanatory factors are held constant).

24.1. Multi-year least squares regression analysis

The analysis described above uses data for a single year to assess how efficient one firm is
compared to others. However, depending upon the number of firms for which data is
available, such analysis has limitations with regards to accuracy and robustness. If, for
example, a number of firms have low costs for spurious reasons (such as misreporting of
accounting data in a particular year) this could skew the model significantly, making other
firms look less efficient than they actually are. Also, the number of observations is limited to
the number of companies for whom the required data are available.

NERA Economic Consulting 5
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Where a number of years of data are available, it is possible to create a data panel (or “pool”),
which includes data for different companies over a number of years. This helps overcome
problems associated with a limited number of observations, and reduces or eliminates the
impact of peculiarities in the data, as these tend to “average out”. The use of a panel dataset
should therefore lead to a more robust and stable model.

However, including more than one year’s worth of data from any firm can lead to problems
due to the existence of heterogeneity both within observations across time and between the
different observations in the panel. This can lead to difficulties in obtaining efficient and
unbiased estimates of the regression coefficients. In addition, panel data can also lead to
problems of autocorrelation, if the within-observation heterogeneity is low (if the figures for
each year for an observation do not differ by a large amount).

Ordinary Least Squares analysis is neither able to control for the heterogeneity both within
and between observations, nor for the autocorrelation problems that can arise with panel data,
and hence it is not an appropriate technique to use with this type of data. In its place a two-
step Generalised Least Squares (GLS) approach can be used, which takes account of the
repeat observations for each firm.

The model estimated using data for a number of years is similar to that used in single-year
analysis, but has an additional term measuring the time trend. This variable, which
effectively allows the constant term to change over time, takes account of technological
progress, inflation, or other such items that cause changes in the costs of all companies over
time. The regression equation in this case is:

C,,=a+blL,, +b2Pl.’[ +b3Q,.J +o.+T +u,

where T is the time trend, and L, , is the value of variable L for company i in time period ¢,

and so on. Finally, u,, is the regression residual which indicates the gap between actual and

t

predicted (average) efficiency for each company in each time period.

It is possible to run panel data analysis with an “unbalanced panel”; that is, a dataset that does
not contain an observation for each company in every year in the panel. If, for example, the
panel covers eight years, it is possible to include firms in the panel, which are missing data
for some of those years (for example a firm which has data for only five of the nine years),
without the model being adversely affected.

2.5. Stochastic Frontier Analysis (SFA)

A significant drawback of both OLS and GLS regression analysis is that they both implicitly
assume that the whole of the residual that is obtained for any company in any period of time
can be attributed to relative inefficiency (or efficiency). However, it is possible, if not
probable, that the residuals from such an analysis will include unexplained cost differences
that are the result of data errors and other factors affecting costs that have not been picked up
in the regression equation. Stochastic Frontier Analysis (SFA) builds on the methodologies
outlined above and aims to address this shortcoming.

NERA Economic Consulting 6
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There is an extensive academic literature on efficiency measurement using SFA, and this
technique is increasingly being used by utility regulators to measure inefficiency. It is based
on regression analysis, but has two distinctive features:

= In contrast to OLS and GLS regression analysis, SFA models incorporate the possibility
that some of the model residual may result from errors in measurement of costs or the
omission of explanatory variables, as opposed to the existence of genuine inefficiencies.
This decomposition of residuals between ‘error’ and ‘genuine inefficiency’, which is
based on assumptions made about the distributions of the ‘error’ and ‘genuine
inefficiency’ terms, is intended to provide a more accurate reflection of the true level of
inefficiency.

= Secondly, the regression for SFA looks not at the average firm, but at the theoretically
most efficient one.

In the case of data for just one year SFA estimates the equation:
C,=a+bL +..+v +u,
where ‘...” indicates the other variables included in the model.

The residual in a stochastic frontier model is assumed to have two components: the u;
component, which represents the genuine inefficiency; and the v; component, which
represents the genuine error. In econometrics literature, u; is often referred to as the
inefficiency term and v; is often referred to as the random error.

In order to be able to decompose the residual into inefficiency and random error it is
necessary to make assumptions about the distributions of its two components. For single year
SFA models, the inefficiency term is assumed to follow a non-negative distribution (such as
the half-normal or truncated normal distributions), whilst the genuine error term is assumed
to follow a symmetric distribution. By making these assumptions the technique is able to
decompose the residual by fitting the assumed non-negative distribution to the residuals to
identify the proportion of the residuals that can be explained by this distribution.

Having to make such assumptions is a key disadvantage of single year SFA, as the
appropriateness of these assumptions cannot accurately be measured.

SFA is described in greater detail in Appendix A below.
2.51. Multi-year stochastic frontier analysis

SFA can also be applied to panel data. This involves estimating a regression equation of the
following form:

C,=a+blL,, +b,P,+b,Q0, +..+T+v,, +u,
where T is a time trend variable that identifies the change over time in the regression
constant, i represents an individual company observation and ¢ represents the time period.

Note that with this specification, residuals can be different for each firm and for each year.

NERA Economic Consulting 7
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Once again, in a multi-year setting, SFA decomposes the residual between inefficiency and
error by making assumptions about the statistical distributions of these two components of
the residual.

The advantages of using panel data over simple cross-sectional data (single year data) is that,
with cross-sectional data in SFA analysis, strong assumptions are required about the
statistical distribution of the inefficiency component of the regression residuals and, in many
practical cases when cross-sectional data are used, insufficient data are available to support
these assumptions. There is often little evidence to suggest which statistical distribution is
appropriate in constructing a model, and in many cases, more than one distribution may be
deemed to ‘fit’ the data. The use of panel data, in contrast, allows for these distributional
assumptions to be relaxed. By observing each firm more than once, inefficiency can be
estimated more precisely as firm data is embedded in a larger sample of observations.
Specifically, with panel data, it is possible to construct estimates of the efficiency level of
each firm that are consistent as the number of time-series observations per firm (¢) increases.

In early SFA panel data studies, however, the benefits described above came at the expense
of another strong assumption, namely that relative firm efficiency does not vary over time
(that is, u,, = u,). This may not be a realistic assumption, especially in long panels. Recent

studies on this issue, however, have shown that this assumption of time-invariance can be
tested, and can also be relaxed, without losing the other advantages of panel data.

Reflecting these points, NERA has concentrated it modelling on a specification with a time-
varying decay on inefficiency measures, where the inefficiency term is modelled as a random
variable multiplied by a specific function of time:

n(-=T)
it €

where T corresponds to the last time period in each panel and 1) is the decay parameter to be
estimated. It is possible to test for the significance of this variation over time, and therefore
we will examine whether it would be valid to assume constant inefficiency.

2.6. Assessing the regression model

Before drawing conclusions about relative efficiency, it is essential to verify that the
regression equation is theoretically and statistically valid and that it represents the best
possible model, if there is more than one possibility. The types of questions likely to be
raised in this context are:

=  How well does the cost model fit the observations (is there a large proportion of cost
variation that is left unexplained by the variation in the chosen explanatory factors)?
Under Ordinary Least Squares analysis this is measured by the coefficient of
determination R? (or a variation on it).

= Are the coefficients sensible? For example, does the model predict that costs will rise
(rather than fall) as the number of exchange lines increases, as intuition and experience
would suggest? Care must be taken here to consider the possible impact of
multicollinearity, which may make some coefficients appear unintuitive when they in fact
are closely related to other variables.

NERA Economic Consulting 8
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= Are the coefficients statistically significant? In other words, can we be confident that the
relationship described is a statistically valid one?

Even if the model appears to be satisfactory, there are several potential sources of inaccuracy.
These concern:

= Inaccuracies of functional form; it is unlikely that in practice the model’s functional form
is known exactly in advance. For example, are costs linearly related to the number of
lines or is the functional form more complex? Would logarithmic transformation of
explanatory factors give a better fit?

= The omission of relevant variables. The accuracy of regression analysis in measuring
relative efficiency depends to a large extent on the degree to which all relevant
explanatory factors have been included. If, for example, hilly countryside had a
significant adverse effect on costs but was ignored in the regression study, then those
companies serving hilly terrain might appear to have unduly high costs simply because of
their location rather than because of inefficiency; and

= A lack of independence among the cost drivers. For meaningful results, there need to be
many more independent observations than the number of cost-driver coefficients being
estimated (in econometric terms, there need to be many degrees of freedom).

In some cases these inaccuracies can be tested for, and wherever this is possible, NERA has
completed such tests. However, it is not always possible to eliminate all such problems.
Consequently the results of analysis using a mathematical programming rather than
regression analysis techniques are also often considered. One such mathematical
programming technique is data envelopment analysis (DEA).

2.7. Data Envelopment Analysis (DEA)

DEA can be used as an alternative to regression-based techniques. It does not involve
statistical estimation, but instead makes use of mathematical programming methods, without
the need to rely on a precise parametric cost function. This, in fact, is its main advantage as it
allows a complex non-linear (concave or convex) relationship to exist between outputs and
costs, whereas regression analysis usually restricts such relationships to be either linear, or to
have fairly simple non-linear forms.

DEA operates by searching for a ‘least cost peer group’ of comparator companies for each
individual target company. The ‘peer group’ is defined such that a linear combination of
these companies can be shown to have at least as great an output and no more favourable
operating conditions than the target company (with output and environmental variables
measured in the same way as in regression analysis). If such a ‘peer group’ exists, and the
linear combination of their costs is lower than that of the target company, this cost difference
is assumed to be attributable to inefficiency on the part of the target company.

It should be noted that since it is a mathematical technique, DEA offers no statistical
framework for modelling the performance of firms outside the sample, and cannot offer
predictions on the effect of changes in any particular firm’s costs or outputs. Furthermore,
DEA is unable to assess the relevance or significance of variables, and it is therefore
necessary to make assumptions based on other analysis over which variables to use.

NERA Economic Consulting 9
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This analytical technique is discussed in greater detail in Appendix B below (the discussion
includes further detail concerning its use and its potential disadvantages).

2.8. Summary

In this section we have discussed some of the different techniques that can be used to
measure comparative efficiency and have highlighted some of the main strengths and
weaknesses of these techniques. Given the shortcomings of ordinary and generalised least
squares regressions in predicting efficiency, NERA considers it appropriate to examine in the
first instance stochastic frontier analysis (SFA), and more specifically SFA run over a number
of years. In addition, data envelopment analysis has the potential to provide a useful estimate
from a non-statistical point of view. The results of these different techniques can then be
reviewed in the light of their relative strengths and weaknesses in order to provide a more
informed view of comparative efficiency. Additionally, if the different techniques provide a
common picture as to the relative efficiency of an individual firm, greater weight can be
placed upon the overall efficiency result.

This common picture can be either in terms of the actual efficiency results or in the rankings
of the firms under the different techniques. It is possible, if not likely, that different
techniques will produce different efficiency results, as they are based on different underlying
assumptions; however if there are similarities between the rankings of firms under the various
techniques, this indicates that one can be confident in the relative position of the firm within
the sample. It then remains to decide which efficiency result is most appropriate given the
purpose for which it is to be used.
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3. Data Collection and Processing

This section of the report describes the data used in NERA’s study. It looks firstly at the data
supplied by KPN to NERA, and outlines any required adjustments to or processing of this
data. Secondly, it describes the data collected from the US ARMIS database, and the
methodology followed to ensure that this data was consistent with the data for KPN.

3.1. Data supplied by KPN

KPN have supplied data on operating costs, depreciation, capital employed, the cost of
capital, and volume of outputs (switched and leased lines, and minutes) for their network
services. In addition information was provided on the structure of their network. This data
covers the years 2001 to 2004, with forecast data for 2005 to 2008.

3.1.1. Costs

KPN’s cost data was provided on a current cost accounting (CCA) basis. The data supplied
covers only the network side of KPN’s operations — that is, excluding costs associated with
retail. Adjustments have been made to KPN’s costs to take account of differences in
measurement and accounting practices between the UK and US.

NERA has consulted with KPN to ensure that the costs supplied are comparable. In order to
ensure that a like-for-like comparison is made between KPN and the US LECs, it is necessary
to remove any costs that KPN incurs in respect of activities or services that are not
undertaken by the LECs.

Adjustments that have been made are as follows:

- The US LECs do not include in their costs payments to other mobile operators (as
there are none), or payments to other fixed operators for international calls.
Therefore, similar outpayments are not included in KPN’s costs.

— Emergency call or “911” costs were removed from the US LEC and KPN cost
datasets because in the US, while the routing of 911 calls to the public safety
answering point (PSAP) is under the control of the local telephone company, the
processing of the call at the PSAP is controlled by a myriad of different entities. As a
result, the US LECs do not incur the full set of costs for such services and the
efficiency of provision is outside their control.

— Data network costs were excluded from KPN’s cost base, as NERA believes that such
costs are excluded from the cost base of the US LECs®.

The FCC has indicated that, whilst it does not expect such costs to be included in the data reported for the US LECs
(since they fall outside the scope of regulation for the purposes of the ARMIS database), it cannot confirm with
complete certainty that they are not included. To the extent that they are, this will operate in KPN’s favour.

NERA Economic Consulting 11
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KPN has provided all cost and asset data in terms of US Generally Accepted Accounting
Principles (US GAAP). In addition, KPN has provided a reconciliation from Netherlands
GAAP to US GAAP.

3.1.1.1. Currency conversion

To achieve comparability between the data for KPN and the US LECs it is necessary to
express the data in a common currency either by converting the US LECs data into euros or
the KPN data into US dollars. As this conversion involves the use of a single exchange rate
in each year for all firms in one country, the efficiency comparison is not affected by whether
the US LEC data is converted into euros or KPN’s data is converted into US dollars.

However, the proposed use of the regression will require prediction of KPN’s efficiency in
future years. Since it is not possible to accurately predict exchange rates going forward, it
would not be possible to convert KPN’s predicted costs into dollars. Therefore it was
decided to convert all costs and financial data into euros. Details of this process can be found
in Section 3.2.1.5.

3.1.2. Output
KPN have supplied data on:

= the number of switched lines (both business and residential);
= the number of 64kbps-equivalent leased lines provided;

= the number of 64kbps-equivalent Cityring lines provided (which are analogous to the US
LECs’ special access lines); and

= the number of call minutes by service, with associated routing factors for main and local
switches.

OPTA has compared KPN’s data submissions for this study to those for other studies and
regulatory exercises. For purposes of comparison with the US LEC data, switched lines
include ISDN lines, payphones, ADSL-only lines, and wholesale unbundled local loop
copper circuits. However, this latter line type is unlikely to incur the same cost as other types
of switched lines. To test for the sensitivity of this, we have varied the weight given to this
type of line and report how this affects out model in Section 4.5.2.

For comparability, ISDN lines are specified at the number of channels. However, it is
unlikely to be the case that an ISDN-2 line would cost as much as two PSTN lines. If KPN
operates a relatively large number of ISDN channels compared to the US LECs, it would be
possible to increase the number of lines being provided with a lesser impact on costs. If this
were the case, then this study would overestimate KPN’s efficiency (and underestimate
KPN’s inefficiency). However, little accurate data is available for the number of ISDN lines
in the US.
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3.1.3. Network and environmental variables

KPN have provided data on how their network is constructed, including the length of cable
sheath, number of central and remote switches, length of duct, and the proportion of the
network which is fibred.

In addition to these variables, a number of pure environmental variables have been compiled
by KPN and NERA that are likely to provide a partial explanation of differences in costs.
These include the population density of the Netherlands and the percentage of the population
living in metropolitan areas (defined as areas of above 100,000 population). Also, average
wages of staff have been collected to ensure that the currency conversion process is robust.

NERA'’s analysis will examine each of these variables and assess whether they have a
significant impact on costs.

3.1.4. Validation of KPN data

NERA has worked closely with OPTA to ensure that, where possible, the data submitted by
KPN has been checked against other sources. In particular:

»  The number of switched lines has been compared to the submissions for a recent market
power exercise and the most recent BULRIC model;

* The number of leased lines has been compared against the submissions for OPTA’s
recent SMP study;

= The number of minutes and the routing factors used have been compared against KPN’s
submissions for the BULRIC model;

= The length of cable in the network has been compared to that reported for use in the
BULRIC model; and

* Cost and output data predictions for future years will be compared to the EDC reports
submitted by KPN.

In addition, KPN’s cost data will be audited and confirmed correct by their corporate auditor.
3.2. US LEC data

The raw data used for calculating the total costs of the US LECs is drawn from the ARMIS
database, which is compiled by the Federal Communications Commission (FCC). This
database can be accessed at http:/www.fcc.gov/wcb/armis/. For each of the years examined
in this study, this database provides extensive information on costs, outputs and network
variables for around 70 US LECs. A less complete dataset is available for a larger number of
companies.

3.2.1. Costs

Costs for the US LECs comprise three elements:
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- operating costs;
— depreciation; and

- the cost of capital.

3.2.1.1. US LEC asset data

As the asset book values reported for the US LECs are all on a historical cost accounting
(HCA) basis, each operator’s reported asset values are influenced by the point in time at
which the assets were purchased. Due to changes in asset prices over time, operators with
relatively older asset bases will report different Gross Book Values (GBVs) to those with
relatively newer asset bases, for comparable assets. This difference impacts on the
depreciation and cost of capital of operators. Hence, it was necessary to adjust the reported
asset values to express the book values reported by all operators on a comparable basis. To
do this, the assets bases of the US LECs were converted from historic to current costs. The
derived costs from this process were compared to KPN’s costs as derived under current cost
accounting (CCA).

The process by which this adjustment was completed was as follows:

= Firstly the average age of the assets of each US LEC was estimated for each of the
following asset categories: poles, cable, duct, switches, transmission equipment, radio
transmission, payphones, buildings, accommodation plant, computing equipment, and
vehicles. The actual age of assets is not reported by the US LECs, so it is necessary to
estimate the average age for each asset category using the following formula:

B
Average Age= Asset Lifex| 1— Net Book Value
Gross BookValue

= Secondly, data on US price indices for each of these asset categories was collected from
the US Statistical Abstract. These price indices allowed the identification of the change
in asset prices between the point-in-time (on average) that each US LEC purchased its
assets and the present day. For example, the price index for Telephone Switching and
Switchboard Equipment was 105 in 1992 and 111 in 2003. This indicated that the price
of this asset had increased by 5.7% between 1992 and 2003.

= Thirdly, the GBV of the assets of each US LEC, for each asset category, was adjusted for
the asset price changes that occurred between the average point in time at which the
assets were purchased (which is determined by their average age) and the year for which
the data was presented (1996, 1997, and so on). For 2003, this adjustment can be
represented by the following equation:

Cable Price,,, J

(;'R(jCahIeQOOS:GBI/CabIeZOO3>< C bl Pri
aovle rlceZOOS—AvemgeAge

An alternative approach to the adjustment suggested above would be to use KPN’s
CCA/HCA ratio as a proxy for the CCA/HCA ratios for the US LECs. Our principal reason
for not using this alternative approach in this study is that the average age of the assets
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belonging to KPN could well differ (possibly to a significant extent) from the average age of
the assets belonging to the different US LECs, and so constraining the LECs to have the same
CCA/HCA ratio as KPN may introduce errors into the analysis.

Furthermore, by using actual US data we allow the average age of assets, and therefore the
CCA/HCA ratio, to change for each operator from year to year. When considering a dataset
spanning eight years, this will be more accurate than assuming a fixed age of assets over all
years.

3.2.1.1.1. Disadvantages of this conversion

For most asset categories, the process outlined above gives a very close approximation of the
current cost value of the asset base. However, for duct assets there is a further difference
between the definition for historic costs and current costs.

Under HCA, the value of duct will include the cost of the duct at the time it was installed,
plus the cost of new installation and any further digging necessary for maintenance.
However, CCA, which only measures the replacement cost, will not include the cost of
digging the trench more than once. Therefore, following the conversion process outlined
above would result in an estimation of current cost duct asset value significantly higher than
would be correct.

To correct for this, NERA has reduced the CCA value of duct assets for the US LECs. In
other studies of comparative efficiency, NERA has asked the operator under investigation for
information on the difference between HCA and CCA valuations for duct. However, KPN
was not able to split its asset base by asset type in its submission, and therefore it is not
possible to isolate the duct values. Therefore, NERA has used an average figure of 10%
reduction, based on previous experience. To test this assumption, a sensitivity has been run
on varying this reduction by 5%; the results of this sensitivity can be found in Section 4.5.4.

There is a further issue which may affect the calculation of net replacement cost. For each of
the US LECs, GRC has been converted to NRC using the NBV/GBYV ratio. However, for
KPN, the NRC is calculated directly (and therefore is effectively converted using the
NRC/GRC ratio).

For the majority of asset types, where prices do not change by a large amount from year to
year, these two calculation methods would produce similar results. However where asset
prices have changed by a large amount between the data of purchase and the current time, it
is likely that there will be some difference between the direct calculation and the conversion
calculation.

Duct is the asset category most likely to be affected by this difference. Firstly, the price of
duct is heavily influenced by labour costs, which are relatively fast changing compared to
most other asset prices. Furthermore, duct tends to have a long asset life, with a relatively old
asset base. This further increases the difference in prices between the initial purchase and the
current time.

In order to avoid this issue, we would ideally use the NRC/GRC ratio for each of the US
LECs. However, this is not available. In previous efficiency studies, NERA has asked the
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operator being examined for details of the differences between NBV/GBYV and NRC/GRC
ratios for duct assets. However, as stated above, KPN does not report any duct assets.
Therefore, NERA has examined the difference between the two ratios in previous projects.
While there is often some effect on total costs, this effect is not large and often has no
significant effect on the final results of our study.

Therefore, NERA has not made an adjustment for this effect. If an adjustment were to be
made, it would have the effect of making KPN look less efficient.

3.21.2. US LEC depreciation costs

Since the US LECs’ depreciation is reported in historic cost terms, it is also necessary to
convert this to current cost terms.

NERA has used the actual effective depreciation rates of each type of asset for US LECs
when estimating their CCA depreciation costs. The effective depreciation rate is calculated
by comparing the actual depreciation reported by each company in each year to the GBV of
that company in that year. Therefore, CCA depreciation is calculated using the formula:

_ depreciation ;.

depreciation ., = GBI xGRC

This approach has a number of benefits. If depreciation were estimated using KPN’s
depreciation rates, a single depreciation calculation would need to be used for all US LECs
for all years. When using a dataset spanning eight years, this assumption is unlikely to hold
true, since the effective depreciation rate will be influenced by the proportion of capital
which is fully written down. Furthermore, this approach allows for the fact that older assets
may have been depreciated at a higher or lower rate than currently exists.

In addition, there may be a large difference between the actual effective depreciation rate of
an asset and its stated depreciation rate, both in the Netherlands and the US. This is
especially true where there are assets which have been bought under a different depreciation
regime. Since KPN’s actual depreciation cost may not exactly equal the depreciation cost
that would be calculated from accounting rules, it would not be realistic to apply these
accounting rules to the US LECs. It is preferable, therefore, to look at the actual depreciation
written down by each US operator in each year4.

3.2.1.3. US LECs cost of capital

It is also necessary to assess the cost of capital for the US LECs. To do this, the net
replacement cost for each asset type is multiplied by the weighted average cost of capital
(WACC).

* Although the depreciation written down each year is influenced by accounting practises rather than actual economic usage,
it is not possible to measure the latter for either the US LECs or KPN. Where accounting lives differ from economic
lives, therefore, there may be a slight inaccuracy in our calculation of the true depreciation of a firm’s assets. However,
this difference is likely to be not material.
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Following consultation with OPTA, KPN and an industry working group, NERA has chosen
to use a single WACC for all companies for all years up to and including 2004. The
justification for such an approach relies on the view that one would expect the long run cost
of capital for each company to be relatively stable and that, for the common set of network
activities that are the subject of this study, one might not expect there to be much variation
between the costs of capital for different companies.

The WACC to be used has been estimated specifically for this study in a separate report,
commissioned by OPTA’. This WACC of 9.2% has been applied to the net replacement cost
(NRC) to find the cost of capital for each company under these two approaches. The NRC is
calculated, as described in Section 3.1.1, by multiplying the GRC by the NBV/GBYV ratio.

3.21.4. Other adjustments to costs
A number of other adjustments have been made to the US costs:

= The US LECs separately report Telecommunications Plant Under Construction (TPUC),
without identifying the component assets. Therefore, it is not possible to identify to
which asset categories this construction relates. However, this is only a very small
element in the overall asset base of the US LECs. In 2004, for example, TPUC accounted
for, on average, under 2% of the total Telecommunications Plant asset base. Therefore,
since there is no information available concerning exactly what assets are included in this
account, we allocate these assets to the GRC of each asset category based on the
assumption that it is exclusively replacement investment (we allocate plant under
construction to the various asset groupings in proportion to the relative level of
depreciation in each).

= Total depreciation and amortization expenses on a historical cost basis were removed
from the US LEC operating costs, since these have been recalculated on a CCA basis (as
described above).

= The US LECs consider bad debts to be a reduction in revenue. However, under US
GAAP KPN includes bad debt (but not bad debt expenses) in its operating expenses.
Therefore, bad debts have been included in the calculation of the US LECs’ operating
costs.

= The data for the US LECs covers both network and retail activities. However, this study
only looks at the network operations of KPN. Therefore, it is necessary to remove those
costs of the US LECs that are related to retail operations. To do this, all cost categories
for the US LECs were first categorised as either:
— directly attributable to the running of the network;

— directly attributable to retail activities; or

- indirectly attributable to both.

* Estimating the Cost of Capital of KPN’s Wholesale Activities in Holland: a Report for OPTA, 14 November 2005
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Setting aside indirect costs, the proportions of each company’s total direct costs (retail
and network) that were attributable to each of ‘network’ and ‘retail” were estimated.
Following this, indirect costs were allocated between ‘network’ and ‘retail’ according to
these proportions, for each company. This allows the total cost of network operations
(direct plus indirect) to be derived.

» It is not possible to disaggregate the US LEC data into costs incurred from the provision
of an access network and costs incurred from the provision of a core network. Data is
provided split only by asset types, and attempting to allocate these assets to either the core
or access network would be an arbitrary process. Therefore, NERA has calculated an
efficiency score only for the total fixed network operation.

3.2.1.5. Currency conversion

As outlined in Section 3.1.1.1, it is necessary to ensure that all costs are measured in a single
currency. Since our model is to be used to predict future movements on KPN’s efficiency,
and it is not possible to accurately predict exchange rates going forward, it is necessary to
convert the US cost data into euros.

In general, it would not be appropriate to use actual market exchange rates in this conversion,
since actual market exchange rates can be subject to considerable volatility and typically
reflect other influences in addition to differences in price levels between countries (and,
therefore, do not reflect the comparative costs of labour and material purchases made by
telecommunications operators). Exchange rates based on PPP (purchasing power parities),
on the other hand, eliminate the impact of differences in price levels between countries. It
might be argued that, for goods that can be purchased in international markets, actual market
exchange rates would be appropriate. However, even in this case, when exchange rates are
fluctuating the prices of goods rarely fluctuate to the same extent and hence the use of actual
rates could give a misleading indication of the actual costs

In our analysis we have used PPP exchange rates for all operating expenses and asset
categories. The PPP data used in this study has been obtained from the OECD publication
“Purchasing Power Parities and Real Expenditures” and the IFS Yearbook.

The OECD publication provides data only for the PPP of GDP in recent years. A previous
OECD publication, last published in 1993, calculated PPPs for specific asset categories (for
example, non-residential buildings, electrical equipment, non-electrical equipment, transport
equipment and civil engineering works). However, this has not been updated for the relevant
asset categories. Also, the PPP for GDP is generally considered to be more statistically
reliable as it is based on a significant number of different data points, whilst the PPPs for
specific asset categories, even when they are available, are based on a relatively small
number of data points for each category.

While PPPs include the effects of relative wage rates in each country, it is possible that wage
rates in the communications sector do not follow this general trend. To test for this, NERA
has tried including a variable measuring the average wage per employee in each company in
our regression analysis. This variable has been found to be insignificant, indicating that
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differences in cost due to differences in wage rate are adequately picked up by the currency
conversion using PPP.

Therefore, NERA has used the GDP PPP exchange rate for each year to convert the US
LECs’ costs into euros.

3.2.2. Outputs

As for KPN, output data for the US LECs comprises the numbers of switched lines, leased
lines (including special access lines), and switch minutes.

3.2.2.1. Line numbers
US LECs operate three types of access line:

— switched lines;
— leased (private) circuits; and

- special access lines.

3.2.2.1.1. Leased lines

While the numbers of switched and special access lines are reported in the ARMIS database
for every year in our sample, the number of leased circuits has only been reported since 2002.
This figure only counts the absolute number of lines, and does not take into account their
capacity. Therefore, in order to be consistent over time and to take account all factors
influencing the costs of leased lines, we have calculated our leased lines variable using the
leased line revenues reported to the ARMIS cost database. These revenues have been divided
by the average price of a 64kbps-equivalent leased line, as reported by the OECD®, to give an
estimate for the number of 64kbps-equivalent leased lines operated by each LEC.

This methodology gives a good approximation of the number of 64kbps-equaivalent leased
lines, but there are some limitations with the methodology. Firstly, it is unlikely that costs
vary linearly with capacity for leased lines — it is unlikely, for example, that a 512kbps leased
line will incur costs eight times as high as a 64kbps leased line. However, without knowing
the exact mix of capacities for each firm, it is not possible to adjust for this. Secondly, this
methodology assumes that prices of leased lines are constant over all US LECs.

While we would not expect prices to be exactly the same, there are reasons to believe that
leased line prices do not wildly vary between US LECs. Firstly, most LECs are owned and
operated by larger holding companies, which have a tendency to harmonise policy across
each of their subsidiaries. Furthermore, in many areas LECs face competition for the
provision of leased lines, from CLECs (competitive LECs) or other communications firms.

¢ OECD Communications Outlook 2005, OECD

NERA Economic Consulting 19



The Comparative Efficiency of Data Collection and Processing
KPN

This competition would further cause prices to be broadly consistent between the holding
companies.

3.2.2.1.2. Special access lines

While the LECs’ special access lines and KPN’s Cityring lines are closely analogous, the
distinction between leased lines and these special types of line are not absolutely clear, since
some special access lines and Cityring lines can be used in the same way as a true leased line.
Since these services are closely related, therefore, we are able to aggregate leased circuits and
special access lines into one variable. This will help to ensure that the effect of any
differences in definition is minimised.

Rather than assuming an equal weight for both types of line, we consider the components of
each type of line. A leased line has two customer ends and generally a main link, while a
special access line has only one customer end (special access lines connect with an inter-
exchange carrier point of presence) and generally has a main link and an interconnecting
circuit at the inter-exchange carrier point of presence. Therefore, we place a weight of 2 on
leased lines, and a weight of 1.5 (more than a pure switched line but less than a leased line)
on special access lines.

3.2.2.2. Switch minutes

From the ARMIS dataset, information is available for the number of local, intra-LATA and
inter-LATA calls (both incoming and outgoing), as well as the number of outgoing minutes
for inter-LATA calls. The latter two figures allow us to calculate the average duration of an
inter-LATA call. This average duration has been applied to local calls and intra-LATA calls
to calculate the number of minutes for each category.

This methodology assumes that the average duration is constant over all types of call. This is
unlikely to be the case; one would expect to see a higher call duration for local calls (which
are much cheaper, if not free, in the US) and for intra-LATA calls. We would expect,
therefore, that this assumption will tend to underestimate the volume of US LEC call minutes
and hence tend to make KPN look more efficient than it actually is.

3.2.2.2.1. Unsuccessful local calls

In December 1999, the FCC revised its definition of what should be included by the LECs in
their submissions concerning the number of local calls made using their networks. This
revision introduced an explicit instruction to LECs to include the number of unanswered calls
in their measurement of the total number of local calls made, whereas previously there had
been no such explicit request for data on unanswered calls.

This raises the question as to what the local call data used for years prior to 1999 represents.
Comments from the FCC indicated that some LECs already included unanswered calls when
submitting local call numbers whereas others did not. However, they had no indication as to
what proportion of companies included unanswered calls.

If the LECs had not included unanswered calls in the local call numbers prior to 1999 we
would expect to see a sharp increase in the number of local calls in 1999 compared to earlier
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years. However this does not appear to be the case for any LEC in 1999. Therefore simple
inspection of local call numbers suggests that the LECs were already including unanswered
calls in their local call numbers. To allow for this we have reduced all local call minutes by
30% for all years in order to provide estimates of the number of completed local calls for
each of the LECs.

3.2.2.2.2. Conversion to switch minutes

To convert these call minutes to switch minutes, NERA has used routing factors estimated
from the Hatfield model in the US, and from other analysis. The routing factors used are
shown in Table 3.1.

Table 3.1
US LEC routing factors

Local switch routing factor Main switch routing factor

Local calls 1.54 0.02
Intra-LATA calls 2 0.2
Inter-LATA calls 1 0.3

Source: Hatfield Model and NERA analysis

For the local switch, we estimate that 46% of local calls are routed only through one
exchange (based on an input to the Hatfield model), whilst the remainder use two switching
stages. This implies a local call routing factor of 1.54. Meanwhile, intra-LATA calls always
pass through two local switches (one at each end of the call), whilst, for inter-LATA calls
only one local switch is involved, either at origination or at termination.

For main switches, the Hatfield model states that 98% of local inter-office traffic is directly
routed between originating and terminating end offices as opposed to being routed via a
tandem switch. This yields a routing factor for local calls passing through tandem switches
0f 0.02. For long distance calls, however, the situation in the US is more complex. It can be
assumed that all long distance calls using LEC switches pass through two local switches —
one at each end of the call. However, beyond this, routing is different for intra-LATA and
inter-LATA calls.

In the case of intra-LATA toll calls, around 80% are assumed to be routed directly to the
terminating local switch, whilst the remaining 20% are assumed to transit through a tandem
switch — thus giving a routing factor of 0.2. Inter-LATA calls, on the other hand, are
assumed to be routed from the LEC local switch directly to a long distance carrier point of
presence in 70% of cases (based on information obtained from Bellcore), whilst in the
remainder of cases they will transit through an additional tandem switch on route. At the far
end of the long distance operator’s network the call will exit at another point of presence
(again usually at a long distance operator switch but sometimes at another location), and be
delivered through the destination LEC’s network in roughly the same manner as that in which

7 This is based on the typical proportion of unanswered calls drawn from the Hatfield model in the US, and is consistent

with NERA’s experience of the proportion of calls that are unanswered calls in a variety of European countries.
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it was originated. This would suggest that each end of an inter-LATA call passes through an
average of 0.3 tandem switches within the LEC network.

3.2.2.2.3. Composite switch minutes variable

Multicollinearity presents a particular problem in the case of local and main switch minutes,
where the correlation between the variables is so strong that it is impossible to identify the
separate cost impact of an additional local switch minute as opposed to a main switch minute.
In order to overcome this problem, it is possible to construct a composite switch minute
variable using external data (particularly from network costing studies). Relevant data is
shown in the table below.

Table 3.2
Relative costs of local and main switching
Source Local switch Main switch main/local
US (LRIC) FCC 0.2-0.4 cents 0.15 cents 0.38-0.75
KPN (LRIC) OPTA XX eurocents XX eurocents XX
Approximate midpoint 0.5

Source: as shown (XX indicates confidential data)

This data indicates some variation in the relative costs of local and main switches in the
networks of different operators. However, for the purposes of this analysis it is necessary to
determine an appropriate weight for the “output” of a main switch minute relative to a local
switch minute, rather than a relative company-specific cost. This is because the fact that the
cost of main switches in the KPN network may differ from those in other networks is part of
the cost efficiency we are trying to measure.

This suggests that we should use the same relative weight for the output of local and main
switch minutes for all operators. The relative weight we have chosen is based on an
approximate midpoint cost ratio for local and main switch minutes for all operators. The data
in Table 3.2 suggests a figure of around 0.5 for this ratio. Therefore, a new variable has been
calculated to reflect traffic volumes as follows:

‘standard’ switch minutes = (local switch minutes) + 0.5 X (main switch minutes)
3.2.2.2.4. Adjusting for Differences in Calling Rates

When modelling the efficiency of KPN, there may be concerns that calling rates per line will
be significantly different between the UK and the US. The output data collected for this
study suggest that calling rates per line (minutes per line) in the US are approximately 1.55
times greater than in the Netherlands in 2004.

However, this difference is captured implicitly though the basic formulation of the regression
model.

In(cost) = a + b, In(lines) + b, In(minutes) +...+u
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In order to include the difference in calling rates, the model could be made more explicit by

. . . . minutes . .
using the compound variable “minutes per line”, calculated by ———, instead of simply

lines
“minutes”, as an explanatory variable in the model. However, since the model is constructed
using a double-log specification, the only impact this will have is to impose some constraints
on the model coefficients, as follows:

In(cost) = a + (b, +b,)In(lines) + b, 1n(’”1’f“—”tes) bt
mes

The value of u, the residual error, would not change. Since it is this residual which reflects
the comparative efficiency of the various companies, forcing the model to explicitly consider
differences in calling rates would have no effect on the results, and would only serve to
impose constraints on the coefficients in the model.

3.2.3. Network and environmental data

Data for the US LECs has been collected to match that provided by KPN. This includes:

— Sheath length in the network;

— Central office and remote switches;

— Duct route length;

— The proportion of the network which uses optical fibre;
— The proportion of business lines to residential lines; and
- The average wage of employees.

In addition, a number of environmental variables have been derived including the population
density and proportion of the population living in metropolitan areas.

3.2.4. Other data issues
3.2.4.1. Structural breaks
Statistical analysis of the data collected for US companies has indicated that there is evidence

of a structural break in cost data between the years 1998 and 1999. A structural break occurs
when there is a step change in the level of costs or other variables.
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There are a number of possible explanations for this break. For example, from analysis of
NERA’s dataset, there was a sharp decrease in cable and wire prices between 1998 and 1999°
which led to a parallel fall in the US LECs’ CCA asset values for cable.

To deal with this structural break, NERA has considered two possible options. Firstly, it is
possible to run the model only considering years since 1999. However, this reduces
significantly the number of observations, and will not produce such a robust model. In
particular, for variables which do not experience a structural break, we would be losing a lot
of explanatory power.

Secondly, we could introduce a dummy variable to measure the effect of the break between
1998 and 1999, as well as an interaction term on the time trend to allow the general trend in
costs to differ between these two periods.

Furthermore, it would also be possible to introduce interaction terms for any explanatory
variables that appear to have a similar structural break, to allow the impact of output variables
to change between the period up to 1998 and the period from 1999 onwards. However, when
the general trend of all variables is investigated over the full nine-year period, no such breaks
were found.

By including these interaction terms, we will allow the model to fit closely to a model run
over only the last six years, while using to use the full dataset to produce the cost model. As
a result, this model should be more robust. In our view, this is the better of the two options.
We have therefore incorporated a dummy variable and interaction term on the time trend into
the cost model.

3.24.2. Excluded companies

A number of US companies which report to the ARMIS database are excluded from our
analysis. These are:

= Puerto Rico Telephone Company and Verizon Hawaii, which both operate on small
islands, and as such would be likely to face substantially different cost structures from the
remainder of the sample. Initial attempts to take account of these differences through the
use of a dummy variable have proved to be insufficient, and so both companies were
removed from the sample.

= Verizon Washington DC, which was excluded from all datasets because it was identified
as a significant outlier, since its cable sheath length per line variable was significantly
lower than those of the other companies in the dataset and its ratio of business lines to
residential lines was significantly higher. This is due to its restricted, highly urban area of
operation, which makes it an unsuitable comparator for KPN.

= A number of small Contel companies, which provide cost data separately from a sister
company in the same area. For example, Verizon North Contel Indiana provides cost data
separately from Verizon North Indiana. However, output and environmental data for

From analysis of the US Statistical Abstract’s PPI data.
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these companies is not available on a disaggregated basis. NERA has been advised by the
FCC that operations within these Contel companies are mainly governed by the larger

companies in each state, and it is therefore reasonable to consider Verizon North’s
operations in Indiana as a whole.
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4. Results

In this section the results of the comparative efficiency assessment are set out and discussed.

Firstly, we will look briefly at the raw indicators of unit costs, which will indicate whether
KPN’s costs are likely to be efficient or inefficient. Secondly, we look at the final model
specification derived for regression analysis of KPN’s costs, and examine the definition of
costs used. Finally, we set out our results obtained from using this model.

4.1. Basic Unit Cost Analysis

While unit cost analysis is a very crude indication of the efficiency of a firm, it does allow us
to gain some understanding of the model which we are to build.

Unit costs are calculated by comparing the total cost of a firm’ to one of its outputs. For
example, the total cost of Qwest Utah is €425151.7 in 2004. At this time, the company
operated 850329.7 switched lines. The unit cost per switched line is therefore 0.49998.

Some measures of unit cost analysis are outlined below, showing the minimum, maximum
and average levels across all firms in our sample, alongside KPN’s figures.

Table 4.1
Unit Cost Analysis
Mean Minimum Maximum KPN
Cost per switched line 0.4942412 0.2816264 0.8182454 0.2816264
Cost per leased line (64kbps) 0.5704886 0.1109437 4.4957280 0.1109437
Cost per switch minute 0.0000328 0.0000066 0.0000690 0.0000235

Source: NERA analysis

This table shows strong indications that KPN has a low unit cost per switched line and per
leased line, and an average cost per switched minute. However, some of this apparent
efficiency may be due to the favourable environment in which KPN operates. Our further
analysis below attempts to take this environmental difference into account.

4.2. Model specification

As described in Section 3, NERA has collected a number of potential cost driver variables for
each operator. Our analysis using a Cobb-Douglas log-log model, as discussed in Section
2.2, results in a specification of the following form:

% Here, ‘total cost’ refers to the total cost of running the network and is not allocated to each output. Therefore, the unit cost
measures the cost of all outputs divided by only one output. This will not give an accurate measure of how much a
single line (or so on) costs to run.
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In(totalcost) = o + B outputs + B,environmental + B,time

+ B, dummy, oo 1905 + Bstime,goq 1905

In this equation, the output variables include switched lines, leased lines, and switch minutes.
Environmental variables include factors such as the population density, the cable sheath used
in the network, the ratio of national call minutes to other call types, and the ratio of business
lines to residential lines. Finally, X 140s indicates a variable X which is only non-zero for
observations before 1999. These last terms are designed to capture the structural break
identified in the data, as described in Section 3.2.4.1.

When running this regression model, we do not include KPN as an observation. Since KPN
is one of the larger companies in the sample, it would have a tendency to skew the equation
by “pulling” the regression line towards itself. This would have the effect of reducing KPN’s
observed efficiency or inefficiency, and worsening the fit of the model. By removing KPN
from the sample, we ensure that the regression is not biased in this way, and we may then use
the estimated equation to predict KPN’s costs outside of the model.

The final specification of the model was found using a general-to-specific methodology.
Under this methodology, a general specification is formed using all available variables which
may be considered potential drivers of costs. These variables are then reduced using a step-
by-step process to identify those variables which are empirically (rather than just
theoretically) significant explanatory variables and to reject those that were not. Decisions on
the step-by-step exclusion of variables were made based were made generally on the basis of
statistical significance'®.

Our final specification takes the form:

In(cost) = o
+ B, In(switchedlines)
+ B, In(leasedlines)
+ B, In(switchminutes)
+ B, In(totalsheath)
+ B; In(businessresidentialratio)
+ B, In(nationalcallsperother)
+ B.time
+ Bedummy,geq 1905

+ Bytime,goq 1905

This specification allows for the structural break discussed in Section 3.2.4.1. By interacting
variables with the first time period, we are able to see more clearly how the model would
predict costs going forwards.

' The significance of variables was tested using both the t statistics for the variable in the estimated regression and by

testing that excluding the variable from the regression did not significantly alter the model fit (as measured by the log
likelihood function).
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The functional form of the model outlined above allows us to interpret the coefficients on
each variable as an elasticity. Therefore, if we see a 1% increase in switched lines, we would
see a 3, % increase in costs.

This also allows us to consider how costs are varying over time. The time variable in our
equation is set at 1 in 1996, and increases by one each year. Therefore, the value of 3, will

give the percentage increase or decrease in costs over time'".

Finally, the interaction term allows the relationship between time and costs to differ between
the first three years of our sample and the last three years. To find the relationship applicable
before 1999, the appropriate elasticity will be 8, + 3, .

4.21. Choice of variables

The variables listed above have generally been chosen by considering which are the most
statistically significant variables, using a general-to-specific methodology. However, there
are some choices over variables which are not made in this way. In particular:

= The ratio of business lines to residential lines appears to be insignificant in our final
equation, but removing this variable appears to negatively impact on the fit of the model.
This is probably due to some hidden correlation within the model, and as such the
variable should not be removed.

= Population density and total sheath length (per line)'? are significantly correlated.
Because of this, only one of these variables should be included. While population density
is theoretically closer to the aim of the variable (to measure the environment in which a
firm operates), our measures of population density are limited by the fact that we have
data only at state level and only for one year in the sample (2000). Total sheath is
therefore a better measure. However, there are concerns that if the structure of KPN’s
network were inefficient, then including total sheath as a proxy for population density
would mean that some inefficiency is allowed for in the model. To ensure that this is not
the case, NERA investigated the relationship between total sheath per line and population
density for the US LECs and for KPN. There is a strong negative relationship between
total sheath per line and population density. While KPN has the highest population
density of any firm in our sample, and the lowest total sheath per line, these values are not
outliers in terms of the average relationship. Therefore, total sheath per line (and
therefore total sheath) can be considered an adequate replacement for population density.

* The US LECs report duct lengths and the number of central and remote switches in their
networks. However, KPN does not report any duct length in their submission. It is
therefore not possible to compare KPN to the US LECs using this variable. Furthermore,

' All costs are measured in nominal terms, so in order to find the change in real costs over time we will need to take account
of the rate of inflation. Inthe US, over the period studied, the average inflation rate has been around 2.50%. Therefore,
the change in real costs over time can be estimated by the change in nominal costs minus 2.50%.

'2 Although our equation includes only total sheath length, and not sheath length per line, the log-log specification of the
model means that the equations are equivalent since the coefficients of either equation can be rearranged to give the
other.
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while KPN does report the number of switches used in its network, the definition of these
switches for the US LECs is not clear, and as a result the measures may be incompatible.
Again, it would not be robust to compare KPN to the LECs using these variables.

4.3. Stochastic Frontier Analysis results
This Section outlines the results obtained using a time invariant Stochastic Frontier Analysis.

For total costs, calculated by using a constant cost of capital over all firms of 9.2%, our
estimated equation has the coefficients set out in Table 4.2. As stated in Section 4.2, when
running this regression KPN is not included as an observation. This is to ensure that KPN
does not have an impact on the final results.

Table 4.2
Multi-Year Stochastic Frontier Analysis

Coefficient  Standard  T-statistic Significance
error 18

Log of switched lines 0.544 0.054 10.170 0.000
Log of leased lines 0.023 0.009 2.740 0.006
Log of switch minutes -0.039 0.013 -3.020 0.003
Log of total sheath 0.493 0.046 10.700 0.000
Log of business-to-residential ratio 0.005 0.033 0.160 0.870
Log of national minutes per other minute 0.028 0.006 4.520 0.000
Time 0.006 0.004 1.510 0.130
1996-1998 Dummy 0.084 0.024 3.540 0.000
1996-1998 Time interaction -0.015 0.007 -2.180 0.029
Constant 0.273 0.311 0.880 0.381
Log likelihood 694.72

Source: NERA analysis

As can be seen, the model is generally highly significant, with the exception of the business-
to-residential ratio (although as explained in Section 4.2.1, this appears to be spuriously
insignificant since removing it has a significantly adverse impact on the model) and the time
variable. As previously explained, costs are measured in nominal terms in this model, and to
find the real change in costs each year, we must take account of inflation (at around 2.5%).

All coefficients in this model are intuitive, with the exception of the sign on the switched
minutes variable. However, this is unlikely to reflect the true impact of changes in switch
minutes on costs. Instead, switch minutes are highly correlated with switched lines, and as
such there is likely to be some interaction between these two variables in our model.

13 A significant variable has a statistic less than or equal to 0.05.
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Therefore, changes in the values of switched lines and switch minutes must be considered
together.

This may cause a slight inconsistency when we apply this regression to KPN’s data.
Although the correlation between switched lines and switched minutes is very high over all
US LEC:s, there is no a priori reason to assume that this holds for KPN. Indeed, we may
expect KPN’s switch minute per line value to be significantly lower from that of the average
US LEC, due to the historical calling patterns in both countries. If KPN were a significant
outlier in this respect, then we may not be able to apply this regression directly to KPN’s
data.

Examining the calling patterns for all firms shows that, while KPN does have a lower-than-
average number of minutes per line, it is not an outlier (since there are a number of firms with
even fewer minutes per line). Since KPN’s switched minute total is lower than average, any
impact on the results would be to make KPN appear more efficient than they actually were'*.
However, since KPN’s minutes per line is comparable to that of the US LECs, we should not
expect the results to be significantly biased.

We apply the coefficients of this model to our full dataset in 2004, including KPN, to find the
estimated efficiency of each firm. Doing this, we find efficiencies as set out in Table 4.3.

' This occurs because of the relative weight put on switched lines and switched minutes by the regression. Since more
weight is given to switched lines, a greater proportionate increase in switched lines would lead to a higher predicted
cost, and therefore a lower inefficiency score.
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Table 4.3

Stochastic Frontier Analysis Efficiency Scores for 2004

Results

Company Residual Compared to Compared to Compared to
top firm decile midpoint

1 Verizon NO-lllinois 0.037 0.0% -19.8% -41.9%
2 Verizon SO-lllinois 0.080 4.4% -16.4% -39.4%
3 Verizon NO-Wisconsin 0.101 6.6% -14.6% -38.1%
4 Verizon NO-Michigan 0.122 8.8% -12.8% -36.8%
5 Verizon NO-Ohio 0.143 11.2% -10.9% -35.4%
6 KPN 0.252 24.0% -0.6% -28.0%
7 Qwest-Montana 0.258 24.8% 0.0% -27.5%
8 Qwest-ldaho South 0.287 28.3% 2.9% -25.4%
9 Verizon NO-Indiana 0.358 37.8% 10.5% -19.9%
10 Verizon NO-Pennsylvania 0.362 38.4% 10.9% -19.6%
11 Qwest-lowa 0.366 38.9% 11.4% -19.3%
12 Qwest-South Dakota 0.377 40.5% 12.6% -18.4%
13 BellSouth-Mississippi 0.377 40.6% 12.7% -18.3%
14 Qwest-North Dakota 0.379 40.8% 12.9% -18.2%
15 Qwest-Wyoming 0.443 50.1% 20.3% -12.8%
16 Indiana Bell 0.443 50.1% 20.3% -12.8%
17 BellSouth-Tennessee 0.458 52.3% 22.1% -11.5%
18 Michigan Bell 0.463 53.1% 22.7% -11.0%
19 Wisconsin Bell 0.463 53.1% 22.7% -11.0%
20 BellSouth-Kentucky 0.468 53.9% 23.4% -10.6%
21 Verizon NE - Maine 0.486 56.7% 25.6% -9.0%
22 Southwestern - Oklahoma 0.495 58.1% 26.8% -8.1%
23 BellSouth-Alabama 0.496 58.2% 26.8% -8.1%
24 Verizon NW-ldaho 0.496 58.3% 26.9% -8.0%
25 Contel Nevada 0.501 59.1% 27.5% -7.6%
26 BellSouth-South Carolina 0.506 59.9% 28.1% -7.1%
27 Verizon SO-Virginia 0.529 63.6% 31.1% -5.0%
28 Contel Arizona 0.532 64.0% 31.5% -4.7%
29 Verizon NE - Vermont 0.534 64.3% 31.7% -4.5%
30 Southwestern - Kansas 0.538 65.1% 32.3% -4.1%
31 Southwestern - Arkansas 0.543 65.8% 32.9% -3.6%
32 Qwest-Minnesota 0.548 66.7% 33.6% -3.2%
33 Verizon-West Virginia 0.568 70.0% 36.3% -1.2%
34 BellSouth-Louisiana 0.578 71.7% 37.6% -0.2%
35 Qwest-New Mexico 0.582 72.5% 38.2% 0.2%

36 Verizon-Delaware 0.585 73.0% 38.7% 0.5%

37 BellSouth-North Carolina 0.597 75.1% 40.4% 1.8%

38 Verizon SW-Texas 0.606 76.6% 41.6% 2.6%

39 Ohio Bell 0.612 77.6% 42.4% 3.2%

40 Verizon NE - New Hampshire 0.612 77.7% 42.5% 3.3%

Yl Verizon NW-Oregon 0.618 78.8% 43.3% 3.9%

42 Nevada Bell 0.645 83.7% 47.2% 6.7%

43 Southwestern - Missouri 0.663 87.0% 49.9% 8.7%

44 Qwest-Nebraska 0.671 88.5% 51.1% 9.5%

45 BellSouth-Georgia 0.675 89.3% 51.8% 10.0%
46 Verizon NW-Washington 0.702 94.4% 55.8% 13.0%
47 Qwest-Oregon 0.705 95.1% 56.4% 13.4%
48 Verizon-Virginia 0.714 96.7% 57.7% 14.3%
49 Verizon-Pennsylvania 0.716 97.2% 58.1% 14.6%
50 Qwest-Utah 0.727 99.3% 59.8% 15.8%
51 Verizon NE - Rhode Island 0.728 99.5% 59.9% 15.9%
52 Pacific Bell - California 0.728 99.5% 59.9% 15.9%
53 Verizon SO-South Carolina 0.731 100.2% 60.5% 16.3%
54 BellSouth-Florida 0.735 100.9% 61.1% 16.8%
55 Qwest-Washington 0.744 102.8% 62.5% 17.8%
56 lllinois Bell 0.744 102.8% 62.6% 17.9%
57 Verizon-Maryland 0.747 103.5% 63.1% 18.3%
58 Verizon NW-West Coast California 0.750 104.0% 63.5% 18.5%
59 GTE California 0.764 106.9% 65.8% 20.2%
60 Qwest-Colorado 0.772 108.5% 67.1% 21.2%
61 Qwest-Arizona 0.780 110.3% 68.5% 22.2%
62 Verizon SO-North Carolina 0.792 112.8% 70.6% 23.7%
63 Verizon-New Jersey 0.814 117.6% 74.4% 26.4%
64 SBC/SNET - Connecticut 0.817 118.0% 74.8% 26.7%
65 Southwestern - Texas 0.822 119.2% 75.7% 27.4%
66 Verizon Florida 0.848 124.9% 80.3% 30.7%
67 Verizon NE - Massachusetts 0.940 146.7% 97.8% 43.4%
68 Verizon New York Telephone 1.209 222.9% 158.8% 87.7%
NERA Economic Consulting 31



The Comparative Efficiency of Results
KPN

A negative efficiency score indicates efficiency compared to the reference point and a
positive result indicates inefficiency. For example, Michigan Bell is 22.7% less efficient than
the decile, and 11% more efficient than the midpoint firm.

Results are shown for performance relative to points in the sample. The comparison with
these points is shown to ensure that the comparison is against an achievable level of
efficiency. By its nature, the SFA technique aims to fit an ‘envelope’ around the most
efficient observations. Therefore, if there are any data or estimation problems (for example,
unobservable heterogeneity), the technique could produce a frontier that is biased outwards
and would make observations appear spuriously efficient.

In Table 4.3, KPN is shown to lie one place above the decile firm, and is 0.6% more efficient
than this firm. Furthermore, KPN lies well above the midpoint, and is 28.0% more efficient
than this firm.

This estimated efficiency score can be reconciled to our findings in Section 4.1, where we
found that KPN looked to be very efficient from unit cost analysis. While switched lines and
leased lines are relatively important in our model, other environmental factors also play an
important role. It appears that these environmental factors indicate that KPN operates in a
more favourable environment than other firms in the sample, and therefore would be
expected to have a lower cost. This in turn increases its inefficiency score, so that it is not
seen as the absolutely most efficient firm.

4.31. Application to 2008 data

KPN has supplied forecast data for 2008 so that OPTA may estimate how KPN’s efficiency
will change over time. Since we have assumed a time invariant inefficiency specification for
the US LECs (see Section 4.5.1 for details of alternative specifications), we are able to
directly compare KPN’s forecast costs and volumes against the US LEC inefficiencies
derived in this model, to derive KPN’s forecast efficiency.

Applying KPN’s 2008 data to this model gives results as shown in Table 4.4.

Table 4.4
Stochastic Frontier Analysis Efficiency Scores for 2008
Compared to top firm Compared to decile Compared to midpoint
KPN 2.4% -17.90% -40.5%

Source: NERA analysis

KPN’s efficiency appears to improve significantly between 2004 and 2008, and KPN moves
further above the decile to be ranked second in the sample.

This result initially appears unintuitive, since KPN’s costs are falling at a slightly lesser rate
than KPN’s switched and leased line provision. However, if we look at the regression
equation, then the change in lines overall has approximately only a 60% relationship with
costs. That is, if lines were to decrease by 10%, then, all other things being equal, for a
company to remain at the same efficiency level it would require costs to fall by only 6%.
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Were costs to fall by a percentage greater than this (but less than the 10% fall in lines), then
the company would appear to be more efficient.

Furthermore, on examining KPN’s future costs we can see that a large proportion of KPN’s
forecasts are allocated to services which are outside the scope of our study, including DSL
transmission. Also, the total sheath length is predicted to remain roughly constant over time,
therefore substantially increasing the sheath length per line for KPN (as lines fall). This will
affect the ability to use total sheath length per line as a proxy for population density.

4.4. Generalised Least Squares Analysis results

As described in Section 2.8, NERA believes that a multi-year stochastic frontier analysis is
the best measure of efficiency given the size and scope of our dataset. However, we can also
run the same specification using an alternative model to test for the robustness of our results.

Generalised least squares (as described in Section 2.4.1) provides one such alternate model.
GLS seeks to estimate an ‘average’ cost function rather than an efficiency frontier, and does
not decompose the residual into measurement error and inefficiency as stochastic frontier
analysis does. This limitation is shared by a random effects error components model, which
is estimated using maximum likelihood iterative techniques in the same way as stochastic
frontier analysis. Therefore, to examine the effect of moving to an average cost function and
of not decomposing the residual, it is best to use this maximum likelihood method".

This model results in the equation set out in Table 4.5.

'S Where residuals are assumed normally distributed, a random effects error component model will give an identical
regression equation to a generalised least squares model.
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Table 4.5
Multi-Year Generalised Least Squares analysis

Coefficient Standard T-statistic Significance
error

Log of switched lines 0.548 0.053 10.390 0.000
Log of leased lines 0.023 0.009 2.730 0.006
Log of switch minutes -0.039 0.013 -3.050 0.002
Log of total sheath 0.493 0.046 10.700 0.000
Log of business-to-residential ratio 0.006 0.033 0.190 0.853
Log of national minutes per other minute 0.028 0.006 4.540 0.000
Time 0.006 0.004 1.570 0.117
1996-1998 Dummy 0.085 0.023 3.620 0.000
1996-1998 Time interaction -0.015 0.007 -2.230 0.026
Constant 0.813 0.295 2.750 0.006
Log likelihood 694.50

Source: NERA analysis

The first thing to note regarding this regression is the similarity to the stochastic frontier
analysis outlined in Table 4.2. Both the coefficients and the significance of variables are
closely aligned to that of SFA, with the exception of the constant (since we are here
estimating a cost function for an average firm, instead of a frontier). This means that we can
consider our model to be relatively robust, with a stable relationship between costs and
environmental factors against which to measure efficiency.

When applied to KPN’s data, we obtain an estimated efficiency as shown in Table 4.6.

NERA Economic Consulting 34



The Comparative Efficiency of
KPN

Table 4.6

Generalised Least Squares Efficiency Scores for 2004

Results

Company Residual Compared to Compared to Compared to
top firm decile midpoint

1 Verizon NO-lllinois -0.538 0.0% -20.3% -42.2%
2 Verizon SO-lllinois -0.487 5.3% -16.0% -39.1%
3 Verizon NO-Wisconsin -0.471 7.0% -14.7% -38.1%
4 Verizon NO-Michigan -0.451 9.1% -13.0% -36.9%
5 Verizon NO-Ohio -0.430 11.5% -11.1% -35.5%
6 KPN -0.348 21.0% -3.5% -30.0%
7 Qwest-Montana -0.312 25.4% 0.0% -27.5%
8 Qwest-ldaho South -0.285 28.9% 2.8% -25.5%
9 Verizon NO-Indiana -0.214 38.3% 10.3% -20.0%
10 Verizon NO-Pennsylvania -0.209 39.0% 10.8% -19.6%
11 Qwest-lowa -0.206 39.4% 11.2% -19.4%
12 BellSouth-Mississippi -0.195 41.0% 12.5% -18.4%
13 Qwest-South Dakota -0.192 41.4% 12.8% -18.2%
14 Qwest-North Dakota -0.189 41.9% 13.1% -18.0%
15 Indiana Bell -0.131 50.4% 19.9% -13.0%
16 Qwest-Wyoming -0.125 51.2% 20.6% -12.6%
17 BellSouth-Tennessee -0.115 52.7% 21.7% -11.7%
18 Michigan Bell -0.112 53.1% 22.1% -11.4%
19 Wisconsin Bell -0.110 53.4% 22.4% -11.2%
20 BellSouth-Kentucky -0.103 54.5% 23.2% -10.6%
21 Verizon NE - Maine -0.084 57.5% 25.6% -8.9%
22 Southwestern - Oklahoma -0.076 58.8% 26.6% -8.2%
23 BellSouth-Alabama -0.076 58.8% 26.6% -8.2%
24 Verizon NW-ldaho -0.070 59.7% 27.4% -7.6%
25 BellSouth-South Carolina -0.065 60.5% 28.0% -7.2%
26 Contel Nevada -0.062 61.0% 28.4% -6.8%
27 Verizon SO-Virginia -0.040 64.6% 31.3% -4.8%
28 Verizon NE - Vermont -0.035 65.5% 32.0% -4.3%
29 Southwestern - Kansas -0.032 65.9% 32.3% -4.1%
30 Contel Arizona -0.028 66.6% 32.8% -3.7%
31 Southwestern - Arkansas -0.027 66.7% 32.9% -3.6%
32 Qwest-Minnesota -0.024 67.2% 33.4% -3.3%
33 Verizon-West Virginia -0.002 70.9% 36.3% -1.1%
34 BellSouth-Louisiana 0.006 72.3% 37.4% -0.3%
35 Qwest-New Mexico 0.012 73.5% 38.3% 0.3%

36 Verizon-Delaware 0.016 74.0% 38.8% 0.7%

37 BellSouth-North Carolina 0.025 75.7% 40.1% 1.6%

38 Verizon SW-Texas 0.034 77.3% 41.4% 2.6%

39 Ohio Bell 0.038 78.0% 42.0% 3.0%

40 Verizon NE - New Hampshire 0.042 78.7% 42.5% 3.4%

41 Verizon NW-Oregon 0.050 80.0% 43.6% 4.1%

42 Nevada Bell 0.077 85.1% 47.6% 71%

43 Southwestern - Missouri 0.092 87.8% 49.8% 8.6%

44 BellSouth-Georgia 0.103 89.9% 51.4% 9.8%

45 Qwest-Nebraska 0.103 90.0% 51.5% 9.9%

46 Verizon NW-Washington 0.133 95.7% 56.1% 13.2%
47 Qwest-Oregon 0.135 96.1% 56.4% 13.5%
48 Verizon-Virginia 0.141 97.3% 57.3% 14.1%
49 Verizon-Pennsylvania 0.142 97.5% 57.5% 14.3%
50 Pacific Bell - California 0.151 99.3% 59.0% 15.3%
51 Qwest-Utah 0.157 100.5% 59.9% 16.0%
52 Verizon NE - Rhode Island 0.159 100.8% 60.2% 16.2%
53 BellSouth-Florida 0.161 101.3% 60.6% 16.5%
54 Verizon SO-South Carolina 0.165 102.1% 61.2% 16.9%
55 lllinois Bell 0.170 103.2% 62.0% 17.5%
56 Qwest-Washington 0.173 103.6% 62.4% 17.8%
57 Verizon-Maryland 0.175 104.1% 62.7% 18.0%
58 Verizon NW-West Coast California 0.190 107.2% 65.2% 19.9%
59 GTE California 0.191 107.4% 65.4% 20.0%
60 Qwest-Colorado 0.201 109.4% 67.0% 21.1%
61 Qwest-Arizona 0.209 111.2% 68.4% 22.2%
62 Verizon SO-North Carolina 0.226 114.9% 71.3% 24.3%
63 Verizon-New Jersey 0.241 118.0% 73.8% 26.1%
64 SBC/SNET - Connecticut 0.246 119.0% 74.7% 26.7%
65 Southwestern - Texas 0.249 119.7% 75.2% 27.1%
66 Verizon Florida 0.277 126.1% 80.3% 30.8%
67 Verizon NE - Massachusetts 0.369 147.7% 97.5% 43.3%
68 Verizon New York Telephone 0.638 224.2% 158.5% 87.5%
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Again, KPN is shown to be relatively efficient, ranked one place more efficient than the
decile. KPN here is 3.5% above the decile, but it must be remembered that this is comprised
of a genuine inefficiency score and random error, which may itself lie in the opposite
direction to the inefficiency.

While the random effects model is less likely to give an accurate picture of KPN’s efficiency,
its similarity to our SFA model in terms of coefficients and significance does imply that our
model is relatively robust.

4.5. Sensitivities and model robustness

This section describes a number of sensitivity analyses conducted to test the robustness of our
model using the total cost methodology. Each of these sensitivities was calculated using a
stochastic frontier analysis.

451. Use of a time varying decay Stochastic Frontier Analysis

The analysis in Section 4.3 relates to a stochastic frontier analysis model built under the
assumption of time invariant inefficiencies. However, it is also possible to run our analysis
allowing for inefficiencies to decay over time.

However, running a time varying decay SFA model over our dataset results in some
unexplainable changes in our model. The coefficients obtained using this analysis are
relatively unstable, varying greatly when the specification of the model is changed. In many
cases, the model is non-concave, meaning that a maximum likelihood estimation method
cannot reach an optimum point. Finally, the predicted inefficiencies are very large for all
companies, and are very widely spread, indicating a poor-fitting model.

NERA believes that these issues indicate that the time varying decay model is not sufficiently
robust for use in our analysis.

4.5.2. Varying the cost of capital

Throughout the previous results, total costs have been defined as the operating cost plus
depreciation plus the cost of capital. The cost of capital is calculated using a constant long-
run WACC over all operators of 9.2%, as derived in a separate report'®.

To test the sensitivity of the results to this assumption, two further regressions were run,
varying the cost of capital which was applied to all firms. The results of these regressions are
shown in Table 4.7.

16 Estimating the Cost of Capital of KPN’s Wholesale Activities in Holland: a Report for OPTA
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Table 4.7
Multi-Year Stochastic Frontier Analysis: varying cost of capital

Coefficients assuming

7.5% cost of 9.2% cost of 11.0% cost of

capital capital capital
Log of switched lines 0.550 0.544 0.541
Log of leased lines 0.026 0.023 0.021
Log of switch minutes -0.039 -0.039 -0.039
Log of total sheath 0.487 0.493 0.498
Log of business-to-residential ratio 0.007 0.005 0.004
Log of national minutes per other minute 0.029 0.028 0.027
Time 0.006 0.006 0.006
1996-1998 Dummy 0.082 0.084 0.087
1996-1998 Time interaction -0.014 -0.015 -0.015
Constant 0.199 0.273 0.336

Source: NERA analysis

There is a minimal impact on our regression if the cost of capital assumption is changed.

This indicates that the importance of capital costs within total costs is relatively constant over
all firms, including KPN. Not all coefficients move in the same way, however, meaning that
not all firms will be equally affected by the change in cost of capital assumption.

When these models are applied to KPN’s data, we find KPN’s efficiency is as estimated in
Table 4.8.

Table 4.8
Stochastic Frontier Analysis Efficiency Scores: varying cost of capital

Compared Compared Compared

to top firm to decile to midpoint
Cost of Capital at 7.5% 23.2% -1.2% -28.1%
Cost of Capital at 9.2% (base) 24.0% -0.6% -28.0%
Cost of Capital at 11% 24.3% -0.4% -27.9%

Source: NERA analysis

Note that KPN’s inefficiency is little affected by these large changes in cost of capital
assumptions. Due to movements of other firms in the sample, KPN’s efficiency compared to
any particular benchmark does not show a smooth trend.
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4.5.3. Varying the inclusion of wholesale unbundled local loop copper
circuit

Within the number of switched lines, KPN operates some lines which are sold as wholesale
copper circuit by itself. The costs of these lines are not expected to be as large as a full
switched line or a wholesale line including the line card. As such, it can be argued that these
copper-circuit-only lines should not be included with the same weight as other switched lines.

To investigate this, NERA reweighted these lines so that they carried a weight of only 0.5,
compared to a standard weight of 1 for all other switched lines. Due to the small number of
these lines in 2004, the analysis of KPN’s efficiency does not change to two decimal places
in that year. However, by 2008 these lines are expected to form a much larger proportion of
the total switched lines, and the reweighting described here would have the effect of
increasing KPN’s inefficiency by around 2%.

4.5.4. Varying the effect of revaluing duct assets

As set out in Section 3.2.1.1.1, NERA has assumed that the method used to revalue assets
from historic cost accounting to current cost accounting will overestimate the value of duct
assets of the US LECs by 10%. This figure is based on previous experience. In order to
check the robustness of this assumption, NERA has run sensitivities altering the reduction to
5% and to 15%.

The results of these regressions are set out in Table 4.9.

Table 4.9
Multi-Year Stochastic Frontier Analysis: varying duct revaluation

Coefficients assuming

5% reduction 10% reduction 15% reduction
Log of switched lines 0.542 0.544 0.547
Log of leased lines 0.023 0.023 0.024
Log of switch minutes -0.039 -0.039 -0.039
Log of total sheath 0.495 0.493 0.491
Log of business-to-residential ratio 0.006 0.005 0.005
Log of national minutes per other minute 0.028 0.028 0.028
Time 0.006 0.006 0.006
1996-1998 Dummy 0.083 0.084 0.085
1996-1998 Time interaction -0.014 -0.015 -0.015
Constant 0.303 0.273 0.242

Source: NERA analysis
There is relatively little impact on the coefficients of the regression when the value of duct is

revised. However, since there is some variation, we can conclude that the importance of duct
does differ to some extent between firms.
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When these models are applied to KPN’s data, we find KPN’s efficiency is as estimated in
Table 4.10.

Table 4.10
Stochastic Frontier Analysis Efficiency Scores: varying duct revaluation

Compared Compared Compared

to top firm to decile to midpoint
5% reduction in LEC duct assets 23.1% -1.6% -28.5%
10% reduction in LEC duct assets (base) 24.0% -0.6% -28.0%
15% reduction in LEC duct assets 24.8% 0.0% -27.4%

Source: NERA analysis

A relatively large variation in our assumption over how to revalue duct for current cost
accounting therefore has a relatively small change in the estimated comparative efficiency of
KPN.

4.5.5. Testing for the accuracy of using total sheath per line as a proxy
for population

As discussed previously, our equation contains the variable total sheath length as a proxy for
the distribution of population in a country. Although KPN has a sheath length per line which
is higher than what would be expected given its (comparatively high) population density, it is
not an outlier, and NERA believes that use of total sheath per line is therefore a reasonable

proxy.

To test this, we estimated KPN’s expected total sheath per line given its population density
for each of the years 2004 to 2008, by estimating a relationship between total sheath per line
and population density for the US LECs. This was then converted to total sheath for use in
our equation.

Using this expected total sheath value for KPN, we find that their efficiency falls by around
3%. This indicates that there may be some element of their network’s physical structure
which may not be as efficient as it could otherwise be. However, it is not possible to draw
any firm conclusions from this, as there may be valid reasons for needing a greater amount of
sheath per line than the US average. Instead, we can only suggest that our model will tend to
underestimate KPN’s inefficiency.

4.6. Data Envelopment Analysis

In addition to the stochastic frontier and generalised least squares analysis outlined above,
NERA has also attempted to measure KPN’s efficiency using a mathematical technique, data
envelopment analysis (DEA). DEA involves using a mathematical programme, rather than
statistical, techniques to assess comparative efficiency. DEA operates by searching for a
‘least cost peer group’ of comparator companies for KPN. The ‘peer group’ is defined such
that a linear combination of these companies can be shown to have at least as great an output
and no more favourable operating conditions than KPN. If such a ‘peer group’ exists, and the
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linear combination of their costs is lower than that of KPN, this cost difference is assumed to
be attributable to inefficiency on the part of KPN.

It should be noted that, since it is a mathematical technique, DEA offers no statistical
framework for modelling the performance of firms outside the sample, nor does it allow us to
assess the significance of the variables used in the analysis. Therefore, DEA analysis was
completed using the same explanatory variables as the regression analysis, as the statistical
validity of including these variables in a total costs model has already been established.

Using these variables, DEA is unable to find peers to compare against KPN’s total costs in
the year 2004. It is difficult to draw firm conclusions from this because there are two
possible explanations for why DEA cannot find peers for a company:

= Firstly, it could be that the company is 100% efficient.
= The second possibility is that DEA is unable find comparable firms within the sample
against which to assess the efficiency of the firm.

Analysis of the results from DEA indicates that KPN is compared only against itself, and not
against any other firms. Coupled with the efficiency analysis, we would expect that the latter
of these possibilities is correct, and therefore no conclusions can be drawn from DEA.
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5. Summary of Results and Conclusions

Given the data submitted by KPN, NERA has found that the firm is relatively efficient when
compared to the US Local Exchange Carriers. When comparing costs to output using a crude
unit cost analysis, KPN appears to be one of the most efficient companies in our sample.

Using Stochastic Frontier Analysis, NERA has constructed a robust model of the relationship
between costs and outputs and environmental factors for the US LECs. This relationship can
be compared to KPN’s costs and outputs to estimate an efficiency score for KPN.

In addition, NERA has run a Generalised Least Squares analysis to check the robustness of
the model, and to provide a check for the comparative efficiency of KPN.

The main results of our study are shown in Table 5.1.

Table 5.1
KPN’s Comparative Efficiency

Compared Compared Compared

to top firm to decile to midpoint
Stochastic Frontier Analysis 24.0% -0.6% -28.0%
Generalised Least Squares 21.0% -3.5% -30.0%
Data Envelopment Analysis inconclusive

Source: NERA analysis

These results (along with the regression coefficients outlined in Table 4.2 and Table 4.5)
indicate that our model is robust and stable between methodologies.

NERA believes that Stochastic Frontier Analysis is the optimum methodology for this
comparative efficiency study. Stochastic Frontier Analysis takes account of any random
error in the residual, and attempts to benchmark against an efficient ideal, rather than an
average of the sample. NERA therefore believes that more weight should be placed on the
first result listed in Table 5.1.

5.1. Sensitivities

NERA has run sensitivities on this result to examine the effects that any assumptions made
have on the model.

= Varying the cost of capital applied to all firms has a very small impact on the estimate of
KPN’s inefficiency.

* Varying the weighting given to wholesale unbundled local loop copper circuits has a
negligible effect on KPN’s inefficiency estimate in 2004.

= Altering the method by which duct assets are revalued from historic cost to current costs
has a small but significant effect on KPN’s estimated inefficiency.
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Appendix A. Stochastic Frontier Analysis

There is an extensive academic literature on efficiency measurement using Stochastic
Frontier Analysis (SFA), and it is increasingly being used by utility regulators as a robust
measure of inefficiency. It is based on regression analysis, but with a key distinction. In the
context of efficiency comparisons, OLS regression models implicitly assume that the whole
of the residual for a particular observation (company) is the result of genuine inefficiency. In
contrast, SFA models incorporate the possibility that some component of the model residual
may result from errors in measurement of costs or the omission of explanatory variables, as
opposed to the existence of genuine inefficiencies. This decomposition of residuals between
‘error’ and ‘genuine inefficiency’ is intended to provide a more accurate reflection of the true
level of inefficiency.

Under the simplest implementation of SFA, an Ordinary Least Squares (OLS) regression is
first estimated to capture the sensitivity of costs to differences in operating environments,
scale of production or mix of outputs. This model will leave residuals that can be attributed
to the two remaining causes of measured cost differences:

= those that are the result of remaining incompatibilities in data that have not been picked
up in the preceding adjustments, or even just plain errors in the observed data;

= genuine inefficiencies of the operators compared to best practice, in which we are
primarily interested.

It is assumed that remaining data errors and incompatibilities are equally likely to increase or
reduce measured costs for any one operator. However, inefficiencies, where they exist, will
only increase costs. Therefore, to the extent that there are genuine operator inefficiencies, the
distribution of the residuals from the regression model will be skewed in the direction of
being positive (actual cost exceeds that estimated by the regression). By measuring the
extent of this skew to the distribution (estimated by the third moment of distribution) it is
possible to calculate the relative importance of observation errors vs. genuine inefficiencies.

Once the relative importance of the genuine inefficiencies in the residual distribution has
been estimated, it is possible to adjust the estimated regression line downward by this amount
to form an efficiency frontier. Thus, distances of each observation from the original OLS
regression line measure departures of cost from “mean” industry performance, whilst in the
new line they measure departures from the efficiency frontier. Figure A.1 provides an
illustration of this. We have used the simplified example of just one explanatory variable in
the regression model — the number of lines.
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Figure A1
Stochastic Frontier Analysis

cost

regression

efficiency frontier
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Once an efficiency frontier has been estimated, it is still necessary to estimate the efficiency
of each company, bearing in mind that the vertical distance of the measured cost of each
company from the efficiency frontier will still be composed of two components:

= observation error and data incompatibilities for that particular company;

= genuine inefficiency for that particular company.

Indeed, it will still be possible for a particular company to have a cost below that of the
efficiency frontier if the downward bias due to observation error exceeds the company's
inefficiency (as is the case for observation B in Figure A.1). However, knowledge of the
company’s cost relative to the efficiency frontier does provide information on which to base
an estimate of the company’s inefficiency. For example, if the company’s cost is high
relative to the efficiency frontier (as in the case of observation A), its inefficiency is also
likely to be high, whereas if its cost is low relative to the efficiency frontier, its inefficiency is
likely to be low (as in the case of observation C).

It is also possible to estimate the regression line taking account of the distribution of the
residuals, using a maximum likelihood estimator. This will produce a more statistically
efficient estimate than that given by OLS, and is the technique used in the analysis contained
in this report. This method involves analysing a number of statistical distributions, to see if
they will fit the distribution of the ‘inefficiency’ component of the residual error (which, as
we have discussed above, is skewed in the direction of being positive). Three different
distributions are commonly considered:

= the half normal distribution;
= the negative exponential distribution; and

= the truncated normal distribution.
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Essentially, SFA attempts to estimate a maximum likelihood model using each of these
statistical distributions. If a distribution is found not to fit the data, the model is abandoned.
However, if a distribution fits the data, the model produces estimates of the position of each
observation (company) relative to the theoretical efficiency frontier. The model also yields
estimates of the average distance of all observations from the efficiency frontier, as well as
the proportion of the total residual error which is characterised as ‘inefficiency’ (as opposed
to ‘measurement error’).

The main disadvantage of SFA is that strong assumptions are required in order to decompose
the regression residuals, and in many practical cases insufficient data is available to support
this decomposition. That is, there is often little evidence to suggest which of the above
statistical distributions is most appropriate in constructing a model (note that, in many cases,
more than one distribution may be deemed to ‘fit’ the data).
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Appendix B. Data Envelopment Analysis

Data Envelopment Analysis (DEA) can be used as an alternative to regression-based
techniques. It is not a statistical estimation technique, but rather makes use of mathematical
programming methods, without the need to rely on a precise parametric cost function. This,
in fact, is its main advantage; it allows a complex non-linear (concave or convex) relationship
to exist between outputs and costs, whereas regression usually restricts such relationships to
be either linear, or to have fairly simple non-linear forms. One additional important
advantage of DEA is that it does not suffer from statistical problems, such as
multicollinearity between variables, which may affect OLS, panel data and SFA models.

DEA operates by searching for a ‘least cost peer group’ of comparator companies for each
individual target company. The ‘peer group’ is defined such that a linear combination of
these companies can be shown to have at least as great an output and no more favourable
operating conditions as the target company (with output and environmental variables
measured in the same way as in regression analysis). If such a ‘peer group’ exists, and the
linear combination of their costs is lower than that of the target company, this cost difference
is assumed to be attributable to inefficiency on the part of the target company.

This is explained more clearly with the aid of a diagram. Figure B.1 below shows an
example of an input minimisation model. Points A, B, C and D represent different
companies, such that company A produces the same amount or less of each (common) output
than the other three. Now, DEA assumes that, since B and C are technically feasible
positions, point E (a linear combination of the two) is also technically feasible. Point E lies
on a radial to A from the origin, and hence is a point using proportionately less of every
output than A (a ‘radial contraction’), in order to produce the same (or greater) amount of
each output. Therefore, point A is considered to be inefficient. The degree of inefficiency is
reflected in the Farrell measure, which is defined as the ratio 0E/OA, and companies B and C
form a ‘peer group’ for company A.

Figure B.1
DEA: Input Minimisation

Input 2

Input 1
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It should be noted that DEA has a number of disadvantages:

= it provides no statistical framework to model the possibility of errors in the observations;

= it has a tendency to give observations the ‘benefit of the doubt’. In arriving at an
efficiency score for an observation, DEA adopts a weighting structure which emphasises
the particular inputs and outputs which show that observation in the best possible light;

= related to the last point, unless restrictive assumptions are imposed (such as constant
returns to scale), DEA is unable to assess the efficiency of companies with outputs or
environmental variables on the “edges” of the data set. For example, if a company
operates in an environment that is more adverse than any other in the sample, DEA will
always assume that this company is 100% efficient, regardless of its cost base (since it
has no other equivalent comparator). Regression analysis, on the other hand, by assuming
a particular functional form for the impact of the environmental variable, is able to
estimate the impact that the environmental variable should have on the company’s costs,
and calculate the company’s underlying efficiency on this basis.
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Appendix C. Processing of KPN’s Data

This appendix contains details of how KPN’s submitted data has been converted to be
comparable with that processed from the ARMIS database.

Table C.1
Processing of KPN's output and environmental data
Used in model KPN’s data submission
Switched lines Residential PSTN lines

+ Residential ISDN channels

+ Business PSTN lines

+ Business ISDN channels

+ Public Payphones

+ ADSL-only lines

+ wholesale unbundled local loop copper circuit
+ wholesale line rental (WLR)

+ Bitstream access

Special access lines CityRing lines

(all 64kbps equivalents) + Flexistream lines

Leased lines Total analogue leased lines
(all 64kbps equivalents) + total digital leased lines

+ total digital broadband leased lines (>2Mbit/s)
+ total interconnecting leased lines

Leased lines total 1.5 x special access lines
+ 2 x leased lines

Business-to-residential ratio Business switched lines
+ residential switched lines

Local switch minutes Traffic minutes

x |ocal switch routing factors
Main switch minutes Traffic minutes

x main switch routing factors
National minutes per other National call minutes
minute + sum of all other type of call minutes
Total sheath length Copper total sheath length

+ fibre total sheath length
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Table C.2
Processing of KPN's cost data
Used in model KPN’s data submission
Operating cost Operating cost of fixed network operations

— operating cost of data services

— operating cost of emergency services
— outpayments to mobile operators

— outpayments to international operators

Depreciation Depreciation relating to fixed network operations
— depreciation relating to data services
— depreciation relating to emergency services

Net Replacement Cost NRC relating to fixed network operations
— NRC relating to data services
— NRC relating to emergency services

Cost of capital NRC x WACC
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Appendix D. Responses to NERA’s Draft Report

Following the publication of NERA’s draft report, comments were received from KPN and
other industry parties relating to NERA’s methodology and results. This appendix outlines
and responds to some of these comments.

D.1. Comments from KPN

As part of their response, KPN carried out a counterpart efficiency study, which found KPN
to be more efficient than NERA’s draft report. In addition to this, KPN raised a number of
issues regarding the comparability of data.

D.1.1. Broadband (xDSL) access

NERA has ascertained from conversations and correspondence with the FCC’s Industry
Analysis and Technology Division (IATD)" that costs relating to xDSL lines and services
are included as far as the handover point — that is, up to the DSLAM. Costs related to the
provision of this service are included as a general network cost in terms of cable, switching
equipment and transmission equipment.

KPN has pointed to FCC documents which appear to classify broadband services as
‘information services’, which are not included in regulated submissions. Care must be taken
with definitions here. In NERA’s methodology, we have defined ‘access’ and ‘transmission’
as two types of network provision (effectively, the local and the national networks). Under
these definitions, then xDSL costs are included for the ‘access’ side (up to and including the
DSLAM), but not for the ‘transmission’ side (since the ‘transmission’ side is handled by an
IP data network).

However, the FCC uses the terms ‘access’ and ‘transmission’ in different ways. In FCC 05-
150, the FCC provides a clear definition of the phrase ‘Internet access service’:

The term “Internet access service” refers to a service that always and
necessarily combines computer processing, information provision, and
computer interactivity with data transport, enabling end users to run a variety
of applications such as e-mail, and access web pages and newsgroups.

This refers, therefore, to the provision of Internet service, not to the provision of network
service. Instead, the FCC uses the term ‘data transmission’ to refer to the provision of
network access.

Therefore, the documents cited by KPN reinforce NERA’s definition, that broadband service
after the handover point should not be included in our analysis, since this is an ‘information
service’ or ‘data service’.

With regard to whether broadband service up until the handover point should be included,
KPN states that the FCC’s document 47 CFR does not specifically include details of how

'7 In particular, Frank Hopwood and Thaddeus Machcinski
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general costs are to be apportioned to broadband services. However, this document (in
particular, Part 36 Sections 102-191) does not examine how costs are split by service, but
rather by asset type. Where the document discusses splitting asset types by service, this
apportionment is only needed for when the costs associated with switched lines, leased lines
and special access lines are examined separately. This is not the case in NERA’s study.

Furthermore, given this categorization, it is not possible to separately identify the costs
relating to broadband access included in the ARMIS database.

Therefore, NERA concludes that the costs associated with broadband up until the handover
point are included alongside the costs associated with other fixed communications services,
split by asset type for asset values, depreciation and operating cost.

D.1.2. Definition of data services

Related to the above issue, in NERA’s initial data request to KPN, KPN was asked to
separately identify the costs of data services and of access. Data services were described by
NERA as “the costs of providing data services other than: leased circuits, broadband internet,
narrowband internet or ISDN”, and were clarified in a later conference call (between NERA,
KPN and OPTA) to refer to any IP network which deals with data traffic above the level of
the D-SLAM in the case of DSL.

In their response to the data request, KPN provided cost data under the categories “access”,
“data networks” and “DSL access and transmission”. NERA included this last category in
our analysis, as it was defined by KPN to include the costs of providing DSL access.

However, following the publication of NERA’s draft report, KPN clarified that this data
referred to both the costs of DSL access and the IP network which broadband data traffic was
routed over after the handover point. As such, the costs used for KPN were higher than
expected. KPN provided NERA with a revised dataset to ensure that only appropriate costs
were included in the analysis. Overall, the sum of costs over all services is very nearly equal
to that in the first submission.

NERA'’s total cost base used in our study is calculated as the total cost of fixed networks
operations minus the cost of data network provision, minus the cost of emergency call
provision, minus some outpayments to other operators. Since the cost of data network
provision has significantly increased in KPN’s latest submission, we will find KPN’s
efficiency to improve from the position set out in the draft report.

D.1.21. Treatment of data networks in the US dataset

The above reclassification is due to KPN being initially unclear as to what forms a data
service in terms of XDSL provision. In order to inform their resubmission, NERA clarified
the definition of a data service as follows.

xDSL services are included in the US LEC dataset as follows:

NERA Economic Consulting 50



The Comparative Efficiency of Appendix D
KPN

If an ILEC provides broadband (xDSL) access, the investments and expenses
of these access services are recorded under corresponding Part 32 accounts'®.

An xDSL line can be thought of as two separate services; in telecommunications terms these
can be thought of as access and transmission. The access part involves the provision of a
physical (copper) line to the customer premises, with equipment in these premises to enable
the service to be used. The line runs to a local exchange, where it is handed over to the
transmission network.

This transmission network differs from standard PSTN services; with an xDSL line, two
services are handed over:

= The high-frequency data service, and
= The low-frequency voice service.

Transmission of the voice service is considered in the same way as for non-xDSL-enabled
lines.

After handover (whether to KPN’s ISP business or a third-party ISP), the data service is
routed through a data (IP) network. This is considered as a data service, or data network, and
is therefore excluded from our analysis.

D.1.3. Customer premises equipment

KPN states that customer premises equipment relating to broadband provision is not included
in the ARMIS database. However, the FCC’s document 47 CFR Part 36 Section 142(b)
states:

This category includes the cost of Customer Premises Equipment that was
detariffed pursuant to the Second Computer Inquiry decision. It shall be
assigned to the state operations.

This clearly indicates that customer premises equipment is included in the ARMIS data, and
should therefore be included in KPN’s submission.

D.1.4. Broadband penetration

KPN has concerns regarding the weight given to DSL lines in the model. KPN believes that
NERA has not properly accounted for the fact that DSL lines may incur more costs than other
switched lines.

We must consider whether the outputs of KPN have been dealt with in the same way as the
outputs of the US LECs. KPN believes that ADSL lines should be counted as two lines,
representing one line for the voice line and one line for the data portion. However, this is not
how the FCC defines their measure of ‘switched access lines’. Furthermore, it is not possible
to separately add DSL lines to the total number of switched access lines in our dataset, (in

18 John Falvey, FCC, clarification in email sent to NERA on 23 December 2004.
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order to count DSL lines as ‘2”), since the number of DSL lines is only available in the
ARMIS data for the most current year'".

Since our model is unable to include DSL lines separately, it is not possible to estimate the
costs associated with these lines. In order to make any adjustment to accommodate DSL
lines, some external arbitrary assumption would need to be made over the relative cost of
these lines.

Therefore, given the lack of information for the US LECs, NERA is unable to adjust for the
number of DSL lines operated by each LEC. The additional access costs can not be
estimated by the model. Furthermore, the marginal costs associated with the number of lines
are unlikely to be very large. Therefore NERA considers it is optimum to not attempt to
compensate for this issue.

D.1.5. Bitstream lines

For NERA'’s draft report, Bitstream lines had been considered to be analogous to special
access lines in the US. However, the numbers of lines reported were in absolute terms, as
opposed to 64kbps equivalents.

In KPN’s comments on NERA’s draft report, Bitstream was described as a variant of DSL
service for businesses. KPN provided OPTA and NERA with a formal service description
which confirms this. Therefore, in NERA’s final analysis Bitstream lines has been counted
as a type of switched line, and included in that output category.

In addition, KPN provided a detailed definition of CityRing lines, which have now been
included in the same way as special access lines for the US LECs.

The new categorisation of Bitstream lines results in KPN’s efficiency increasing by around
0.1% from that reported in NERA’s draft report.

D.1.6. Model parameters

KPN claims that NERA’s modelling process is non-transparent, since it does not follow a
basic rule of maximizing log likelihood. NERA has never claimed that maximizing log
likelihood is the sole method used to decide on what could be considered a ‘good model’.
This is because simply maximising log likelihood does not take into consideration which
variables should be included in the most general specification of the model. These variables
are those that we would consider to be intuitive cost drivers. We must also examine the
justification for including structural break variables.

KPN and ORTEC have stated that they are unclear regarding how NERA undertakes its
modelling process and how it is decided which models are ‘good’.

! Even this information is currently not useful, since there exist conflicting definitions as to what it measures.
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D.1.6.1. Choice of variables

The econometric equation which NERA is attempting to estimate is designed to show which
factors drive costs for the US LECs, so it is possible to estimate what costs a company with
the outputs and environmental factors of KPN would be expected to have. Therefore, it is
important to include variables in our estimation that we consider to be valid drivers of costs —
that is, there must be some logic or theory as to why these variables should influence costs.

Initially, therefore, a regression is run including a large number of available variables that
could intuitively be believed to drive costs. These variables include:

» Switched lines

= Leased lines

=  Switch minutes

= Total sheath (per line)

= Acrial and non-aerial sheath (per line)
= Remote and central switches

=  Duct trench length

* Population density

»  Metropolitan population

= The ratio of business subscribers to residential subscribers
= The ratio of national calls to other calls

» The proportion of the network which is fibred

Other variables have also been considered, but cannot be included due to unavailability of
data. The above list of variables is reduced using three main methods.

D.1.6.1.1. Comparability

Of the variables listed above, not all would allow direct comparability between the US LECs
and KPN. For example, the definition of remote and central office switches is likely to differ
between the US and the Netherlands, and the way that traffic is routed means that the sheer
number of switches is not an accurate reflection on network design. Furthermore, since
routing factors are included implicitly in the switch minutes variable, the structure of the
switching network would also be already considered.

Other variables which would obscure comparison between the US and the Netherlands
include:

= Duct trench length: since KPN does not have any duct, it would not be possible (within a
log-log specification) to include this variable within our analysis

NERA Economic Consulting 53



The Comparative Efficiency of Appendix D
KPN

= Acrial and non-aerial sheath length (as opposed to total sheath length): again, since KPN
does not operate any aerial sheath length, this would lead to inconsistencies within the
modelling process

Finally, the metropolitan population variable was excluded due to non-transparency over the
definition of measurement.

D.1.6.1.2. Insignificance

In general, variables are excluded from our analysis due to them appearing insignificant
drivers of cost in the model. To evaluate which variables are insignificant, NERA uses a
general-to-specific methodology:

» Firstly, a regression is run with all comparable variables included (regression R1);

=  From this regression, the t-ratios are examined to work out which is the least significant
variable in the model;

= This variable is excluded from a second regression (R2);

= Log likelihoods and F-statistics for R1 and R2 are compared, to see whether excluding
this variable is justified. If so, R2 is taken as the base regression.

In general, a higher log likelihood statistic indicates a better fitting model. However, we
must consider whether this resulting increase in log likelihood is significant. The F-test
(which finds a normalised difference between the residual sums of squares for two
regressions, and compares this to the F-distribution) should take this into account.

The above process is repeated until no more variables can be excluded from the sample.

Note that it is important to test whether each variable has a significant effect on the regression
through the use of log likelihood tests and the F-statistic, rather than relying solely on t-ratio
tests. This is because correlation can sometimes make variables appear to be insignificant
when they should they are actually significant. Removing these variables would then have an
adverse effect on the model.

Finally, the time trend variable is included by default despite being insignificant. NERA
notes that including this variable has no detrimental effect on the fit of the model, and it is a
useful indication of the trends in nominal costs. In addition, the variables measuring
switched minutes and leased lines remain in the model, despite often appearing insignificant.
This is due to their insignificance being caused by correlation.

D.1.6.1.3. Correlation causing significance

Although remaining variables are significant, this does not mean that they are necessarily
adding worth to the model. If two variables are highly correlated, then both may appear
significant in a regression but may in fact be cancelling each other out. We must be careful,
therefore, to examine correlation relationships between variables left in the model, and if
there is evidence of strong correlation, we should examine the effect of removing one of the
affected variables. If this does not lead to a significantly worse fitting model, then this is a
clear indication that correlation is causing significance.
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However, correlation should not be considered only in the case of the US LECs. Since we
are looking to apply the estimated equation to KPN, we must also ensure that any relationship
between variables which leads to a variable being excluded also applies to KPN. If this were
not the case, then we would be forming an estimated equation which is not directly relevant
to KPN and therefore could not be applied to estimate KPN’s efficiency.

D.1.6.2. Structural breaks

Since we are estimating a relationship which will be trended over time, we must ensure that
there are no sudden jumps in the trends of any of the variables included in the model. Simple
trends in the variables included will be picked up through the time trend variable included,
but any large step changes in values will cause this relationship to fail.

NERA has examined the time series of data (through first differencing, and basic ARIMA
methods) for explanatory variables included in the model and found that there is no evidence
in a step change in any case. This is contrary to the results found in previous years, where a
step change was found for some output variables between 1998 and 1999. The reason for this
is uncertain, but it likely due to the values of these variables settling to the level of their old
trend towards the later part of the period, which was not captured adequately when fewer
years of data were used in previous studies.

However, a structural break was found in cost data, which does not follow a set trend
throughout the period. This may be due to changes in asset prices over time, since there is
some evidence in the US Statistical Abstract of a step change in switching asset prices
between 1998 and 1999 (as well as prices for some other asset categories). Since this step
change in costs will not be captured by other structural break variables being included, it is
necessary to include a dummy variable and allow the time trend to vary before and after this
step change.

D.1.6.3. Goodness of fit

ORTEC and KPN have developed other models which they claim to fit the data better than
that developed by NERA. These models include a new variable, defined as the time trend
multiplied by the log of leased lines.

NERA does not believe that this variable makes intuitive sense as a cost driver. In effect, this
variable implies that the cost of providing leased lines increases exponentially over time.
This is demonstratably not the case.

ORTEC give four reasons to justify the inclusion of this variable in the analysis.
D.1.6.3.1. Increased log likelihood

ORTEC and KPN point out that the log likelihood that results from the inclusion of this new
variable is higher than if this new variable were omitted. NERA agrees with this statement.
However, a high log likelihood is not the only measure of whether a model is accurate; nor is
it a good measure of whether a model is useful.

It is possible to increase log likelihood through the inclusion of spuriously significant
variables. For example, there may exist some (non-causal) correlation between number of
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retail outlets owned by a company, and its network cost. In this case, if the number of retail
outlets were included in our regression analysis, we would find that this variable was
significant, and that the log likelihood would increase. However, this does not indicate that
this new model is preferable to the initial model. Indeed, since the number of retail outlets is
not a driver of network costs, we have a worse model in that it is attempting to explain
differences between firms using a measure which is irrelevant.

It is for this reason that we ensure that our most general model only includes variables which
are considered to be reasonable drivers of costs — that is, variables for which there is some
logical explanation why they would affect costs. In reducing this model, we use log
likelihood methods to examine the goodness of fit of the model.

D.1.6.3.2. Reduced gap between top and bottom LECs

The model presented by ORTEC and KPN which includes the interaction variable between
the log of leased lines and time has a much smaller range between the largest and smallest
residuals. ORTEC and KPN argue that this indicates that the model gives a better
explanation of the data.

If the range of residuals is reduced, this indicates that there is less variation in cost remaining
unexplained in the model. This would appear to indicate that the model is more accurate,
since it is able to explain more. However, this conclusion cannot be considered automatic:

= Firstly, for this to be true we must assume that the change which is explaining away more
of the variation in costs is relevant to our model; as explained in Section D.1.6.3.1 above
NERA does not think that this is the case, since the included variable does not have a
logical relationship with costs;

= Secondly, for this to be true we must believe that the ideal state to which we are aiming is
explaining away all cost differences between firms. NERA does not believe this is the
case. Ifall cost differences were explained, then we would be implicitly assuming that all
US LECs operate with the same efficiency, or we would have included a variable within
the model which was perfectly measuring inefficiency.

KPN and ORTEC have argued that we must assume that all US LECs are equally efficient,
since it is a core assumption of NERA’s work that the US LECs represent a reasonably
efficient benchmark, due to the competitive environment in which they operate. NERA does
not believe this to be the case. Not all LECs operate in similarly competitive environments,
and so they will face different pressures to reduce costs.

Furthermore, even if LECs did operate in equally competitive environments, we would not
expect all companies to have achieved the same level of efficiency. LECs may have varying
ability to reduce costs, due to the competency of management, or the ability to introduce new
technology to their networks. Therefore, NERA believes that there will be genuine efficiency
differences between US LECs, which should not be explained away by the model.

NERA believes that competitive pressures in the US will serve to increase the efficiency of
the US LECs, and therefore this group of companies can be thought of as a reasonably
efficient benchmark. However, NERA recognises that not all companies will be efficient.
Therefore, NERA recommends that KPN is benchmarked against the most efficient of the US
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LECs, by comparison to the top decile, and by construction of stochastic frontier models
which estimate the efficiency frontier as well as the relative inefficiency of each company.

NERA does not believe, therefore, that the efficiency gap between the most efficient and least
efficient US LEC is a good indication of the worth of a model. Even if this gap were to be
used as a goodness of fit indication, then it should not be an aim of the modelling process to
minimise the gap, since this would be an attempt to move towards an assumption (of no
differences in efficiency between US LECs) which NERA believes to be false. Instead, it
would be necessary to know the true inefficiency levels of the ‘best’ and ‘worst” US LECs,
and use the efficiency gap revealed by these measures as a target for the estimated efficiency
gap from the model.

D.1.6.3.3. Changes in time trend

In NERA’s model, the coefficient on the time trend is insignificant. This means that, over
time, nominal costs associated with a set level of output and environmental factors do not
change. In real terms, we would see a fall in real costs at the rate of inflation (that is, over the
period examined, a fall in real costs of between 2% and 2.5% a year).

KPN state that they believe this time trend is too low. In the revised model, due to the
interaction between the time trend and the log of leased lines, the coefficient on the time
trend variable is around -0.07. This would imply a real fall in costs of over 9% per year, if
output were to remain constant. NERA feels that this figure is higher than would be
intuitively expected.

However, in KPN’s new model it is not possible to simply interpret the coefficient on the
time trend variable without also considering the new interaction variable. The formulation of
this variable means that it itself will be capturing some changes in costs over time, and so if
we wish to examine any time trend this variable must also be included in our calculations.

In effect, this new variable is allowing the time trend to take on a more complex shape,
varying by company (constrained to follow an arbitrary path for each company, defined by
the uptake of leased lines). Overall, the interaction with leased lines is not a cost driver, but
merely a function to generate different time trends.

It is difficult to estimate how this would effect the overall time trend of costs, however, due
to different rates of growth of leased lines. It is furthermore difficult to understand how we
would apply such a model to KPN, as we would theoretically be able to assume any arbitrary
pattern for KPN’s time trend. On average, however, we can conclude that the time trend
would be found to be approximately the same as in the model presented by NERA in our
draft report.

D.1.6.3.4. Differing coefficients on leased lines over time

ORTEC has formulated an OLS regression model for each individual year. This shows
variation in the coefficients on a number of variables from your to year. ORTEC and KPN
point to the varying coefficient on the leased lines variable as an indication that the
interaction between time and the log of leased lines should be included in the model.

NERA Economic Consulting 57



The Comparative Efficiency of Appendix D
KPN

NERA believes that OLS is a relatively unreliable econometric method, and since a
sufficiently large panel data set has been available, OLS has not been used in NERA’s
efficiency studies. The main reason for this unreliability is illustrated clearly in the results
which ORTEC has presented. In ORTEC’s models, the coefficient on the log of leased lines
varies from a minimum of -0.0785 in 1999 to a maximum of 0.1534 in 2004. This does not
follow a steady trend, with the coefficient falling before 1999, and rising at a variable rate
since then. However, the coefficient on the log of leased lines is not the only coefficient to
move in this way. The log of switched lines has a coefficient which moves in the opposite
path; the coefficient on the log of switch minutes fluctuates greatly from year to year.

The issue that we face here is that each of the output variables is highly correlated. As
switched lines increase, so do leased lines and switch minutes. As a result, the econometric
model can have difficulty separating out the effects on costs of changes in output variables
from the effects of changes in other output variables. This is particularly true in single-year
regression, when the model cannot compare between time periods in order to help
disaggregate the impact of various outputs. OLS regression, therefore, may see large changes
in coefficients from year to year with only small variations in the core data.

Furthermore, examining the OLS regressions supplied by ORTEC, it is evident that no
variable has a steady coefficient over the nine years of analysis. It seems unintuitive,
therefore, to single out leased lines. Instead, it would be necessary to treat all variables in the
same way.

NERA does not believe that the instability of single-year analysis is an indication that our
multi-year model is incorrectly defined. The instability of the single-year analysis appears to
be largely due to correlation between variables, which the multi-year model will be much
more effective in remedying. This can be justified by examining models where the switched
lines and leased lines variables are combined into a single ‘lines’ variable — in this case, the
OLS models for each year are less volatile, which can be explained by the reduction in
correlation problems. However, these models with a single lines variable are generally not as
good a fit to the data as those where the coefficients on different types of lines are allowed to
vary.

D.1.6.4. Summary

NERA believes that for a model to be able to estimate efficiency effectively, it must be based
around an econometric relationship looking at factors that intuitively can drive costs.
NERA'’s basic model is derived by looking at all such factors for which data is available, and
examining whether each factor is statistically significant.

NERA does not believe that it is desirable to include artificial variables in the model in an
attempt to explain more of the difference in costs between companies. Firstly, these
differences in costs may be genuine efficiency differences, which should not be removed.
Secondly, unless the added variable is intuitively correct, it adds no further understanding of
the market. Finally, the added variable may adversely affect the weight and effect of other
variables in the model, meaning that other variables may be interpreted incorrectly unless
care is taken.
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Given these concerns, and the methodology by which it arrived at the original model, NERA
believes that the model, as presented in this report, is optimum.

D.2. Comments from ACT and Tele2

ACT and Tele2 have commented on NERA’s methodology and the results obtained by
following this.

D.2.1. Comparator companies

ACT and Tele2 state that they believe comparisons with US LECs have little value. In
particular, they cite that NERA’s results indicate a large gap in efficiency between the most
efficient and the least efficient US LEC. The respondents give two possible reasons for this:

— Competitive pressures are not particularly strong in some areas of the US, and
— NERA’s results do not give a true indication of efficiency scores.

NERA believes that these comments are extreme. While it is unquestionably true that
competitive pressures may not lead to absolute efficiency in all areas of the US, we do
believe that the long-term existence of competition will have had the tendency to push costs
downwards, meaning that firms would necessarily be tending to efficiency. However, it
would not be realistic to expect all firms to achieve the same level of efficiency, and so
efficiency scores would not be uniform.

ACT and Tele2 also state that they do not believe that there is sufficient public information to
ensure that NERA’s analysis is accurate. It is NERA’s opinion that the wealth of
information, along with precise definition, available from the FCC, allows a robust analysis
to be carried out. Data is collected on a standardised basis over nine years, and the database
contains a large amount of detail on where costs are incurred and the outputs of each
company. The categories of data collected are tightly defined in the FCC’s publication 47
CFR, publicly available on their website.

D.2.2. Data processing

ACT and Tele2 have made a number of comments regarding the processing of US LEC and
KPN data.

D.2.21. Use of NBV/GBYV ratios for US LECs

ACT and Tele2 believe that the use of NBV/GBYV ratios for calculating the cost of capital for
US LECs will tend to overestimate costs, especially in the case of duct. From experience
with other operators, NERA believes that while there will be an effect, this effect will be
minimal, particularly due to the relatively low reliance on duct assets in many states in the
US. Moreover, given that KPN’s network does not contain any duct, it is not possible to
derive an estimated correction for any inaccuracies.

To examine the impact of this overestimation, the sensitivity previously run to examine the
impact of adjusting for the ‘double dig’ issue can be used. Conversion to NRC using the
NBV/GBYV ratio can be assumed to overestimate the duct cost of capital by x%. For most
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operators, the cost of capital and the depreciation of assets are roughly equal. Therefore, an
overestimation of cost of capital of x% would lead to an overestimation of total costs related
to duct assets of (x/2)%. Given the low sensitivity of results to changes in the valuation of
duct, NERA concludes that even a relatively high inaccuracy (of, say, 5%) would have a
minimal effect on the overall conclusions of the study.

D.2.2.2. Wage rates

ACT and Tele2 also state that “there may also be a case for estimating the cost of the LECs
on the basis of KPN’s wage rates rather then the LECs adjusted for PPP”. NERA
understands that, by this, ACT and Tele2 propose that costs should be multiplied by the
difference ratio between staff costs of the US LECs and KPN. However, due to the log-log
specification of NERA’s model, this would not have any further effect past that of including
staff costs as an explanatory variable in the model.

When the average wage per employee was included as a cost driver in the regression analysis,
this variable was found to be insignificant. This means that there would be minimal effect on
the efficiency scores if this wage level variable were included.

D.2.2.3. Environmental advantages

ACT and Tele2 state that they have concerns over the use of using PPP to convert asset value
from US dollars in Euros, since it is unlikely that each US LEC will face the same cost to lay
trench or cable. However, NERA has not calculated the cost of trench, but has instead used
the reported asset values for each type of asset.

NERA believes that ACT and Tele2 have concerns over how cost is driven by the
environment, since in NERA’s model the environment is measured purely by cable length
and not by the terrain over which this cable must run. This leads these respondents to believe
that NERA’s model may not be fully capturing all factors that influence the cost of operating
a telecommunications network.

While NERA agrees that its analysis does not directly take into account the cost of operating
a communications network in different geographic environments, there is very little
information available to allow this to be included in the model. Instead, as ACT and Tele2
suggest, it must simply be noted that the regression analysis is likely to be more favourable to
companies who operate in a relatively advantageous geographic environment. If the
environment in which KPN operates is ‘advantageous’, then any estimate will tend to
underestimate KPN’s inefficiency.

D.2.2.4. Basic unit cost analysis

ACT and Tele2 have cited an earlier NERA report™ which provides unit cost comparisons
between the US LECs and a number of European operators. In this analysis, KPN appears to
be the least efficient of the European operators, and European operators are generally more
efficient than those in the US.

2% The Comparative Efficiency of BT: A Report for OFTEL (July 2000)
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As stated in NERA’s report, the unit cost analysis presented was carried out over a rough
dataset, obtained from company annual reports and other publicly-available data. This data
did not provide a firm picture of which services were included in the cost base, nor did it give
a consistent measure of volumes. NERA does not believe that much weight should be placed
on these results; in the report, NERA states that “simple unit cost comparisons cannot be used
for drawing conclusions about BT’s relative efficiency”.

However, these results do indicate that European communications firms are somewhat
efficient compared to US firms. This indicates that the competitive pressures in the US have
not reduced inefficiency to zero, and reinforce the fact that we should attempt to benchmark
KPN against some of the more efficient LECs, rather than those ranked as least efficient.

The dataset used by NERA for this comparative efficiency analysis is highly standardised,
containing uniformly measured variables. Furthermore, the regression models used are much
more accurate a method of estimating efficiency than simple unit cost methods.

D.2.2.5. Reliance on access network rather than core network

ACT and Tele2 cite the fact that leased lines and switch minutes have relatively small
coefficients as evidence that the model places more weight on the access network than the
core network.

NERA would expect that more weight would be placed on the access network, since it makes
up a larger proportion of total costs. However, ACT and Tele2 believe that the model allows
access to dominate to a much greater extent than would otherwise be expected.

The lower coefficients on leased lines and switch minutes are mainly due to correlation
between these variables and switched lines. The correlation coefficients are all over 0.9,
indicating a very close relationship. This itself means that a company with low “unit costs’
(as measured in Section 4.1 of NERA’s draft report) for one type of output will have low
“unit costs’ for all other types of output.

Since we are unable to split the total cost between access and core networks, it is not possible
to identify what proportion of the overall inefficiency should be attributed to the access
network, and which proportion should be attributed to the core network. No firm conclusions
can be drawn over this from the coefficients on output variables, due to the problems with
correlation described above. However, NERA would not expect an operator to be very
efficient in one area of operation, and very inefficient in another. Therefore it seems
reasonable to assume that the overall efficiency estimate applies to both access and core
network operations.

D.2.2.6. Use of sheath length as a proxy for population

NERA agrees with ACT and Tele2 that total sheath (per line) is not an ideal proxy for all
environmental effects. However, in the process of testing the model, NERA did try including
a number of other environmental factors, and found these to be insignificant.

ACT and Tele2 cite that fact that there are currently large differences in unit costs for the US

LECs as a reason to suspect that environmental differences are not being adequately captured.
If such differences were not captured in the model, it would be theoretically possible for the

NERA Economic Consulting 61



The Comparative Efficiency of Appendix D
KPN

least efficient companies to reduce their costs to be in line with the more efficient companies.
Indeed, if we examine single-year estimates over time, we see a general trend of the least
efficient companies becoming more efficient when compared to the most efficient.

However, as stated previously, NERA does not believe that it is realistic to expect all
operators to have the motivation or knowledge to reduce their costs to the same (efficient)
level.

D.2.3. Further steps

ACT and Tele2 state that OPTA must consider further analysis to supplement NERA’s study,
in order for them be confident in the results obtained. While NERA does not doubt that
further analysis would not be disadvantageous, we believe that the rigorous methodology we
have followed has led to a robust conclusion regarding the overall efficiency of KPN’s
network operations.
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