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The Comparative Efficiency of KPN: Introduction
Methodology

1. Introduction

1.1. Background

This methodology note, prepared for OPTA and KPN by NERA UK, discusses the key
elements of the methodology NERA employs when assessing comparative efficiency.

The intention is to compare the cost efficiency of KPN with that of the US Local Exchange
Carriers (LECs). The US LECs have been chosen as comparators because a significant
amount of detailed cost datais available for these companies, and because the better-
performing LECs are generally regarded as providing the international benchmark for
efficiency due to their operation in a competitive environment.

The study will make use of accounting and other data produced by KPN, as well asthe
extensive data on the US LECs, which is published by the Federal Communications
Commission (FCC). The focus of this study is purely on the core and access network
operations of the companies, excluding retail activities.

1.2. Note Structure
The remainder of this note is structured as follows:

§ Section 2 provides a detailed description of the techniques used to assess comparative
efficiency; this covers a variety of statistical, econometric and mathematical
programming techniques;

§ Section 3 contains a brief discussion of issues surrounding the collection and processing
of cost and output data for use in the study.
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2. Methodology

This section discusses the methods NERA employs to assess comparative efficiency. The
intention of our study isto use arange of econometric and mathematical programming
techniques to estimate how efficient KPN is compared to an efficient benchmark. These
techniques include:

§ Least sguares (XL S) regression analysis;
§ Stochagtic frontier analysis (SFA); and
§ Dataenvelopment analysis (DEA).

The methodology for each of these forms of analysis is discussed in turn below.
2.1. Least Squares Regression

The method of Ordinary Least Squares (OLS) regression is an econometric technique which
investigates the relationship between costs, outputs and environmental factors (that is,
exogenous variables that are beyond the control of the operators) that each of the operators
faces. The outcome of this analysis is an equation that predicts the costs that the average
operator would incur in the production of a given set of outputs, given the environment it
faces. Thiscost estimate can then be compared with the actual costs of each of the operators
in the sample, in order to identify if the operator incurs cogsthat are above-average or
below-average (so they are less or more efficient than the average operator, respectively).
The relative efficiency of each operator can be assessed by comparing the operatorsto a
chosen benchmark (for example, as compared to the most efficient operator or the top 25% of
operators).

Regression analysis is a widely-applied technique in the context of comparative efficiency
measurement. It has been used extensively by three of the main UK regulators, OFFER,
OFWAT and OFTEL, in their respective reviews of the electricity distribution businesses, the
water industry and BT. Furthermore, communications regulators in Japan, Singapore,

France, Italy, Ireland and many other countries worldwide have used least squares regression
techniques for regulatory purposes.

The following paragraphs explain the application of OLS regression analysis to efficiency
measurement in the fixed telecommunications market in a little more detail.

2.1.1. OLS Regression: An Introduction

Suppose, for purposes of exposition, that the cost (C) of providing telecom services depends
only on the number of lines (L). Each company's level of costs and number of lines could
then be plotted on agraph, asin Figure 2.1.
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Figure 2.1
OLS Regression Analysis
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Regression analysis is away of fitting 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 formal name, Ordinary Least
Squaresor OLS).

As an equation, the line can be written as:
C=a+bL

where‘«’ isthe fixed cost of providing a network regardless of the number of subscribers and
‘" isthe cost of each additional subscriber (the marginal cost).

Even though the regression line is one of best fit, if there are many companiesit is unlikely
that they would all lay exactly on the line; some may be above, while others will be below.
The line 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
regression line (such as company A) therefore have costsin excess of those of a company of
average efficiency with that number of exchange lines. Such companies may consequently
be seen as inefficient. By contrast, companies lying below the regression line (e.g. company
B) may be viewed as being of above average efficiency.

In practice, it is not necessary to plot all the companies observations on agraph. If the form
of the cost equation is known (that cost is a linear function of the number of lines), then a
standard computer program can estimate the regression coefficients ‘e’ and ‘4’ using the data
on all the companies in the sample. Individual companies can then be judged by substituting
their actual number of lines into the equation to give a predicted level of costs, Z, asif the
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company were of average efficiency. If the company’s actual cost level is larger than Z, then
it lies above the regression line and is deemed inefficient compared to “average
performance”. Similarly, if its predicted costs exceed its actual costs, it is judged to be
efficient compared to “average performance”.

The difference between a company's actual costs and its predicted costsis known as its
resdual. Thus apositive residual indicates inefficiency relative to the sample “average”,
while negative residuals are interpreted as signifying efficiency relative to the sample
“average’.

In reality, there are likely to be several cost drivers besides the number of lines. Interms of
comparing efficiency, this poses no particular problem, other than that the regression line can
no longer be plotted on a sheet of paper, asit would have several dimensions. Thisisknown
as multivariate regression analysis, as opposed to univariate regression analysis.

The regression line might take the general form:

C=a +bL+gM +dS

Asbefore, ‘o’ represents the level of fixed costsand ‘f’, *y’ and ‘6" measure the marginal
cost of explanatory factors L, M and Srespectively, assuming that the other two explanatory
factors are held constant.

In terms of our comparative analysis of different telecommunications operators, we would
expect to include explanatory variables that fall into two main categories:

§ output variables; and

§ environmental factors.!

There are avariety of possible variables that could be included under each of these headings.
The inclusion or otherwise of any potential explanatory variable depends on the availability
of data, the statistical significance of the variable within the regression analysis, and any a
priori expectations that we have concerning those variables which are most important in
determining the costs of telecommunications operators. The precise form of the relationship
modelled is not certain until the data has all been collected and processed. However, we
intend to investigate the use of a range of explanatory variables, including the following:

§ output variables, including:

— lines: the total number of switched exchange lines will determine a significant
proportion of costs,

— call minutes: the number of call minutesis a key factor in determining the switching
and transmission costs of network operators; and

! Factor prices are also explanatory variables for total costs, and would generally be included in an equation of this type.
They are not included in this case asthe data adjustments that are performed as part of NERA’ s comparative efficiency
methodol ogy, control for factor price differences. Asthe differencesin factor prices are controlled for, the factor prices
are essentialy constants rather than variables and are therefore captured in the regression constant “ o”.
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leased lines: the number of leased lines owned by the operator is also likely to be an
important driver of codts.

§ environmental factors, including:

2.1.2.

length and type of cable routes: thisisan important factor in determining the cost of
installing and operating a fixed telecommunications network and isto a large extent
outside the control of the operator as it will reflect the geographical size of the
country, itstopographical characteristics and also population density. Potential
measures include:

— total length of underground cable routes in the network;
— tota length of aerial cable routes in the network;
— length of aerial cable sheath in the network; and
— length of non-aerial cable sheath in the network.

population density: the population density of a country will have an impact on costs,
since providing a service to a given number of customers will require network rollout
covering a smaller geographic area where population density is higher. Such effects
are beyond the control of the network operators.

type of terrain: it tends to be more expensive to operate a network in areas with
difficult terrain (for example, installing lines in mountainous areas can be difficult and
expensive). Our experience isthat it is difficult to obtain data that reflectsthis,

the number of switches and the ratio of remote concentrators to host processors:
while thisis partly within the control of the operator it will also reflect population
density and other geographical factors.

Assessing the 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 raised in this
context are:

§ How well does the cost model fit the company observations (i.e. isthere alarge
proportion of cost variation that is left unexplained by the variation in the chosen
explanatory factors?). Thisis usually measured by the coefficient of determination, R?, or
aclosely related measure.

§ Arethe coefficient signs sensible? For example, does the model predict that costs will
rise (rather than fall) as the number of lines increases, as intuition and experience would
suggest?

§ Arethe coefficients statigtically significant? In other words, can we be confident that the
relationship described isavalid one?

Even if the model appears to be satisfactory, there are several potential sources of inaccuracy.
These include inaccuracies of functional form, the omission of relevant variables, and a lack
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of independence among the cost drivers? It isunlikely that in practice any model's functional
form will be known exactly in advance. For example, in our case, we do not know prior to
conducting our analysis whether costs are linearly related to the number of lines or whether
the functional form is more complex. For example, would logarithmic transformation of
explanatory factors give a better fit? Just as important is the selection of cost drivers. The
accuracy of regression analysis in measuring relative efficiency depends to alarge extent on
the degree to which all relevant explanatory factors have been included. If, for example,
mountainous terrain had a significant adverse effect on costs but was ignored in the
regression study, then those companies serving mountainous areas might appear to have
unduly high costs simply because of their location rather than because of inefficiency.

NERA will examine the validity of the model derived for analysing the comparative
efficiency of KPN. All results will be discussed within the context of the statistical validity
of the model.

2.1.3. Multi-year least squares regression analysis

The analysis described above uses data for a single year to assess how efficient one firmis
compared to others. However, depending upon the number of firms for which datais
available, such analysis has limitations with regards to accuracy and robustness. If, for
example, a number of firms have low cogts 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 observationsis limited to
the number of companies for whom the required data are available.

Where anumber 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 peculiaritiesin the data, asthese 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 difficultiesin 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 thistype of data. In its place atwo-
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

2 Thisisan example of what is known as multicollinearity in regression.
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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 al companies over
time. The regression equation inthiscaseis:

C., :a+b1Li,t +b2Pi,t +b3Qi,t t..+T+u,

where T isthe time trend, and L, isthe value of variable L for company i in time periodt,
and so on. Finally, u,, isthe regression residual which indicates the gap between actual and
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 nine 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.

2.2. Stochastic Frontier Analysis (SFA)

The main drawback of least squares regression analysis in the context of efficiency
comparisons is that they implicitly assume that the whole of the residual that is obtained for
any observation 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 measurement errors and other factors affecting costs that
have not been picked up in the regression equation. Stochastic Frontier Analysis represents
an attempt to address this shortcoming by decomposing the regression residuals between
‘error’ and ‘genuine inefficiency’, in order to provide a more accurate reflection of the true
level of inefficiency. There is an extensive academic literature on efficiency measurement
using Stochastic Frontier Analysis (SFA), and utility regulators areincreasingly using it asa
measure of inefficiency.

Under the simplest implementation of SFA, an Ordinary Least Squares (OLS) regression is
first estimated to capture the sensitivity of coststo differences in operating environments,
level of outputs and so on. This model results in residuals that can be attributed to the two
remaining causes of measured cost differences:

§ thosethat 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; and

§ 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 compared with genuine
inefficiencies.
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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 2.2 provides an
illustration of this. We have again used the simplified example of just one explanatory
variable in the regression model - the number of lines.

Figure 2.2
Stochastic Frontier Analysis
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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; and

§ genuine inefficiency for that particular company.

Indeed, it will still theoretically be possible for a particular company to have a measured 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 2.2). 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
isalso 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. Thisis the technique that NERA intends to
apply inthiscase. This method involves analysing a number of statistical distributions, to
identify if they fit the distribution of the ‘inefficiency’ component of the residual error
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(which, as we have discussed above, is assumed to be skewed in the direction of being
positive).® We will consider three different distributions that are available in the statistical
software that we use for such modelling:

1. The“half normal” distribution - thisisessentially just the right hand side of a normal
distribution. Therefore, the distribution peaks (has a mode) at zero inefficiency, with a
declining probability distribution function for increasing non-zero inefficiencies;

2. The*“negative exponential” - again the distribution peaks (has a mode) at zero
inefficiency, after which the probabilities of increasing non-zero inefficiencies decline
exponentially. Therefore, compared to (1), this distribution assumes that inefficiencies
will tend to be more heavily bunched around the value zero; and

3. The*“truncated normal” - aswith (1), thisis essentially a normal distribution, but
shifted along the axis to allow for a peak (amode) at a non-zero level of inefficiency.
Thisis perhaps the most general (and arguably the most realistic) assumption.

The three distributions are illustrated below:

Figure 2.3
Statistical Distributions for the Stochastic Frontier Model
Half Normal Negative Exponential Truncated Normal
0 Inefficier:my 0 Inefficier:my 0 Inefficie%cy

Essentially, SFA attempts to estimate a maximum likelihood model using each of these
statistical distributions. If adistribution is found not to fit the data, the model is abandoned.
However, if adistribution 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 that is characterised as *inefficiency’ (as opposed to
‘measurement error’).

The main disadvantage of SFA isthat assumptions are required in order to decompose the
regression residuals, and in many practical cases insufficient datais 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

3 SeeJondrow, Knox Lovell, Materov and Schmidt, On the Estimation of Technical Inefficiency in the Stochastic
Frontier Production Function Model, Journal of Econometrics, Volume 16 (1982).

NERA Economic Consulting



The Comparative Efficiency of KPN: Methodology

Methodology

one distribution may be deemed to ‘fit’ the data). However, it can still be very useful in
providing us with additional information concerning the true level of inefficiency that is not
available from basic OL S regression analysis.

2.2.1. 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, +bQ +..+T+v, +u,

where T isatime trend variable that identifies the change over time in the regression
constant, i represents an individual company observation and t represents the time period.
Note that with this specification, residuals can be different for each firm and for each year.
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 (t) 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

(thatis, u,, =u,). Thismay not be arealistic 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, we may apply two different possible parameterisations of the
inefficiency term u to the SFA panel.

§ A time-invariant model where the inefficiency term is assumed to be constant over time
within the panel; and

§ A parameterisation of time effects (time-varying decay model) where the inefficiency
term is modelled as a random variable multiplied by a specific function of time:

h(t-T)

U, =€,€

where T corresponds to the last time period in each panel and 1 is the decay parameter to
be estimated.
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2.3. Data Envelopment Analysis (DEA)

Data Envelopment Analysis (DEA) can be used as an alternative to regression-based
techniques. Itisnot astatistical estimation technique, but rather makes use of mathematical
programming methods, without the need to rely on a precise parametric cost function. This,
in fact, isits main advantage: 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 alinear 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 costsis lower than that of the target company, this cost difference
is assumed to be attributable to inefficiency on the part of the target company.

Thisis explained more clearly with the aid of a diagram. Figure 2.4 below shows a
simplified 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, using the combination of inputs 1 and 2 shown in the diagram. DEA
assumes that, since B and C are technically feasible positions, point E (alinear combination
of the two) is also technically feasible. Point E lieson aradial to A from the origin, and
hence is a point using proportionately less of each input 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 OE/OA, and companies B and C form a ‘peer group’ for company
A.

Figure 2.4
DEA: Input Minimisation
Input 21

= 4

Input

It should be noted that DEA has a number of disadvantages:
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§ It provides no statistical framework to model the possibility of errorsin the observations;

§ It has atendency to give observations the ‘ benefit of the doubt’. Inarriving at an
efficiency score for an observation, DEA adopts aweighting structure which emphasises
the particular inputs and outputs which show that observation in the best possible light;*
and

§ 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 dataset. For example, if acompany
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.

2.4. Intended Procedure

Given that the different methods described above have different strengths and weaknesses,
we intend to make use of all three econometric/statistical and mathematical programming
techniques; least squares regression, SFA, and DEA. The outcomes of each of these analyses
will be used in order to assess the comparative efficiency of KPN. Each will be discussed
with reference to the statistical significance of the results (where applicable) and, where
significant assumptions are required, it is intended that their impact will be examined through
the use of sensitivity testing.

*  SeeCharnes A., Cooper W. and Rhodes E., 1978, M easuring the efficiency of decision making units, European Journal
of Operations Research, Volume 2, pages 429-444.
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3. Data Preparation

In order to conduct any form of efficiency analysis, it isimportant to start with a complete
and accurate set of data. Using our methodology, we propose to compare KPN with the
benchmark of the US Local Exchange Carriers (LECs). One key difficulty in the analysisis
to ensure that the collected data has been prepared on a consistent basis, so that we are
performing a “like for like” comparison of operators. There are a number of problems that
may arise in the comparison of operators, and it isimportant that these issues are addressed if
the results of our comparative efficiency analysis are to be robust.

There are two main types of datathat must be prepared in order to perform the comparative
efficiency analysis:

§ cost data; and

§ output data.

We consider each of these in turn.
3.1. Cost Data

For the preparation of cost data, there are a variety of issues that must be considered,
including:

data sources,

the appropriate definition of costs,

the exclusion of irrelevant costs,;

currency conversions,

the treatment of telecommunications plant under construction;

the trestment of depreciation;

issues relating to the cost of capital; and

w W W W W W W W

issues relating to differences between US Generally Agreed Accounting Principles
(GAAP) and Dutch accounting principles.

3.1.1. Data Sources

All cost datafor KPN isto be supplied by KPN itself. Cost datawill be provided on a
Current Cost Accounting (CCA) basis, and isto be broken down into the costs of various
constituent parts of KPN’s business.

For the US LECs, the raw data is drawn from the Federal Communications Commission
(FCC) ARMIS database.”

5

This data can be found on the FCC website at http://www.fcc.gov.

NERA Economic Consulting
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3.1.2. Definition of costs

Before attempting to analyse the comparative efficiency of telecommunications operators, it
is important to consider which costs are being compared. Assuming that regulators are
interested in minimising the overall cost to the customer of telecommunications services (that
is, the price that the customer pays for the service), the appropriate cost measure should be
total cost rather than another partial measure of cost (such as operating expenditure).
Therefore, we intend to examine total costs, defined as operating costs, plus depreciation,
plus the cost of capital. The precise methodology adopted is discussed below.

3.1.3. Costs to be Excluded
Coststo be considered for removal from KPN'’s cost base include:

1. Paymentsto mobile operators for calls terminating on mobile phones should be removed
to account for the fact that the called party pays for mobile callsin the US and no
payment is made by the fixed operator. All other interconnection payments should be
retained in the cost base;

2. Emergency call costs should be removed from KPN’s cost bases because in the US, while
the routing of emergency 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, none of which have aregulatory tieto the
FCC,

3. Bad debts appear as a deduction from revenue for the LECs, and so should either be
excluded for KPN or else added back as an indirect cost element for the LECs; and

4. Property taxes should be excluded from the cost base of KPN’s businesses. For the LECs
such costs are also excluded from the data set.

3.1.4. Currency Conversion

The cost data for the US LECs must be converted from US Dollars into Euros so that a
comparison with KPN'’s costs can be performed. It would not be appropriate to apply actual
market exchange rates in this case, since, with the exception of goods that can be purchased
on international markets, actual market exchange rates 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 Perities), on the other hand, eliminate the
impact of differences in price levels between countries, and so will be used in our analysis.

It is proposed that data from the balance sheets and income statements for the US LECs will
be converted from US dollars to Euros using the PPP of GDP, which will take into account
wage rate differences between the US and the Netherlands.

3.1.5. Treatment of Telecommunications Plant Under Construction

The US LECs include a cost category to cover Telecommunications Plant Under
Construction (TPUC). Since there is no information available concerning exactly what assets
are included in this account, we propose to allocate it as if it were exclusively replacement
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investment (so we will alocate plant under construction to the various asset groupingsin
proportion to the relative level of depreciation in each).®

3.1.6. Estimation of Cost of Capital

The cost of capital for each company will be equal to the net book value of assetstimes the
required rate of return. So asto avoid estimated efficiency being affected by differencesin
the required rate of return, we will use the same rate of return for all companies. The rate we
propose to useis that for KPN, which will be estimated as a separate study.

3.1.7. GAAP Adjustments

Under US FCC guidelines, the LECs submit their accounting figures in accordance with US
Generally Agreed Accounting Principals (GAAP). In contrast KPN'’s accounts are prepared
in accordance with Dutch GAAP. Therefore, there may be cost differences arising from
differences between the Dutch and US methods of preparing company accounts. It will
therefore be necessary to adjust, as much as possible, KPN’s data, in order to restate costsin
accordance with US GAAP. Failureto do this could introduce cog distortions into the
analysis, and thereby reduce the accuracy of the measure of KPN’s comparative efficiency.

3.2. Output Data
3.2.1. Number of Lines

Previous studies of costs in the telecommunications industry indicate that the number of
access lines is an important cost-driver, since thisis a major influence on the overall size of
the network, as well as the size of the customer support systemsrequired. There are three
main types of line:

§ exchange lines (PSTN and ISDN);
§ leased lines; and

§ special access lines (also know as interconnecting leased lines).’
Furthermore, leased lines and special access lines can be of various capacities.

|deally we would wish to use pure volume based measures of all types of lines. Data
concerning KPN'’s access lines can be provided directly by the companies. However, whilst
the LEC data published by the FCC does include information on the total number of switched
access lines and special access lines, there is very limited data on the number of leased lines
that are provided by each LEC. Nevertheless, information is available concerning each
LEC'stotal annual revenue from leased lines. We therefore intend to use these revenue
figures to estimate the number of leased lines provided by each LEC.

®  Note that, when a construction project is completed, its cost is credited to the TPUC account and charged to the account
of the relevant asset.

In the US these are used to connect end user premises to the points of presence of inter-exchange (long distance)
carrierssuch asAT&T.
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In order to do this, we shall apply the following formula:

—_ RevUS
LUS N
(P~ RP)
where LLys = Number of leased lines for aUS LEC
Revys = Leased linerevenue for aUSLEC
Po = Average price of aleased line in the Netherlands
RP = Relative US-Dutch leased line price

It is important to note that there are a wide variety of leased lines and special access lines
available with different transmission capacities. Therefore, for the purposes of this analysis,
we intend to consider the number of leased lines in terms of 64kbit-equivalents.

3.2.2. Traffic Volumes

In addition to the number of access lines, the costs of a telecommunications network will
depend on traffic levels. Ideally, traffic should be measured in terms of:

§ busy hour Erlangs (driving the cost of transmission and switch port capacity); and

§ busy hour call attempts (driving the cost of switch processing capacity).

Unfortunately, public data on these quantities for US LECs is not available. However, call
minute data is published by the FCC. Provided that the ‘load profile’ of traffic (the
percentage of traffic in the busy hour) is similar across al operators, then call minutes can be
taken to proxy busy hour Erlangs. Although we have no quantitative datato verify whether
thisis the case, there are two plausible reasons why US load curves will (if anything) be more
‘peaky’ than those of KPN, and one reason to suppose they may be less ‘peaky’:

§ Thereisasmaller overlap of working hours between cities in different US time zones.
Therefore, traffic between New Y ork and Los Angeles (for example) must be
concentrated into fewer hours;

§ Freelocal calls mean that customers have no incentive to keep their calls (including social
calls) out of the peak tariff period (which usually contains the busy hour). Thisis
emerging as a particular problem in the US with internet calls using up capacity at peak
times on the local network; and

§ Offsetting these effects is the fact that the different time bands may mean that originating
traffic is more spread out during the day according to its destination. For example,
business traffic originating in New Y ork and destined for Los Angeles occursin the early
evening when east coast-destined traffic is at alower level.

Apart from busy hour Erlangs, the other main driver of switching costsis busy hour call
attempts. These can again be proxied by call minutes provided the load profile and average
call lengths are the same across operators. (Unfortunately, there is no data available for the
US LECsto test whether thisisthe case). If traffic is more (less) peaky in the US, the use of
minutes of traffic will tend to overstate (understate) KPN'’ s relative number of busy hour call
attempts.
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Call minutes are usually stated in terms of the number of conversation minutes and
subdivided into local, national and international calls. However, since local calling areas
differ in size, and national calls in different countries require different numbers of switching
and transmission stages, these measures are not suitable for international comparisons. These
problems are avoided if traffic volumes are expressed in terms of the number of switch
minutes. If one country has larger local calling areas where a greater proportion of local calls
pass through more than one switch, then switch minutes per local call will be correspondingly
higher.

3.2.2.1. Local switch minutes

Local switch minutes are defined as the total number of call minutes (local, national,
international, or other) that pass through local switches. For KPN, local switch minutes (per
annum) can be calculated by using the formula:

Routing factor for local calls* local call minutes

+ Routing factor for trunk calls* trunk call minutes

+ Routing factor for international calls* international call minutes
+ Routing factor for other calls* other call minutes

= Total local switch minutes

In each case the routing factor is the average number of local switches through which the call
passes.

Total local switch minutes for US LECs (per annum) can be calculated by using the formula:

Routing factor for local calls* local call minutes

+ Routing factor for intra-LATA * intra-LATA call minutes

+ Routing factor for inter-LATA calls* inter-LATA call minutes
= Total local switch minutes

Routing factors for KPN are to be supplied by the companies. For US LECs, we estimate
that 50% of local calls are ‘own exchange’ 2 whilst the remainder use two switching stages.
Thiswould imply alocal call switching factor of 1.5. This assumption can be flexed in order
to conduct a sensitivity test of itsimpact upon the results of NERA’s econometric analysis.

Intra-LATA calls pass through two local switches (one at each end of the call), whilst for
inter-LATA calls (where we consider incoming and outgoing calls separately), only one local
switch isinvolved per end. Therefore, the US routing factorsto be used are as follows:

Table 3.1
US LEC Local Switch Routing Factors
Type of Call Routing Factor
Locd calls 15
Intra-LATA calls 2.0
Inter-LATA call ends 1.0

Source: Hatfield model and NERA analyss

8 Estimate based on aninput to the Hatfield cost model.
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3.2.2.2. Main switch minutes
Total main switch minutes for KPN (per annum) can be calculated using the formula:

Routing factor for local calls* local call minutes

+ Routing factor for trunk calls* trunk call minutes

+ Routing factor for international calls* international call minutes
+ Routing factor for other calls* other call minutes

= Total main switch minutes

Total main switch minutes for US LECs (per annum) can be calculated by using the formula:

Routing factor for local calls* local call minutes

+ Routing factor for intra-LATA calls* intra-LATA call minutes
+ Routing factor for inter-LATA calls* inter-LATA call minutes
= Total main switch minutes

For the US LECs, 98% of local inter-office traffic is directly routed between originating and
terminating end offices as opposed to being routed via a tandem switch.® Thisyieldsa
routing factor for local calls passing through tandem switches of 0.02. For long distance
calls, however, the situation in the US is more complex. It can be assumed that al 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 intrasLATA and inter-LATA calls.

In the case of intra-LATA toll calls, around 80% can be assumed to be routed directly to the
terminating local switch™®, whilst the remaining 20% can be assumed to transit through a
tandem switch - thus giving arouting factor of 0.2. Inter-LATA calls, on the other hand, can
be assumed to be routed from the LEC local switch directly to along distance carrier Point of
Presence (POP) in 70% of cases™, 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 POP (again usually at along distance operator switch but
sometimes at another location), and be delivered through the destination LEC's network in
roughly the same manner asthat in which it was originated. Thiswould suggest that each
end of an inter-LATA call passes through an average of 0.3 tandem switches within the LEC
network.

Therefore, the US routing factorsto be used are as follows:

Table 3.2
US LEC Main Switch Routing Factors
Type of call Routing factor
Locd calls 0.02
Intra-LATA calls 0.2
Inter-LATA call ends 0.3

Source: Hatfield model, Bellcore and NERA analysis

®  Input to the Hatfield cost model.
10 Based on inputsto the Hatfield cost model.

1 Based on information obtained from Bellcore.
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3.2.2.3. Total switch minutes

Multicollinearity can present 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 amain
switch minute. 1n order to overcome this problem, we propose to construct a composite
switch minute variable reflecting both local and main switching.

In order to construct this composite variable, it is necessary to determine an appropriate
weight for the “output” of a main switch minute relative to alocal switch minute. We
propose to use the same relative weight for the output of local and main switch minutes for

all operators. The relative weight we propose to adopt will be based on the midpoint cost
ratio for local and main switch minutes for all operatorsin the sample. This procedure avoids
the problem of using operator specific cost ratios, which could themselves reflect the relative
efficiency of those operators.

3.2.3. Geographical Factors

A number of variables exist which could potentially be used to account for geographical
dispersion of customers, but they may not all be appropriate. 1deally, we would wish to use a
variable totally exogenous to the telephone operators themselves, but which nonetheless
captures both the density and dispersion of customers. By exogenous, we mean that the
variable should be outside the control of the operators, and hence differences in the variable,
reflecting different environments, would mean differences in the costs of efficient operators.
However, in practice there appears to be a “trade-off” between finding genuinely exogenous
environmental variables, and variables that can actually be observed for each operator.

One possible candidate is average population density. However, it has serious limitations.
By averaging across awhole area, average population density cannot take account of the
population distribution. For example, if we consider two telephone companies of equal size
and the same average population density, but in one case the population is concentrated in
urban areas (surrounded by uninhabited areas), whilst in the other the population is evenly
spread over large rural areas, one would expect to find significant cost differences. In
addition, it is difficult to find data giving accurate population density figures for the various
areas which the LECs cover. Therefore, population density may not be appropriate for
inclusion as a variable in the regression.

A second possible measure (although not one that is entirely exogenous to the telephone
operators) isthe actual network length required by each operator to provide service coverage
within its operating area. Inthe case of the US LECSs, datais available for cable sheath length
(both aerial sheath length and non aerial sheath length), and is published by the FCC for each
company.™? Corresponding data is also to be provided by KPN. An environmental variable
encompassing average sheath length per line (i.e. sheath length divided by our estimate of
total lines) should reflect to some extent both population density and dispersion.

2 For the purposes of our analysis, “sheath length” includes sheath km of metallic cable and fibre aerial cable,
underground cable, buried cable and intrabuilding network cable. However, we propose to excluded sheath length of
submarine cable and deep sea cable asit is not part of an inland network such as that operated by the LECs.
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In order to capture more effectively the differences in operating environments between
different LECs and KPN, sheath length per line can be disaggregated between aerial and non-
aerial sheath length per line.

3.2.4. US Exclusions

Finally, it isimportant to note that a number of US LECs may be considered as inappropriate
comparators for KPN, and hence may be excluded from the analysis. The US LECs will be
analysed to identify any companies that fall into this category.
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