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PREFACE III

Preface

In March and December 1999, the Commission published international
benchmarking studies comparing Australia’s telecommunications prices and
regulatory arrangements with those in a number of other OECD countries. These
studies noted that an important influence on costs, and potentially on price
differences between countries, is line density. Line density distributions are
influenced by the distribution of population.

In this study, differences in population distribution, between Australia and several
countries and US States, are examined to gauge their impact on average
telecommunication line costs.
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KEY POINTS IX

Key points

•  The average cost of providing local telephone service is increased in Australia,
because it has a relatively large proportion of its population (and hence lines) in
areas with low population densities.

•  Previous benchmarking by the Commission indicated that Finland has lower
prices than Australia. This new study suggests that this is not the result of cost
advantages due to a more favourable population distribution.

•  Depending on assumptions about the cost of providing each line, average line
costs in low-density areas of Australia of less than about 2 lines per square
kilometre were found to be between 6 and 10 times the average cost per line in
the rest of Australia.

•  Similarly, low density areas are estimated to account for some 25 per cent of the
total cost of providing local telephone service, despite having only about 5 per
cent of the total number of lines. This compares with a 10 per cent cost share for
the equivalent low-density areas in Washington State and 5 per cent for those
areas in California.

Reasons for undertaking the study

•  This study was undertaken to examine the extent to which price differences in
international comparisons can be attributed to differences in the distribution of
population, therefore providing insights into the importance of other factors such
as industry and regulatory performance.

•  This work is in support of the Commission’s ongoing program of benchmarking
the performance of Australia’s economic infrastructure. It follows on from two
international benchmarking studies of telecommunications prices.

•  The research addresses a weakness in the general understanding of the influence
of widely accepted economies related to the geographic intensity of service
provision on overall costs when there are significant differences in the way
population, and hence telephone lines, are distributed.
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Previous studies

•  In the past, researchers examining the influence of population and line
distribution on cross-country differences in telecommunication line costs have,
for the most part, used data too highly aggregated for the purpose.

•  Moreover, the data used has generally been obtained from various sources with
no attempt to ensure comparability.

•  Also, researchers have ignored that the number of telephone lines per head of
population varies with population density.

Approach

•  Average line costs for Australia, New Zealand, Finland and the US States of
Alaska, California, Oregon and Washington were estimated using line density
distributions (the proportions of lines in various line density categories) and a
common cost function (average cost per line as a function of line density)

− line density distributions were derived from population distributions and
estimates of lines per person, taking into account the variation in lines per
person with population density.

•  Population density distributions for each country and US State were
‘normalised’ to a consistent level of aggregation. This adjustment was necessary
because population density distribution estimates are highly sensitive to the level
of data aggregation used.

•  Readily available cost functions were augmented to provide greater information
on the relative costs per line in low-density areas using information provided by
Telstra and the Australian Communications Authority.
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1 Introduction

Telecommunication services play a vital role in the Australian economy. They are
used in the production of virtually every good and service — and their role
continues to increase. Technological innovations in telecommunications are
facilitating better information management and lowering the transaction costs of
business. Hence, price reductions in these services, to the extent that they reflect
more efficient resource usage, are likely to yield economy-wide benefits.

Recently, the Productivity Commission (PC) undertook two international
benchmarking studies comparing the prices of telecommunications services in
Australia with several other developed countries (PC 1999a,b). The studies noted as
one potential source of high prices, low productivity. Another, strong financial
performance, where that performance is based on a deleterious exercise of market
power.

It was also acknowledged that there are other factors associated with a carrier’s
operating environment, over which a carrier has limited control, which may affect
prices.

Perhaps most important among these other environmental factors, are differences in
the way in which populations, and hence lines, are distributed in each country —
that is, differences in line densities.

There has been little argument about the relevance of these differences when
comparisons are made within a country.1 However, the magnitude of the impact of
these differences on cross-country comparisons of telecommunication prices has
been the subject of continuing debate (for contrasting views see, for example,
NECG 1999, Ovum 1998, BIE 1995, Ergas, Ralph and Sivakumar 1990).

                                             
1 Telecommunication cost studies show, unambiguously, that one of the most important factors

in explaining cost differences between different locales within a country is line density. See, for
example, Alger and Leung (1999), NECG (1999), Gabel and Kennet (1994), Guldmann (1991).
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1.1 Purpose

The aim of this study is to provide information on the influence of line density on
cross-country price comparisons by estimating the differences in average line costs
that can be attributed solely to differences in the way populations (and hence lines)
are distributed.

To isolate the effect of line density on average line costs, the influence of other
factors on cost was held constant. That said, there are many other influences on line
costs (see box 1.1). Hence, the results of this study should not be interpreted as
representing all the cost differences between countries that are beyond the control of
carriers.

Box 1.1 Other factors influencing telecommunications costs

Line densities are not the sole determinant of average line costs. Costs may differ
between countries for many other reasons. Other factors that affect the costs of laying
or maintaining lines include those attributable to:

•  geology, geography and climate — for example, terrain, soil type, depth to
bedrock, vegetation, and water levels;

•  regulation — for example, local government requirements that lines be laid
underground; and

•  input costs — for example, relatively high labour or capital costs.

In addition, line density is only a proxy for average line length — the average amount
of cable required to link a subscriber to their local exchange. The exact configuration of
subscribers varies between areas with the same line density, affecting average costs.

Another factor, for which line density is only a partial proxy, is the number of lines
connected to each exchange. This affects average line costs — with fewer lines
connected to an exchange average line costs are higher. In any country, the average
numbers of lines connected to an exchange tends to fall with a fall in line density.
Nevertheless, for different exchange service areas having the same broad line density
the numbers of lines connected to each exchange varies significantly.

Line costs, at a particular line density, were defined as the typical (average) costs of
efficiently providing the relevant customers with basic local telephony services. The
costs include all the associated infrastructure costs of providing the basic services to
meet forecast demands at customer locations, the cost of meeting those demands
and billing. This includes the costs associated with the network elements (loop,
switching, transport and signalling), facilities and associated operations.2

                                             
2 This also includes a market reflective rate of return on assets required to provide the services.
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1.2 Recent studies

Ovum (1998) and Alger and Leung (1999) are two recent studies that addressed the
issue of the impact of cross-country differences in population density, and hence
line density, on international price comparisons. These studies are outlined and
reviewed in appendix A.

The Ovum study is topical. It was cited by the Australian Competition and
Consumer Commission (ACCC) in a recent telecommunications access
determination.

The Ovum study was similar to a number of other studies, in that the line density
issue was addressed in passing (for example, Ergas, Ralph and Sivakumar 1990,
NECG 1999). As outlined in appendix A, the analysis was relatively brief and the
results equivocal. Hence, it did not strongly support a conclusion that adjustments
for differences in line density were not required when comparing Australian access
charges with those prevailing in the US and UK.

Alger and Leung (1999) was the only study identified, that was singularly devoted
to the subject. The authors estimated the average line costs in five countries —
Australia, New Zealand, Sweden, the United Kingdom and the United States. Their
study took a broadly similar approach to this study.

Relatively disaggregated census data was used for each country, the population data
being used to estimate line density distributions. Weighted average costs for each
country were then estimated using cost results for a number of US States obtained
from a US engineering cost model.

Although the study was a significant advance on previous work, it did not identify
or address an issue related to the comparability of census data. Differences in the
level of aggregation used for different census data significantly affect density
estimates and hence average line cost estimates. Consequently, for comparisons
between countries to be valid, the same levels of aggregation must be used. Where
levels are not the same between countries, some ‘normalising’ adjustments are
required.

1.3 Scope

Three countries and four US States were included in this study — Australia,
Finland, New Zealand, Alaska, California, Oregon and Washington State. The
choice of countries (and US States) was partly motivated by data availability and
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cost. Finland was chosen because it was the country that had the lowest overall
prices in the Productivity Commission’s benchmarking studies.

1.4 Consultation

Telstra and the Australian Communications Authority (ACA) were kept up-to-date
with the progress of the study and both provided data. The ACA provided raw
output from their Universal Service Obligation (USO) cost model — the Net
Universal Service Cost (NUSC) model. Telstra also provided cost data from a USO
related study they had commissioned. In addition, they provided extensive data on
line numbers by wire-centre along with concordance data matching this data to
Australian Bureau of Statistics (ABS) census data.

Dr Dan Alger of Economics Incorporated provided extensive background data and
estimates from the Alger and Leung (1999) study. Dr Daniel Kelly of HAI
Consulting Incorporated provided the results of model runs for all US States from
the HAI model version 5.0a.

1.5 Refereeing

Drafts of the chapters and appendixes were refereed by Dr Tim Fry (Monash
University), and Dr Philippa Dee, Dr Patrick Jomini and Chris Chan (Productivity
Commission).
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2 Research method

The aim of this study was to estimate the differences in average line costs that may
be attributed to differences in the way populations, and hence telephone lines, are
distributed.

Average line costs were estimated using line density distributions (the proportions
of lines in various line density categories) and a cost function (average cost per line
as a function of line density). The average cost per line for a country was estimated
as a weighted sum of the costs per line for each line density category, using the
proportion of lines falling in the density categories as the weights.

That is, average line costs were estimated by:

1

   
T

i i
i

AC Cφ
=

= ∑ 2.1

Where AC is the estimate of the average line cost for a country, φi is the proportion
of lines in a particular line density category i, Ci is the average line cost for that
density category, and T is the number of density categories.

In order to isolate cost differences solely attributable to differences in the way
populations are distributed, a common cost function was used.1 Consequently, areas
with the same density were assigned the same cost per line.

2.1 Cost functions

Line costs vary significantly with line density. Moreover, estimates of average line
costs, for any given density, also vary significantly.

BCPM and HAI cost schedules

The cost schedules used for this study were all based on two schedules provided by
Telstra. These schedules were based on cost estimates obtained from the US

                                             
1 Other factors influencing costs are outlined in box 1.1.
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Benchmark Cost Proxy Model (BCPM) and the Hatfield Associates Incorporated
(HAI) cost model, respectively (see box 2.1).

Box 2.1 The BCPM and HAI ‘forward-looking’ cost models

The cost schedules used in this study are based on results from the US Benchmark
Cost Proxy Model (BCPM) and the Hatfield Associates Incorporated (HAI or Hatfield)
model. These engineering models are used to estimate the total average cost (per line)
of providing basic local telephony services in nine line density categories. They use
very detailed data (on customer locations and demands, topography, soil conditions
and climate) as a basis for designing a network capable of serving existing customers
at least cost.

The US models were developed for use by protagonists in US regulatory hearings on
access charges and universal service subsidy payments. The BCPM model was
financed by incumbent carriers (and produces higher cost estimates). The HAI model
was financed by entrants.

More recently, the US Federal Communications Commission (FCC) developed its own
model, the Hybrid Cost Proxy Model (HCPM). Costs estimated with this model fall in
between those of the protagonists’ models. However, the structure and cost estimates
of the HCPM are closer to those of the HAI model.

The results of the models are provided in various forms — for example, by individual
US Census Block Group, Block or wire centre. Results are also aggregated into
average line cost within a density range (for example, the average cost per line of
Census Block Groups with line densities between 0 to 5 lines per square mile — that
is, 0 to 1.93 lines per square kilometre).

Telstra provided aggregated cost schedules, which they claim are typical of the
relationship between cost and line density. They are based on the aggregated
averages for five US States (Florida, Georgia, Maryland, Missouri and Montana) and
are consistent with BCPM and HAI cost schedules obtained from other sources.

These and other cost models provide differing estimates of the levels of costs, and
of the cost relativities between the high- and low-density areas.2 This variation and
uncertainty about the exact shape of the relationship between cost and line density,
motivated the decision to try several different cost schedules.

The BCPM and HAI engineering models have been used extensively in US
regulatory hearings (at both State and Federal levels) to determine appropriate
interconnect prices and universal service subsidies. Both are designed to estimate

                                             
2 For example, the BCPM cost results are about 25 per cent higher than the HAI results for the

low-density areas, but more than 200 per cent higher for high-density areas. Similarly, the HAI
estimates suggest average line costs in a low-density area (0 to 2 lines per square kilometre) are
about 20 times greater than in a high-density area (4000 or more lines per square kilometre);
the BCPM estimates suggest a difference of less than 8 times.
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‘forward-looking’ costs — that is, to estimate the long-run monthly per line cost of
providing local telephony services with least-cost technologies.

The BCPM and HAI cost schedules provide estimates of the total average cost
(per line) of providing basic local telephony services in nine line density categories.

Adjustments to the BCPM and HAI cost schedules

The lowest density category for the BCPM and HAI cost schedules is 0 to 5 lines
per square mile (0 to 1.93 lines per square kilometre). The proportion of lines
falling within this category has an important influence on country-wide average line
costs, and hence comparisons.

Accordingly, more information was added on cost relativities within this range.
Cost data was provided by Telstra and the Australian Communications Authority
(ACA).

The Telstra and ACA data provided estimates of ‘forward-looking’ costs at low
densities (based on Australian conditions).3 These were used to estimate the relative
average costs of lines in various partitions of the 0 to 1.93 square kilometre
category.4 The results of this analysis were ‘spliced’ into the BCPM and HAI
schedules — replacing the lowest density category with two categories.5 Ten
augmented cost schedules were produced in the process (see appendix B for
details).

2.2 Line density distributions

The line density distributions were imputed from population density distributions,
and information on the relationship between population and line density.6

                                             
3 The costs had been estimated to assist in assessing the magnitude of the universal service

obligation (USO). Telstra’s results were based on a study that estimated the ‘forward looking’
line costs for 40 wire centres in low-density areas. The ACA results were from their
engineering model (similar in design to the HAI model). This model was used to estimate the
costs in 6122 low line-density areas.

4 Analysis of the Telstra cost data provided relative cost estimates for two categories — 0 to 0.1
and 0.1 to 1.93 lines per square kilometre. Analysis of the ACA data provided relative cost
estimates for the 0 to 0.2 and 0.2 to 1.93 lines per square kilometre ranges.

5 Thus, the resulting schedules had ten density categories.
6 Comparable cross-country data on line density distributions were unobtainable. Hence, the

Australian relationship between population and line density was used.
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The population density distributions were constructed using census data from
Australia, Finland, New Zealand and four US States — Alaska, California, Oregon
and Washington.

Population density distributions for each country (and US State) were estimated as
the cumulative proportion of population at or below a given population density (see
appendix B).7

Reporting levels

Each country provides census data at a number of reporting levels (or levels of
aggregation). At a particular reporting level, a country is divided into a number of
distinct geographic areas. For each of these areas (or statistical reporting units), the
number of people in the area (population count) and its size (in square kilometres)
are provided.

The population density associated with the area (at a particular reporting level) was
estimated as the number of persons per square kilometre (population count divided
by area size).

At the base, or lowest reporting level, a country is divided into the largest number of
distinct areas. Higher reporting levels are constructed by joining base reporting
units together to create larger reporting units. For the US States, the second lowest
reporting level was used,8 the Census Block Group (CBG), and for Australia,
Finland and New Zealand the two lowest reporting levels were used
(see appendix B).

Adjustment issues

Estimates of a country’s population density distribution vary systematically with the
level of aggregation used. If larger reporting units are used (a higher reporting
level), estimated densities tend to be lower (see box 2.2).9

                                             
7 These are referred to as cumulative distribution functions (CDFs) of population density.
8 The lowest level of aggregation in the US, the base reporting level, is the census block level.
9 Estimated densities will tend to be lower over most but not all of the range of the distribution.
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Box 2.2 Different reporting levels yield different population density
estimates

The figure below illustrates the impact on estimates of population density and its
distribution when different sized census areas are used. The cumulative distribution
functions (CDFs) for population densities in Australia presented in the figure were
derived from 1996 census data provided at the base reporting level — the collector
district (CD) — and the next level up — the statistical local area (SLA). Population
densities were calculated for each level by dividing the population count in each
census area (CD or SLA reporting unit) by its size in square kilometres.

Australia — Cumulative distribution of population densities
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The horizontal axis represents population density per square kilometre. The vertical
axis represents the proportion of the total population living in CD or SLA reporting units
at or below that level of population density.

The reporting level used significantly influences results. For example, at the 20 per
cent level (that is, with 20 per cent of the population at or below that population density
level), the population density estimates are 11 times greater using CD data compared
with SLA data. Estimates of line density distributions and hence costs are affected. For
illustrative purposes, average costs per line for Australia were estimated using cost
data from the HAI model and line density estimates based on each distribution
estimate. The estimate based on the SLA data was 50 per cent higher than that based
on the CD data.

Note: A logarithmic scale has been used for the population densities. There were 34 259 collector districts
and 1321 statistical local areas. Due to the large number of observations, the plot based on collector
districts appears to be smooth.
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It was important to ensure that the reporting levels used ‘matched’ each other. If
they had not, systematic errors would have been introduced.10 Therefore, a common
reporting level was selected — the US CBG level.11 Population density estimates
were then adjusted so that they would correspond to this reporting level.12

However, none of the reporting levels used in Australia, Finland or New Zealand
match the US CBG level. Thus, a preliminary step in the adjustment process was to
construct a ‘reporting level indicator’ (RLI) to measure the extent to which these
reporting levels differ from the US CBG level.

This RLI was used to adjust each country’s population data so it would correspond
with data reported at the CBG level.

An indicator (or index) was required because none of the ‘units’ used for reporting
levels, in any of the countries, were well defined. A particular reporting level
comprises a number of observations or ‘units’, each having an area in square
kilometres and population count for that area. The size of these areas and the
corresponding number of persons included within an area, at a given reporting level,
vary substantially.13

The adjustment involved estimating density distributions for each country at two
reporting levels — one being the closest reporting level above, and the other below
the CBG level.14 The adjusted distribution was derived as a weighted average of
these two distributions.15 See appendix B for details of the adjustments.

                                             
10 ‘Match’ in terms of being at a similar level of aggregation. That is, when comparing countries,

the areas used for each census observation should be broadly similar, across the countries, in
locales with similar population densities — when the same level of aggregation is being used.

11 The CBG level is the second lowest reporting level used in the US — the lowest level being the
census block. The CBG level was chosen because, as already noted, the BCPM and HAI cost
schedules are based on results reported at that level.

12 If the cost function had been based on data provided at a different reporting level, then the
common reporting level would have had to match that level. The CBG level appeared to be a
good choice because data at this level provides a high degree of detail, making the resulting
cost comparisons more accurate. Also, if data from an even lower level of aggregation were
used, the results may have been less accurate due to the discrete nature of the fundamental
units, persons.

13 The area size of each observation is influenced by local population density and many other
factors. As density increases, reporting units from a particular reporting level tend to be smaller
in area. That said, at any density there is still a considerable variation in area size.

14 The numerical value of the reporting level indicator was used to determine whether a reporting
level from another country was above or below the CBG level.

15 For technical reasons, explained in the appendix, a weighted harmonic mean was used. The
weightings were based on the numerical values provided by the reporting level indicator.
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Population densities were then converted to line densities using a concordance
function based on Australian data.16 The concordance function provided the
number of lines per person for a given population density.17

2.3 Cost estimates

Finally, average line cost estimates, for each country and US State, were obtained
using the line density distributions and cost schedules. The line density distributions
provided the proportions of lines falling in each of the ten line density categories.
With this information, the weighted average line cost for each country was
estimated using equation 2.1.

                                             
16 As part of the sensitivity analysis, population densities were also converted to line densities

using country- and State-wide averages of lines per person, which were obtained from
ITU (1998) and FCC (1999), respectively.

17 The concordance function was based on data provided by Telstra on the numbers of lines in and
sizes of Australian exchange service areas (see appendix B). As part of the adjustment, the line
densities provided by the concordance function were scaled to preserve each country’s overall
ratio of lines per person.
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3 Population and line density
distributions

Graphical representations of each country and US State’s population and line
density distributions are presented in this chapter. They provide a sense of where
particular distributional differences between countries may influence overall line
cost and whether a country is likely to have higher average line costs.

3.1 Population distributions

Population density distributions (CDFs) were constructed from census data for
Australia, Finland, New Zealand and four US States — Alaska, California, Oregon
and Washington. The CDFs represent the cumulative proportion of population at or
below a given population density.

Estimates of a country’s population density CDF vary significantly depending on
the level of aggregation used. Accordingly, as outlined in chapter 2, census data
from each country was adjusted to make the resulting CDFs consistent with the US
Census Block Group (CBG) level of aggregation.1

In addition to CDFs, probability density functions (PDFs) of population density
were also estimated.2 A PDF provides an estimate of the concentration (probability
density) of population at a particular population density — the area under a PDF
curve, between two population densities, provides an estimate of the proportion of
population living in areas within that range of densities.3

                                             
1 See appendix B for details of this adjustment.
2 The PDFs were estimated using kernel density estimation. Silverman (1986) and Tapia and

Thompson (1978) describe this technique. An estimated PDF is similar to a histogram.
Technically, the integral of a PDF is the associated CDF of the underlying distribution.

3 The ‘probability’ in PDF refers to the likelihood that a person chosen at random from the
population is located within a given population density range. The function, therefore, provides
the probability density. A logarithmic scale is used in the figures; hence the PDFs are of the
logarithm of population (and line) density.
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Broad comparisons

Over a large range of population densities, Australia’s population is distributed in a
very similar way to New Zealand, Washington and Oregon. For all the countries
and US States compared, most of the population is located in areas with between
100 to 10 000 persons per square kilometre (see figures 3.1 and 3.2 and table 3.1).

California differs significantly from Australia, having 93 per cent of its population
in areas with more than 100 persons per square kilometre, compared with
80 per cent for Australia. Moreover, only 0.2 per cent of its population is in areas
with less than one person per square kilometre, compared with 2.8 per cent in
Australia.4 Also, as figures 3.1 and 3.2 illustrate, California’s population is
concentrated at higher densities and its CDF is always to the right of Australia’s.5

Table 3.1 Population distributions
(per cent)

Population
density range
(persons per
square kilometre)

Australia New
Zealand

Finland California Alaska Oregon Washington

0 to 1 2.8 1.5 0.7 0.2 12.8 1.6 0.7
1 to 100 16.9 14.9 43.8 6.6 27.0 23.1 16.8
100 to 10 000 79.3 83.6 55.3 87.6 59.8 75.1 81.9
10 000 plus 1.0 0.0 0.2 5.6 0.4 0.2 0.6
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

                                             
4 In this way, California, with its high concentration of population in large and medium sized

cities, is probably much more similar to some European countries.
5 If this pattern persists when line CDFs are compared, then Australia’s average line costs will be

estimated as being higher than California’s — almost regardless of the line density cost
function used.

If one country’s line CDF is always to the left of another’s, then, for any reasonable cost
function, its average line costs must be higher. The reasonable cost function is one consistent
with the economies of density prevailing in telecommunications (a cost function with
decreasing average costs).

With decreasing average line costs and country A’s line CDF to the left of country B’s, then at
any percentile the lines in A will be at a lower density than the lines in the corresponding
percentile in B. Because the lines in B are at a higher density, they, on average, will cost less.
Consequently, the average costs of A’s lines must be higher than B’s when taken across the
whole country.

The above is subject to the general proviso that all non-line density factors are held constant.
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Figure 3.1 Population density — cumulative distribution functions
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Note The darker line represents Australia’s cumulative distribution function (CDF). Each country’s CDF
represents the proportion of total population at or below a given population density.
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Figure 3.2 Population density — probability density functions
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Note The darker line represents Australia’s probability density function (PDF). Each country’s PDF represents
the concentration (or probability density) of population at that population density. The area under a PDF curve,
between two population densities, represents the proportion of population within that range.
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Figure 3.3 Population density — cumulative distribution functions
in low-density areas
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Note Australia is the darker line. Note the scale change in the chart comparing Australia to Alaska. Alaska has
12.8 per cent of its population in areas with a population density below one person per square kilometre.

Finland and Alaska also differ significantly from Australia. Both have a less
pronounced concentration of population in the 100 to 10 000 persons per square
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kilometre range and a relatively greater concentration in the 1 to 100 range.6 Alaska
is also dramatically different from the others, having 12.8 per cent of its population
in areas with densities of less than one person per square kilometre.

Low density comparisons

Australia has relatively more of its population in low-density areas than any of the
other countries or US States compared, Alaska excepted. See table 3.2 and
figure 3.3.

Table 3.2 Total population in low density areas
(per cent)

Population
density range
(persons per
square kilometre)

Australia New
Zealand

Finland California Alaska Oregon Washington

0 to 0.1 0.526 0.028 0.031 0.009 5.248 0.082 0.012
0.1 to 0.2 0.361 0.078 0.040 0.008 3.236 0.185 0.029
0.2 to 0.4 0.526 0.279 0.156 0.042 1.541 0.322 0.061
0.4 to 1.0 1.367 1.104 0.451 0.124 2.822 1.033 0.660

Total 2.781 1.489 0.677 0.184 12.847 1.622 0.761

A higher concentration of population at these low densities can also mean more
lines at low densities and higher average line costs.

3.2 Line distributions

The population density distributions presented in the previous section were used to
impute line density distributions.

A concordance function that provided the number of lines per person as a function
of population density was used to convert population densities to line densities. This
function was estimated using Australian data provided by Telstra. The numbers of
lines per person ranged from an average of 0.24 in areas below 0.01 persons per
square kilometre, to 0.76 persons per square kilometre in areas with more than
10 000 persons per square kilometre.7

                                             
6 Both are located at high latitudes and this is likely to influence the type and distribution of

economic activity and employment, and, hence, population.
7 See appendix B for a description of the data used and the estimation of the concordance

function.
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These initial line density estimates were then adjusted so they would be consistent
with each country or US State’s average lines per person.8 The country- and US
State-wide average lines per person are presented in table 3.3.

Table 3.3 Country- and US State-wide average lines per person

Country Lines per person US State Lines per person

Australia 0.5188 Alaska 0.6529
Finland 0.5490 California 0.6668
New Zealand 0.4992 Oregon 0.6236
US 0.6399 Washington 0.6245

Note Country-wide lines per person from World Telecommunications Development Report, Universal Access,
International Telecommunications Union, March 1998. US State-wide estimates of lines per person based on
US Census Bureau 1999 and US Federal Communications Commission 1999 — see appendix B.

Source: International Telecommunications Union 1998, US Census Bureau 1999, US Federal
Communications Commission 1999, Appendix B.

Broad comparisons

Over a large range of line densities, the estimated distribution of Australia’s lines is
very similar to the estimated distribution of lines in New Zealand, Washington and
Oregon. See figures 3.4 and 3.5 and table 3.4.

The most significant differences between the population density distributions and
the inferred line density distributions are the:

•  leftward shift of the distributions — due to the number of lines per person for
each country and US State being less than one; and

•  reduction in magnitude of differences between the distributions at low
densities — due to the concordance function adjustments which resulted in
relatively fewer lines per person, and hence smaller differences, at low
densities compared with higher densities.

The leftward shift also means that the density ranges for lines cannot be compared
directly with the population density ranges. For example, the population density
range for Australia of 0 to 1 person per square kilometre corresponds to line
densities between 0 and 0.6 lines per square kilometre. With each country and US
State having a different average of lines per person, the same population density
ranges are unlikely to correspond to the same line density ranges.

                                             
8 See chapter 2 and appendix B for a more detailed explanation of these adjustments.
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Figure 3.4 Line density — cumulative distribution functions
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Note The darker line represents Australia’s cumulative distribution function (CDF). Each country’s CDF
represents the proportion of total population at or below a given population density.
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Figure 3.5 Line density — probability density functions
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Note The darker line represents Australia’s probability density function (PDF). Each country’s PDF represents
the concentration (or probability density) of population at that population density. The area under a PDF curve,
between two population densities, represents the proportion of population within that range.
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Figure 3.6 Line density — cumulative distribution functions
in low-density areas
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Note The darker line represents Australia.

The leftward shift (of the line CDF from the population CDF) also means there are
proportionately more lines per square kilometre in areas with low line density.
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Table 3.4 Distribution of total lines
(per cent)

Line density
range
(lines per square
kilometre)

Australia New
Zealand

Finland California Alaska Oregon Washington

0 to 1 3.7 3.3 1.4 0.3 11.9 2.3 1.1
1 to 100 18.8 14.6 47.1 7.1 30.4 24.8 20.2
100 to 10 000 76.9 82.1 51.2 89.0 57.7 72.9 78.1
10 000 plus 0.5 0.0 0.3 3.5 0.0 0.0 0.7

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Australia’s imputed line density distribution (CDF) is always to the right of
California’s imputed line density CDF. For reasons outlined earlier, this means that
the estimated average line cost for Australia must be higher.9

The estimated line density distribution for Alaska differs dramatically from
Australia’s and from all the other countries and US States — although there are
some similarities with Finland over medium line density ranges.

Box 3.1 The actual distribution of line densities in Alaska

The estimates for Alaska, like the other countries and US States, are based on an
Australian concordance relationship between population densities and the average
number of lines per person. For Alaska, this relationship breaks down.

Using the Australian relationship, Alaska is estimated to have proportionately more
lines in low density areas than the others. Consequently, it is also estimated to have by
far the highest average line costs (see chapter 4).

In reality, Alaska has very few lines in lower density areas, and is estimated as having
the lowest State-wide average line costs of all US States (see Alger and Leung 1999,
appendix A.3 table 3.1). All of Alaska’s lines are contained in an area of 509 square
kilometres — only 0.01 per cent of Alaska’s area.

Alaska is unusual, in climate, in its small sparsely distributed population (600 000
which includes a relatively large indigenous population) and in having vast
underdeveloped and inhospitable regions. Given this anomaly, the average State-wide
cost estimates for Alaska are overstated.

This anomaly highlights the unreliability of population based estimates where a country
or State’s pattern of telephone penetration is atypical.

                                             
9 As long as a reasonable line density cost function is used to estimate the costs for both

countries (other factors held constant). See footnote 5.
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However, the estimates of Alaska’s line distribution do not accord with the actual
distribution of Alaska’s lines (see box 3.1). Consequently, these estimates (and later
cost estimates) should only be interpreted as estimates of what Alaska’s line
distribution (and average line costs) would be if Alaska followed the Australian line
density – population density pattern.

Bearing this in mind, the CDF and PDF estimates for Alaska and Finland suggest
both have a relatively greater concentration of lines in the 1 to 100 lines per square
kilometre range when compared with the others. In its estimated distribution,
Alaska retains this dramatic difference at low densities. The estimates are that
12 per cent of lines are located in areas with less than one line per square kilometre.

Low-density comparisons

Based on the estimates of line density distributions, Australia has relatively more of
its lines in low-density areas, particularly at very low densities, than any of the other
countries or US States, Alaska excepted.10 See table 3.5 and figure 3.6.

Table 3.5 Distribution of total lines in low density areas
(per cent)

Line density
range
(persons per
square kilometre)

Australia New
Zealand

Finland California Alaska Oregon Washington

0 to 0.1 0.697 0.134 0.058 0.013 6.239 0.225 0.034
0.1 to 0.2 0.553 0.221 0.141 0.030 1.519 0.224 0.048
0.2 to 0.4 0.847 0.767 0.279 0.057 1.963 0.606 0.351
0.4 to 1.0 1.642 2.158 0.941 0.244 2.217 1.202 0.676

Total 3.739 3.280 1.418 0.343 11.938 2.257 1.109

The relatively greater proportion of lines at these very low densities suggests that
Australia should have a higher country-wide average line cost than those countries
or US States it is otherwise similar to — New Zealand, Washington and Oregon —
if all other factors which might affect costs are held constant.

In contrast, Finland has proportionately many more lines in medium line density
areas. This may be expected to offset the higher costs of the additional lines
Australia has at the lowest densities to some extent.11

                                             
10 And, as already noted, the line distribution estimates for Alaska are quite inaccurate; they

grossly exaggerate the existence of lines at lower densities.
11 The extent to which Finland’s proportionately greater number of lines in medium density areas

offsets the greater concentration of lines at low densities in Australia will depend on the shape
of the cost function used.
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4 Line cost estimates

Estimates of differences in line costs (between three countries and four US States)
are presented in this chapter. These differences are solely attributable to differences
in the way their populations, and hence lines, are distributed.

Line density distributions presented in chapter 3 and cost schedules described below
were used in the estimation process. Estimates obtained using other related cost
schedules can be found in appendix C.

4.1 Estimates of relative line costs

As outlined in chapter 2 and appendix B, average country- or US State-wide line
costs were estimated as a weighted average cost. The weights used were the
proportion of lines in a line density category and the costs used were the average
line cost associated with that category.

Details of the cost schedules used to estimate average line costs are presented in
table 4.1. Their use should not be interpreted as endorsement of being more
representative of Australian or US cost conditions than the other cost schedules
constructed and used in the study. They are indicative only. The two cost schedules
presented in table 4.1 were chosen from a larger set examined (five BCPM and five
HAI adjusted schedules) simply because they represent the median cases.1

These adjusted cost schedules are designated as BCPM (Telstra 1) and
HAI (Telstra 1). The ‘Telstra 1’ signifies that the original BCPM or HAI schedule
was modified using regression results obtained from cost data provided by Telstra
using method 1 (see appendix B).2

                                             
1 Indeed, the shape of line density cost functions is likely to vary between countries, due to a

variety of local influences not accounted for in the simplified cost function. For example, as
discussed later, although some of the other adjusted schedules may be more consistent with US
conditions, it may be argued that the HAI ACA 1 adjusted schedule may be more representative
of Australian conditions.

The cost schedules comprise estimates of average line cost by line density category based on
results from the BCPM and HAI engineering cost models (see chapter 2).

2 Two different methods were used to adjust the original schedules.
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As noted in chapter 2, the density categories are based on imperial units because the
BCPM and HAI schedules are from the US.

Table 4.1 BCPM and HAI adjusted cost schedules
($US per month per line)

Density categories BCPM (Telstra 1) HAI (Telstra 1)

(lines per square mile) (lines per square kilometre)

0 to 0.39 0 to 0.1 372.99 300.29
0.39 to 5 0.1 to 1.93 158.90 127.93
5 to 100 1.93 to 38.58 63.41 40.61
100 to 200 38.58 to 77.16 39.30 22.37
200 to 650 77.16 to 250.76 33.23 17.44
650 to 850 250.76 to 327.92 31.50 14.44
850 to 2550 327.92 to 983.76 28.56 12.01
2550 to 5000 983.76 to 1928.94 26.91 10.03
5000 to 10 000 1928.94 to 3857.88 23.80 9.15
10 000 and above 3857.88 and above 20.66 6.37

Note The last eight rows of the schedules are the original BCPM and HAI schedules provided by Telstra. The
first two rows are estimates based on Telstra data that have been used to replace cost estimates for the
0 to 5 lines per square mile range in the original schedules.

Source: BCPM and HAI schedules provided by Telstra. Author’s adjustments based on Telstra provided data.

The most notable difference between the two schedules is their general shape. There
are proportionately greater cost differences within the HAI (adjusted) schedule
between the highest and lowest density categories.

Another difference is that the BCPM cost estimates are always higher than the HAI
estimates. This difference, as noted in chapter 2, is possibly explained by the origins
of the models. Each was developed for use in US regulatory hearings on access
charges — the BCPM funded by incumbents, the HAI by entrants.3

Estimates of the proportions of lines in each of these cost schedule categories are
presented in table 4.2. The estimates were constructed from the line density
distributions reported in chapter 3.

Country- and State-wide average line cost index estimates were calculated using the
two cost schedules in table 4.1 and the line density distributions in table 4.2. The
costs were estimated as weighted averages using equation 2.1, chapter 2. All factors
that might affect costs, other than line density, were held constant in deriving these
estimates. The results are presented in table 4.3.

                                             
3 What is surprising, however, is the magnitude of the difference in cost estimates between the

competing models (given that both models were attempting to estimate costs for the same
US States).
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Table 4.2 Distributions of line density by cost schedule category
(per cent)

Country or State

Cost schedule
categories
(lines per square
kilometre)

Australia New
Zealand

Finland California Alaska Oregon Washington

0 to 0.1 0.70 0.13 0.06 0.01 6.24 0.22 0.03
0.1 to 0.2 0.55 0.22 0.14 0.03 1.52 0.22 0.05
0.1 to 1.93 3.92 5.07 4.09 0.62 7.03 3.07 2.04
1.93 to 38.58 12.20 9.22 35.00 4.08 19.20 17.49 10.77
38.58 to 77.16 2.81 2.40 6.51 1.90 4.79 4.06 6.06
77.16 to 250.76 10.40 8.71 11.18 5.33 14.26 11.42 12.20
250.76 to 327.92 4.26 3.32 3.88 2.25 2.62 3.14 3.92
327.92 to 983.76 27.80 30.26 19.64 14.68 16.08 26.78 28.13
983.76 to 1928.94 25.97 35.78 9.61 22.81 19.83 23.42 25.36
1928.94 to 3857.88 7.62 4.85 7.35 26.31 7.42 8.73 9.36
3857.88 and above 3.76 0.04 2.54 21.97 1.01 1.44 2.08

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Note The line density distributions were estimated from each country’s population census data. Population
densities were converted to line densities based on a line–population density relationship estimated from
Australian data (Telstra’s Exchange Service Area data). Comprehensive detail on the method of estimating
the line density distributions is provided in appendix B.

Table 4.3 Indexes of country- and State-wide average line costs
Australia normalised to 100

Index of average line costCountry or
State

Average country- or
State-wide line density

(lines per square kilometre) BCPM (Telstra 1) HAI (Telstra 1)

Alaska 0.3 167 203
Finland 9.1 115 123
Australia 1.2 100 100
Oregon 8.1 98 96
New Zealand 6.5 96 93
Washington 20.3 87 80
California 53.2 69 53

Note The method of estimating country- and US State-wide average line costs is described in appendix B.
The same cost relationship (cost per line as a function of lines per square kilometre) was used for each
country in order to isolate the impact of different population distributions. The BCPM and HAI based cost
schedules were adjusted using Telstra cost data to improve cost estimates over the range 0 to 1.93 lines per
square kilometre. All factors that might affect costs, other than line density, held constant.

These indexes of average line costs suggest that Australia has a cost disadvantage
sourced in its population, and hence line distribution when compared with New
Zealand, Washington, Oregon and California. The source of the cost disadvantage is
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Australia’s relatively larger proportion of its population and lines in low-density
areas.4

That is, Australia has relatively more of its population in very low-density areas
than all the other countries and US States included in the study, except for Alaska.

Alaska has the highest estimated costs because a relatively large proportion of its
population is located in both medium- and low-density areas. This, in turn, meant
that a very large proportion of its lines were estimated as being in medium- and
low-density areas. However, Alaska has few lines located in low population density
areas (see box 3.1).5 Consequently, the following estimates for Alaska are estimates
of what average line costs would be if Alaska had a line–population distribution
pattern similar to Australia.

Finland appears to have higher costs (based on line density alone) because a larger
proportion of its population is in medium density areas. In this way it has some
similarities to Alaska — although these similarities are more apparent when the two
distributions are compared visually (see chapter 3, figures 3.1 and 3.2).

Finland was identified as being one of two countries with the lowest
telecommunications prices in two recent international benchmarking studies
(PC 1999a,b).6 A finding in this study that average line costs in Finland are likely to
be higher than those in Australia, suggests that lower Finnish prices cannot be
attributed to differences in population distribution.

Comparing all the countries and US States together, most of the estimated
differences in average line cost could be sourced to differences in the proportion of
lines in low-density areas (see tables 4.4 and 4.5). This is evidenced by a correlation
between the per cent of lines within this density range and the ‘overall’ average line
cost, using the BCPM or HAI adjusted schedules, of 0.96.7

                                             
4 Nevertheless, it should be noted that there are other factors which may differ between them (see

box 1.1). These other factors are not accounted for in this study, and they could offset or
reinforce this disadvantage in particular cases.

5 As discussed in chapter 3, even though Alaska’s population is widely dispersed, the total area
served by lines is only 509 square kilometres. This means that Alaska has few, if any, lines in
low-density areas. In fact, HAI estimates based on actual line data suggests that Alaska is the
US State with the lowest average line costs.

6 The other country with low telecommunications prices was Sweden.
7 This is equivalent to an R-squared of 0.92 or an adjusted R-squared of 0.91.



LINE COST
ESTIMATES

29

Table 4.4 Indexes of line costs using the adjusted BCPM cost schedule
Low density — 0 to 1.93 lines per square kilometre

Index of average line costCountry or
State

Per cent of
 lines in

low density areas Low density
areasa

Remaining
areasb

Overall

Finland 4.29 396 103 115
Australia 5.17 459 80 100
Oregon 3.52 422 86 98
New Zealand 5.43 402 78 96
Washington 2.12 397 80 87
California 0.66 399 66 69

Note The method of estimating country- and US State-wide average line costs is described in appendix B.
The same cost relationship (cost per line as a function of lines per square kilometre) was used for each
country in order to isolate the impact of different population distributions. The BCPM based cost schedule was
adjusted using Telstra cost data to improve cost estimates over the range 0 to 1.93 lines per square kilometre.
All factors that might affect costs, other than line density, held constant. a Low-density areas are those with
line densities between 0 and 1.93 lines per square kilometre (0 and 5 lines per square mile). b Remaining
areas are those with more than 1.93 lines per square kilometre.

Table 4.5 Relative line costs using the adjusted HAI cost schedule
Low density — 0 to 1.93 lines per square kilometre

Index of average line costCountry or State Per cent of
 lines in

low density areas Low density
areasa

Remaining
areasb

Overall

Finland 4.29 574 103 123
Australia 5.17 666 69 100
Oregon 3.52 612 77 96
New Zealand 5.43 582 65 93
Washington 2.12 576 69 80
California 0.66 578 50 53

Note The method of estimating country- and US State-wide average line costs is outlined in appendix B. The
same cost relationship (cost per line as a function of lines per square kilometre) was used for each country in
order to isolate the impact of different population distributions. The HAI based cost schedule was adjusted
using Telstra cost data to improve cost estimates over the range 0 to 1.93 lines per square kilometre. All
factors that might affect costs, other than line density, held constant. a Low-density areas are those with line
densities between 0 and 1.93 lines per square kilometre (0 and 5 lines per square mile). b Remaining areas
are those with more than 1.93 lines per square kilometre.

Based on the estimates obtained using the BCPM Telstra 1 cost schedule, the share
of Australia’s line costs in very low density areas (0 to 1.93 lines per square
kilometre) is 24 per cent of total country-wide line costs, despite these areas having
only about 5 per cent of the total number of lines. This compares with a 10 per cent
cost share for these very low-density areas in Washington State and 4 per cent for
the same areas in California (see table C.17).
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With the adjusted HAI Telstra 1 cost schedule, the share of Australia’s line costs in
very low density areas (0 to 1.93 lines per square kilometre) is estimated as 34 per
cent of country-wide line costs which compares with 15 per cent for Washington
State and 7 per cent for California (see table C.18).

4.2 Some qualifications

To some extent, the study’s results are sensitive to the way the:

•  cost schedules were constructed;

•  population density distributions adjusted; and

•  line density distributions estimated.

Moreover, it is important to emphasise that this study estimates cost differences
solely attributable to differences in the way that populations, and hence lines, are
distributed. Other factors that might affect costs are held constant.

Cost schedules

The same cost schedule was used to estimate costs for each country and US State.
In effect, this ignores cost differences related to geography, climate and input costs.
Consequently, cost relativities (between and within countries) would be different
when the many factors additional to population distribution are taken into account.

ACA cost data suggests that the cost relativities between high-and low-density areas
in Australia may be more pronounced than the relativities reflected in the US cost
schedules. Hence, the use of US cost schedules, may, to some extent, have tended to
disadvantage Australia in the comparisons.

Australia may have higher costs associated with the ‘remoteness’ of some lower
density areas. Remoteness loosely describes the distance an area is from developed
areas, in particular, major population centres. Providing services away from
developed areas usually increases the cost of labour, transport and materials.8

Remoteness — potentially an important driver of many Australian infrastructure
costs — is not readily captured by measuring (population or) line density. Low
density areas in Australia would tend to be more remote than similar low-density

                                             
8 Remoteness is likely to increase the resource requirements of telecommunication service

provision, because materials need to be moved greater distances to a remote area. Labour may
be more expensive as well, because higher wages may be required to compensate for isolation.
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areas in the other countries and US States being compared (Alaska excluded).
Consequently, Australian line costs in these areas are likely to be higher (or at least
would be if all other factors were held equal).

If ‘remoteness’ is not adequately reflected in the original US cost schedules, then
the modified schedules designated ‘ACA 1’ in appendix C may be more reflective
of Australia’s cost structure. For this schedule a larger number of low-density cost
categories of the US schedules were replaced with cost relativities based on
Australian conditions.

In the ACA 1 modified schedules, the costs at low densities are 15 to 150 per cent
higher than the original HAI and BCPM average line cost estimates.

That said, there could be climatic or other factors increasing line costs in the other
countries or US States — for example, the cold climate in Finland and Alaska.

Population distribution adjustments

The average line cost estimates were based on line density distribution estimates,
which were based on estimated population density distributions. As identified in
chapter 2, estimates of population density distributions are highly dependent on the
level of aggregation used.

An attempt was made to adjust the distribution estimates so that the population
density distributions from different countries could be compared.

Broadly, the population density distribution adjustment is sensitive, to some known
and unknown extent, to the robustness of the adjustment method that was used.
However, this problem was identified and addressed in chapter 2 and appendix B —
thereby improving on previous studies.

Line density distribution estimation

The line density distributions were not estimated directly but were, instead, inferred
from population density distributions based on the Australian relationship between
population densities and line densities (with further adjustment to maintain country-
or State-wide averages).

This approach may be reasonable for countries that are similarly developed and not
otherwise too dissimilar in climate or geography. For these countries, line density
distributions probably follow population density distributions in broadly similar
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ways.9 However, care would have to be exercised if this is not thought to be the
case.

4.3 Robustness of the results

One measure of robustness is that changes to assumptions, in this case, the shape of
the cost schedule, do not change the average cost rankings of the countries and US
States examined.

Country rankings did not change, significantly, when different cost functions were
used (see appendix C). The only changes in rank order were between Oregon and
New Zealand. However, the average line cost estimates for the two countries were
very close together and their rank order only changed places six times with twenty
different sets of cost estimates.10

Significant variation in the magnitude of relative cost differences was apparent. The
HAI based cost schedule produces significantly larger estimates of cost differences
between countries. This is because of the larger proportionate cost differences
between low and high-density categories in the HAI based schedule. This tends to
increase the relative cost differences.

The failure of this study to produce good estimates for Alaska can be attributed to
the inaccurate estimates of its line density distribution.

4.4 Further research

In this paper, a method for estimating the differences in line costs attributable to
differences in population and hence line distributions was developed and applied to
a small number of countries and US States.

The method is attractive because it is relatively easy to implement with readily
available census data and may be modified so it can be applied to wire-centre (line)
data.11

                                             
9 Clearly, Alaska does not fit this category.
10 Ten different cost schedules were used, and two different methods of adjusting population

distributions to line distributions were tried (twenty sets of results in all).
11 Applying the method to wire-centre data would simply require the use of cost schedules based

on average line estimates provided by wire-centre.
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The study examines only the cost differences attributable to differences in line
density. Further research might usefully involve the inclusion of more variables and
applying the approach to more US States and other developed countries.

The approach might also be modified so it can be applied to provide cost estimates
for other infrastructure industries that display significant economies of density —
for example, electricity distribution.
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A Recent studies

The issue of the impact of cross-country differences in population density on
international price comparisons has been addressed in two recent studies —
Ovum (1998) and Alger and Leung (1999).

The Ovum study was undertaken to assist the Australian Competition and
Consumer Commission (ACCC) in making its recent telecommunications access
determinations. The Alger and Leung (1999) study is the only study found that was
singularly devoted to the issue. This study was a significant advance on previous
work having used more detailed data for inferring line distributions and estimating
costs.

Other studies have tended to use less detailed data and, for the most part, have
simply addressed the issue in passing as part of studies on wider issues (see,
for example, Ergas, Ralph and Sivakumar 1990, Ovum 1998, NECG 1999).1

A.1 Ovum 1998 — An assessment of Telstra’s access
undertakings

The ACCC commissioned the Ovum study to assist it in determining whether to
accept or reject three access undertakings lodged by Telstra. The study was to
provide a comparative assessment of various elements of Telstra’s undertakings
against prevailing charges for equivalent elements (and conditions) found overseas.

The impact of differences in line density on access costs was addressed, in passing,
as part of Ovum’s assessment of the validity and robustness of their comparisons of

                                             
1 Ergas, Ralph and Sivakumar (1990) suggested that Australia did not have a cost disadvantage

sourced in its population distribution. They claimed that the population density in the inhabited
parts of Australia (where there is at least one inhabitant per 8 sq km) was not significantly
lower than that in the inhabited parts of Canada and the US. They also suggested that the
distribution of subscriber loop lengths in the Australian network is not very different to that in
the US.

In contrast, NECG (1999) suggest that Australia has a cost disadvantage. They support their
claim with a simple ten-country comparison of country-wide average line densities.
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undertakings — that is, to assess whether overseas access charges would require
adjustment to be relevant benchmarks for Australian conditions.

Approach

Ovum conducted two separate statistical analyses to assess the impact of different
population densities on average costs. The analyses assessed the influence on
average line costs of country-wide measures of, first, the degree of urbanisation and,
second, average line density.

Ovum concluded that between 40 to 62 per cent of the variation in costs and charges
among the US States and European countries examined could be explained by
variation in their broad measure of urbanisation (the proportion of the population in
towns and cities). Cost data for US States generated by the HAI model and data on
access charges in European countries was used.

For the European countries, Ovum found a correlation between access charges and
urbanisation of –0.79. However, a weaker correlation (–0.31) was found between
access charges and broad measures of average line density.2

Results

Relative to the UK and US, Australia was identified as having a very low country-
wide line density but also being highly urbanised. Ovum intended to use the results
of their analysis to make adjustments, if required, to their comparisons of UK, US
and Australian access charges. However, the results proved inconclusive:

We can not tell which has the greater effect [urbanisation or average line density]
because the statistical evidence is not robust enough and, in any case, Australia falls so
far outside the European/US range on access line density that there’s no way to
translate our analysis between the two domains.

We believe it would be unadvisable to try to adapt the main benchmark model on the
basis of the Australian condition analysis … because the uncertainties introduced are
likely to undermine rather than strengthen the base case (Ovum 1998 p.29).

                                             
2 It is worth noting that correlation coefficients of –0.79 and –0.31 are equivalent to R-squareds

of 0.62 and 0.10 respectively.
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A.2 Alger and Leung 1999 — The relative costs of
telephony across five countries

Alger and Leung’s main objective was to estimate the relative differences in
telephony costs (the basic local service) that could be attributed solely to cross-
country differences in the distributions of line densities.3 The five countries
compared were Australia, New Zealand, Sweden, the United Kingdom and the
United States.

Approach

Alger and Leung used a similar approach to the current study. Average line costs for
each country were estimated based on estimates of line density distributions and
average line costs associated with particular average line densities.

Relatively dissagregated census data from each country was used. Countries were
divided into between 41 to 437 separate areas and the population density of each
area was calculated (its population count divided by its area in square miles).4 The
numbers of areas used and the median population count of each country’s areas is
provided in table A.1.5

Table A.1 Alger and Leung 1999 — description of data

Country Number of census areas Median population count

Sweden 288 15 695
Australia 274 42 056
New Zealand 41 45 785
United Kingdom 437 108 000

Source:  Data provided by Dan Alger.

Line densities for each area were estimated using the country-wide average lines per
person to convert each area’s population density to a line density.

                                             
3 Alger and Leung focused on line density as a fundamental source of unavoidable cost

differences between countries — which they identified as the most important determinant of
costs minimally affected by differences in regulatory regimes. Assessment of the size of
unavoidable cost differences, between countries, they identified as being helpful when gauging
the extent to which differences in telecommunication prices may reflect differences in
performance.

4 For some rural areas adjustments were made to eliminate uninhabited areas. The relative sizes
of the inhabited and uninhabited areas were estimated using the ratio of inhabited to
uninhabited area for areas with similar density in the US (Alger and Leung 1999, p. 40).

5 Dan Alger kindly provided the author with the raw data used in the study.
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Average line costs for each area were estimated in three different ways, namely as
being equal to the:

•  average line cost of the US State with the closest line density;

•  average of the line costs of the two US States with closest densities; and

•  expected line cost for that density as provided by a regression model.

The average line cost for each country was then estimated as a weighted average
cost with the weights being the proportions of lines in each area.

The average line cost estimates for each US State used to estimate the regression
model were obtained from the HAI model.6 State-wide average line densities were
calculated by dividing the total number of lines by the total area covered by wire
centres in that State.7

The regressions used HAI estimates for 20 351 US wire centres. These estimates of
average line cost for each wire centre were regressed on the wire centre’s line
density. In total, three regression models were estimated (see table A.2). The cubic
regression model chosen as being ‘best fitting’ is in the last column of table A.2.8

Results

Cost estimates for each country (based on the three approaches to estimating the
line costs) are presented in tables A.3 and A.4.9

Alger and Leung also assessed the accuracy of their cross-country comparisons by
applying their estimation procedures to each US State and comparing these results
with State-wide average line costs as estimated by the HAI model.

                                             
6 The HAI model is an engineering model that has been used in US regulatory hearings to

estimate the minimum cost of providing basic local service to customers in a variety of
different situations.

7 In all cases, the area covered by wire centres was significantly smaller than the total area of the
State. Hence, adjustments were made to account for the uninhabited areas.

8 In the model the logarithm of average cost is a cubic function of the logarithm of a wire centre
line density. The chosen equation was estimated by Feasible Generalised Least Squares using
White’s procedure to adjust for heteroscedasticity.

9 For comparative purposes, Alger and Leung also calculated average costs using the country-
wide average line density as well as results based on relatively disaggregated census data.
These results are not reproduced here.
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Table A.2 Alger and Leung 1999 — regression results
Coefficients and (t-statistics)

Quadratic model Cubic model(s)

Variable OLS OLS FGLS

Constant 5.9205
(660.89)

6.2530
(527.04)

6.2526
(20390.55)

Log line density -0.8288
(-195.58)

-1.1216
(-135.96)

-1.1214
(-4894.10)

(Log line density) squared 0.0431
(100.31)

0.1125
(64.17)

0.1124
(2063.77)

(Log line density) cubed – -0.0046
(-40.75)

-0.0046
(-1141.32)

Adjusted R Squared 0.8835 0.8923 0.8792

Note The dependent variable was the natural logarithm of the average line cost for the wire centre (as
estimated by the HAI model). Density was measured as lines per square mile (not per square kilometre) for
the area of the wire centre. FGLS — feasible generalised least squares.

Source: Alger and Leung 1999, Appendix A2, Table 2.1

Using the average line costs calculated by the first method and overall State line
densities, Alger and Leung found that their cost estimates for 22 States were within
10 per cent of the HAI direct estimates, 43 States within 20 per cent and 46 within
30 per cent. Using costs calculated by the second method (and overall State line
densities), they again found their estimates for 22 States within 10 per cent of HAI
values, 39 within 20 per cent and 47 States within 30 per cent.

Table A.3 Alger and Leung 1999 — average line cost estimates
Total monthly cost in US dollars

Country

Closest density
US State’s

average line cost

Average of the two
closest US State’s
average line costs

Cubic regression
model

Australia $16.76 $16.38 $652.63a

New Zealand $17.58 $17.17 $17.58a

Sweden $18.71 $18.42 $25.32a

United Kingdom $11.96 $11.60 $11.49a

United States $14.70 $14.92 $18.19a

a This surprisingly high estimate for Australia is because the cubic cost function used implies a negative
marginal cost at low densities. Note that this implausibly high estimate is the only one that is larger than the
corresponding estimate based on the whole country. It can be shown that if a cost function has everywhere
diminishing marginal costs then estimates will tend to increase when more aggregated data is used.

Source: Alger and Leung (1999), Table 5, p.41.



40 TELECOMMUNICATION
COSTS

For the first two methods of estimating costs, Alger and Leung used the (HAI
estimates of) average line cost for the State with the next closest density (rather than
the closest).10

Table A.4 Alger and Leung 1999 — relative cost estimates

Country

Closest density
US State’s

average line cost

Average of the two
closest US State’s
average line costs

Cubic regression
model

Australia 100.00 100.00 100.00

New Zealand 104.89 104.82 2.69

Sweden 111.63 112.45 3.88

United Kingdom 71.36 70.82 1.76

United States 87.71 91.09 2.79

Note Australian costs have been normalised to 100.

Source: Based on Alger and Leung (1999), Table 5, p.41.

The regression based cost function did not perform well at all. Only 8 States were
within 10 per cent of HAI values, with 23 within 20 per cent and 40 within 30 per
cent. The regression results also appeared to have an upward bias, with 47
overestimates and 3 underestimates of the HAI values.11

A.3 Comment

Ovum’s study results, as they acknowledge, are not robust. They used highly
aggregated data — and for some of the analysis, country-wide average costs.
Considerable detail and differences between countries and regions is lost when
highly aggregated data is used and this probably explains the poor results.

Alger and Leung used reasonably disaggregated data.12 However, although it was a
significant improvement over previous studies, it did not identify or address the
issues related to the level of data aggregation used. This omission is likely to have
                                             
10 The closest in density to each State, of course, would be itself, and this would have resulted in a

perfect ‘fit’.
11 The upward bias would have been the result of the estimated equation, which was based on

wire centre data, being used to estimate average costs using average line densities from much
higher levels of aggregation (that is, US State-wide averages). It can be shown that, for a cost
function with everywhere diminishing marginal cost, this will tend to bias cost estimates
upwards.

12 Although, the data used was not as disaggregated as the data used in this study.
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compromised the accuracy of their comparisons. As the current study illustrates,
these aggregation issues and they way they are addressed can have a substantial
influence on the results obtained.




