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Abstract

The Australian governments’ recent investment in broadband infrastructure, the

Nation Broadband Network (NBN), is examined in three main chapters. The first

paper (Chapter 2) asks if the public investment was an outcome of regulatory fail-

ure. Existing research finds mixed outcomes from access price regulation which is

predicated on a ladder of investment. This chapter adds empirical evidence that

such regulation is ineffective in the short run and damaging to investment in the

long run. Chapter 3 uses industrial organisation theory to consider the welfare dis-

tribution effects of access prices charged by a monopoly network when downstream

competition is imperfect and public funding has a shadow cost. Subsidies have

previously been suggested to counteract incentives to act monopolistically; I find

the stable welfare maximising subsidy is often zero, but is never a positive price,

when publicly funded. These findings are contrasted with actual NBN access pric-

ing policy. Chapter 4 analyses the effect on retail product offerings of a monopoly

network setting a quality surcharge. I derive conditions for encouraging high, low

or mixed quality by setting the surcharge appropriately. An equilibrium offering of

only high quality products is stable for the network and for a retail duopoly across

a broad range of market parameters. This outcome predicted by theory is verified

against the recent history of the NBN. Results will be useful in informing regulatory

policy and business strategy in telecommunications and in other markets featuring

regulated monopolies.
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Chapter 1

Introduction

In 2009 the Australian Government began an investment of over 35 billion dollars

- approximately equal to 10% of annual recurrent Government expenditure - in

upgrading the national broadband network (Department of Finance 2019). The ex-

isting telecommunications network had been progressively privatised in the previous

two decades, but the National Broadband Network (NBN) project effectively re-

nationalised private assets. This thesis presents three related papers examining the

circumstances leading to the establishment of the NBN as a public investment, and

analyses some regulatory and governance problems resulting from this deliberate

restoration of a publicly owned monopoly.

The nationalisation of the broadband network reversed bipartisan Government

policy of the preceding two decades. Earlier policy had preferred the introduction

of regulated competition in the provision of private goods over the preservation of

scale economies within publicly owned monopolies, in sectors including telecom-

munications. Abbott and Cohen (2014) list 54 federal agencies sold and publicly

floated between 1990 and 2007. Privatisation halted abruptly in 2008, coinciding

with a change in government. The election winning party had campaigned on a

policy to invest public funds in an upgrade of the telecommunications network. Tel-

stra, owner of the privatised legacy network, had recently proposed an equivalent

upgrade, replacing legacy copper lines with optic fibre to increase network capacity.

But Telstra was unable to agree with the Australian competition regulator on terms

9



10 Introduction

allowing competitors access to an upgraded network. A consortium of Telstra’s com-

petitors likewise could not secure regulatory arrangements sufficient to support the

investment.

The Australian Government’s investment was proposed as an incentive to break

the deadlock between capital investors and the competition regulator. However

the Government could not find private investors with the capacity and confidence

to partner in the investment. Telstra’s ownership of certain assets, prohibitively

expensive to replicate, made any proposal excluding Telstra unlikely to succeed.

The Government’s eventual solution was to purchase the assets from Telstra (Telstra

2014), incorporating them in the Government’s own newly constructed and upgraded

fibre network. Construction used wholly Government funding, and the upgraded

network was entirely Government owned.

This nationalisation was an anomaly in recent history, in Australia and other

developed economies. State ownership here was not the outcome of a gradual ex-

pansion of a public utility, as the Government owned network was prior to privatisa-

tion. State control was not imposed in response to a national emergency or security

threat, as might happen in wartime. Nor was it part of any broader program of

socialism following revolution or election of a socialist government. It did not reflect

an ideological preference for public ownership - from the start, the policy was to

re-privatise the NBN following the completion of construction (Commonwealth of

Australia 2010b). The Government was not stepping in to preserve vital services

from a financially failing enterprise - the regulator had repeatedly concluded the

private owner was making unfair profits from its monopoly.

This nationalisation of the Australian broadband network was essentially a reg-

ulatory device, born out of the failure of previous policy and institutions to find a

balance between rewarding investment and securing public value. But the policy has

internal contradictions and tensions: a monopoly is established to enhance competi-

tion; scarce public funds are invested with an expectation of attractive commercial

returns; the NBN is to maximise high quality access for consumers while minimising
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costs to taxpayers. The circumstances leading to the NBN’s anomalous establish-

ment, and some of the problems resulting from its mixed motives, are discussed in

three main chapters which ask: how effective was the regulatory approach prior to

the NBN; what new regulatory problems arose with the NBN; and what are efficient

solutions to those new problems?

Following this Introduction, the second chapter examines the environment and

conditions in which the NBN was established, examining the relationship between

the condition of Australian pre-NBN broadband services and Australia’s history

of broadband regulation. It briefly surveys the history of the industry in terms

of government action and firms’ responses. It reviews research on the effects of

regulation and industry concentration internationally, which indicates the effects of

widely used policies are often small or undetectable. The chapter uses these findings

to build models of national broadband prices, penetration and quality. I verify the

models using recent statistics from developed economies, confirming outcomes are

little affected by access regulation, and are also not affected by market concentration.

Penetration and quality are strongly affected by technology factors. The models and

the regulatory history are used to explain the condition of Australian broadband

services post-privatisation. There is some evidence that the Australian market was

less efficient than international peers. Regulation may have done consumers more

harm, in discouraging investment, than good in mitigating monopoly power.

The third chapter analyses a dilemma for the NBN, being a public investment

with a policy of eventual privatisation. Vertical separation and imperfect compe-

tition together can make broadband communications networks, and other infras-

tructure monopolies, complicated to regulate. The chapter models a structurally-

separated network as an infrastructure monopoly serving a retail oligopoly, which

supplies broadband access to price-taking households. I show the socially optimal

price the monopoly can charge retailers for access may be negative or zero, depend-

ing on the shadow cost of public funds and the size of the retail oligopoly. This

chapter then considers the distribution of costs and benefits when a nonoptimal
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price is charged. I use the model to compare existing and alternative access pricing

policies applied to the Australian NBN. Current policy prioritises NBN Co profits,

and hence eventual public income from privatisation, over welfare maximisation.

In the fourth chapter I consider future NBN regulation, and how the network’s

public or private status affects it. I analyse firms’ strategic actions in a retail duopoly

where products are differentiated as high quality or low quality. I assess retailers’

choice of products based on consumer demand and retailers’ cost of quality. A

private upstream monopolist anticipates retailers’ strategies and sets a surcharge

on quality accordingly. Alternatively, a welfare maximising regulator sets the sur-

charge. The model reflects the NBN, which holds a monopoly on supplying fixed

broadband connections to most Australian homes, but delivers services through an

oligopoly of retailers. NBN pricing balances its obligations to provide affordable

broadband internet access against delivering a commercial return on the public in-

vestment. Recent changes to the pricing structure and to regulatory action preceded

significant changes to retailers’ product pricing, which are used to test the model

developed here. Regulated and unregulated markets choose similar products, which

are of uniformly high quality across a broad range of descriptive parameters. The

NBN’s profit-making and welfare-increasing objectives are therefore not opposed in

selecting a quality surcharge. This discussion will benefit policy makers and business

managers in mixed markets combining monopolistic and oligopolistic features.

The fifth chapter concludes with broad reflections on the NBN project and on

lessons applicable to future policy makers. The relevance extends beyond telecom-

munications policy, to other markets where monopoly power exists in a vertical

supply chain, but cannot be analysed as double marginalisation because one mo-

nopolist has objectives other than, or additional to, profit maximisation. Regulatory

economics has often considered profit-maximising firms, but governments, coopera-

tives and not-for-profit organisations may have other or broader classes of welfare

to consider.



Chapter 2

Regulation before the NBN

2.1 Introduction

Australian regulation of fixed broadband networks was broadly consistent with other

developed economies until 2009, when NBN Co was established as a government-

owned monopoly. Australian consumers are currently less satisfied with Internet

services than with mobile phone or fixed line telephone services, and are particularly

dissatisfied with Internet data speeds, service costs and the speed of fault repairs

ACMA (2017, pp. 60-61). Successive government policies are regularly criticised

as contributing to poor Australian outcomes, but how much impact does policy

actually have, compared to the impact of other economic and demographic factors?

This chapter explores this question through an international comparison. It

reviews Australian policy across the era of broadband Internet, and then reviews

research about the impact of such regulation internationally. Models of broadband

pricing, penetration and quality are formed by applying this research to recent data

from developed economies. These models are used to explore Australian broadband

outcomes, and to trace the effects of regulatory policies and decisions. Implications

for future broadband policy are also discussed.

13



14 Regulation before the NBN

2.2 History of Australian broadband regulation

Ownership separation, competition and intermediate compromises have been fea-

tures of Australia’s telecommunications regulatory policy for decades. Ownership

separation refers to detaching the ownership of monopoly infrastructure from the

ownership of firms using that infrastructure to deliver services (Baldwin, M. Cave,

and Lodge 2012, p. 467). Ownership separation, referred to as structural separation,

is the solution currently adopted in Australia (Commonwealth of Australia 1997).

It was adopted after long experimentation with other remedies for market failure,

including competition and functional separation.

In the late twentieth century, competition, initially in long distance and interna-

tional calls, was preferred to monopoly regulation of Australian telecommunications.

Such competition would “encourage the expansion of Australia’s telecommunications

infrastructure and industry” (N. Brown 1990). Enabling this competition initially

required regulated access to Telecom Australia’s (later Telstra’s) local network, and

AUSTEL was established as an industry regulator (Commonwealth of Australia

1991). Beginning in 1997, the need for public oversight increased as Telstra was

privatised in three stages (Commonwealth of Australia 1996). Over time, com-

petition in telephony expanded to include infrastructure, when Optus and Telstra

constructed rival hybrid fibre coaxial (HFC) networks, carrying pay TV alongside

telephone calls. And as networks were expanding, new applications were emerging,

notably the Internet (Richardson 1997).

Internet access, especially email and the World Wide Web, emerged as a signifi-

cant third use for telecommunications networks in the 1990s. Dialup Internet proto-

col (IP) services could be delivered to households over the existing (copper or HFC)

networks, with new equipment required only on the customers’ and the Internet ser-

vice providers’ (ISP) premises. Dialup Internet services had limited bandwidth and

could not be used concurrently with telephone calls. HFC networks offered superior

Internet access and enabled the ”triple play” of telephone, pay TV and Internet

services to utilize and repay the investment in HFC infrastructure. But accessibility
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Figure 2.1: Fixed broadband growth in the Australian market. Source: ABS Internet
Activity, Australia (December 2015)
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and low cost meant dialup remained the most common mode of Australian house-

hold Internet access until 2006 (Figure 2.1). For households without HFC access,

the alternative to dialup was a digital subscriber line (DSL) service delivered over

existing copper telephone lines. DSL had at least 17 times the bandwidth of dialup

services, up to 1500 kbps, and bandwidth increased further as technology improved.

Increasing bandwidth over the copper network enabled Internet services such as

video streaming, multiplayer computer games and file sharing, without significant

new network construction.

Without overbuilding, entrepreneurial ISPs could only resell services delivered

over Telstra’s monopoly copper network. They could not easily compete with Tel-



16 Regulation before the NBN

stra’s and Optus’s vertically integrated products, and captured little DSL market

share. Figure 2.1 shows the initially high but rapidly falling retail market share

(as percentage of total subscriptions) of dialup access from 2005. Telstra and Op-

tus combined had 90% of retail broadband (DSL and HFC) subscribers in 2007.

(In accordance with the Australian Bureau of Statistics, broadband here is defined

as “an ’always on’ internet connection with an access speed of 256kbps or higher”

(Australian Bureau of Statistics 2017).) iiNet was the most successful start-up with

only 6% of subscribers. Competition was not thriving.

Australian law gives the Australian Competition and Consumer Commission

(ACCC) authority to “declare” certain telecommunications services, that is, to

establish regulated access to declared services (Commonwealth of Australia 1997,

Clause 350A). Telstra’s local line monopoly concerned the ACCC, and various Tel-

stra operations were declared in 1997, which allowed other firms to access Telstra

services on a wholesale basis at set prices (ACCC 1997). Sharing of the copper lines

to premises (local loop unbundling or LLU) was initially declared in 2002 (ACCC,

2002), but the regulated prices proved unattractive to competitors, and direct sale

and resale of Telstra services remained the dominant mode. The basis for LLU

pricing was altered in 2007 (ACCC 2007b), allowing rival ISPs to connect their own

DSL equipment to Telstra’s local copper lines for $14.30 instead of $30 per month

(ACCC, 2008b). The residential market responded by increasing the market share of

Optus and fringe ISPs at Telstra’s expense. Between 2007 and 2010 Telstra’s num-

ber of broadband customers fell by 6% while the total number of Australian fixed

broadband subscriptions grew by 70% (Figure 2.2). The regulator’s determinations

were often vigorously contested by Telstra, and a plan to upgrade much of the local

copper to a higher bandwidth fibre to the node (FTTN) network was halted in 2006

as the ACCC and Telstra failed to reach agreement on competitive access pricing

(Burgess 2006).

Declaring and regulating Telstra’s infrastructure increased retail competition and

allowed customers meaningful choice within the infrastructure duopoly. However,
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Figure 2.2: Subscriber concentration in the Australian residential Internet market.
Source: Author’s calculation from ABS Internet Activity, Australia (December 2015)
and companies’ public reports and investor presentations.
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access to, and the quality of, Telstra-owned exchanges and copper remained prob-

lematic for rivals, and there was no apparent path to an upgrade of the fixed telecom-

munications network (iiNet Pty Ltd and Agile Pty Ltd and Amcom Pty Ltd and

Adam Internet Pty Ltd 2007). Furthermore, regulatory requirements discouraged

Telstra investment. Telstra instead directed investment to more profitable and less

heavily regulated operations associated with mobile telephone and data services

(Telstra 2010). In 2007, the G9 consortium of telecommunication firms (excluding

Telstra) proposed building a FTTN network, structurally separated from the invest-

ing firms and from Telstra, but also failed to reach agreement with the ACCC on

access pricing (ACCC 2007a).

Network quality became a significant political issue in the 2007 Australian federal

election, when the challenging Labor party promised to invest up to 4.7 billion

dollars upgrading most of the copper network to FTTN (Farnsworth 2007). But

Telstra, whose cooperation was required to install and connect the new fibre to

the existing network, refused to participate without guarantees regarding future

regulation (McGauchie 2008, p. 13). The government was unwilling to offer such

guarantees; Telstra was particularly concerned about forced separation, but was also

concerned about future regulatory consistency.

In response, the Australian Government revised its policy in 2009 and established

a government-owned company to build a primarily fibre to the premises (FTTP) net-

work, at an estimated cost of 43 billion dollars. The policy initially envisaged the

company (NBN Co) being financed with majority government equity plus some pri-

vate funding, but private investors could not be found and the new company began

operations as entirely government-owned. The intention to eventually privatise the

company, to recoup the public investment, remained (Commonwealth of Australia

2010b, p. 12), requiring NBN Co to operate as a long-run profit-making firm.

The new FTTP network would replace Telstra’s local copper lines with optic

fibre, although it would rent access to Telstra’s ducts and other passive physical

infrastructure on a wholesale basis. The NBN would only sell wholesale access to
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retail ISPs, thus achieving structural separation at the local network level. Points

of Interconnection (POI) between the NBN and the existing backhaul network were

located only where competing backhaul services were already present, to preserve

backhaul competition. Telstra agreed to work with NBN Co on access and transition

arrangements, and other ISPs broadly welcomed the policy.

Difficulties emerged with the building of the FTTP network, and project delays

and concerns about the eventual total cost were issues in the 2013 federal election.

A change in government brought a focus on costs and speed of deployment, and in

accordance with the recommendations of a cost-benefit study (Department of Com-

munications and the Arts 2014) the design of the network was modified to include

a mix of technologies including FTTP, FTTN and the existing HFC lines. NBN

Co accordingly purchased the HFC networks of Telstra and Optus, thus eliminat-

ing the fixed infrastructure competition to the FTTN/FTTP network. NBN Co

agreed to progressively assume ownership of passive Telstra infrastructure as the

NBN replaced Telstra’s copper network and DSL broadband services.

2.3 Role of regulation and industry concentration

The quantity of broadband units purchased is an important measure of the indus-

try’s economic contribution. In the early twenty-first century, many governments

supported increased quantity by promoting affordable home broadband. For in-

stance, a key objective of the eEurope initiative was to bring every home “into the

digital age and online” (Liikanen 2000). Many studies of these policies investigate

how government and industry actions affected broadband penetration (the typical

measure of quantity). A common finding is that broadband adoption is driven by

competition between different technological platforms (inter-platform) and not, or

less, by competition on a single platform (intra-platform) (Bouckaert, Dijk, and Ver-

boven 2010; Cincera, Estache, and Dewulf 2012; Distaso, Lupi, and Manenti 2006).

Cincera, Estache, and Dewulf (2012) also found that larger incumbent market shares

are associated with slower broadband diffusion. There is some evidence of regulated
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Figure 2.3: Fixed broadband penetration in OECD nations. Source: OECD reports.
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local loop unbundling (LLU) having slightly positive effects, and other forms of ac-

cess regulation having small, insignificant or negative effects. Martin Cave (2014),

whose work informed much regulatory practice, reviewed results from the period of

DSL’s technological dominance.

As fixed broadband penetration approached saturation in developed economies

(see Figure 2.3) interest shifted from broadband to “superfast” “next generation”

network penetration. Briglauer (2014) found strong regulation of DSL networks

hinders adoption of next generation networks. He has argued that competitive firms

invest to escape competition, and so refrain from investing if their competitors will

share the rewards. Australia apparently witnessed this effect when neither Telstra

nor the G9 consortium were able to agree with regulators on conditions to privately
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build a FTTN network. Australian regulators must have recognised the benefits of

upgrading the network, but were concerned about the effect on consumer prices.

Costs of supply and consumer demand together drive broadband prices. But

institutional factors, such as price controls, or market imperfections allowing firms

to exploit their market power, may also affect prices. The effect of imperfect compe-

tition on price has been detected in particular markets. Correa and Crocioni (2012)

used a range of broadband prices in Ireland and the Netherlands to detect which

firms in those markets have market power, mitigated by three levels of access reg-

ulation. Fageda, Rubio-Campillo, and Termes-Rifé (2014) studied prices in Spain,

and found intra-platform competition affects price, while inter-platform competi-

tion does not – reversing the common finding for broadband penetration. They also

found service-level competition (bitstream access) is significant, results replicated

across Europe by Calzada and Mart́ınez-Santos (2014). Studying prices is typically

complicated by problems of selecting which broadband price to study from the often

large number of offers in the market, and by the need to take account of varying

quality.

For the purposes of this chapter, I consider quality to include all aspects of a

product that consumers are willing to pay a higher price for, except quantity. Here

quantity is measured as the number of broadband subscriptions, so a contract with a

higher download cap, for example, is considered higher quality, not greater quantity.

Some aspects of broadband quality are difficult for consumers – and analysts –

to assess (Nirmalathas and Lodders 2016). Service reliability, data transmission

speeds, fault resolution and bundled services all influence consumers’ product choice,

but they are difficult to compare within a market, and even more difficult between

markets. Cross-national data on customer satisfaction or complaints regarding home

Internet services is not available, so is not considered here. This chapter accounts

for download caps (which are also a direct proxy for advertised download speeds in

the data set) in national prices, and for differences in broadband network quality

internationally.
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2.4 Data and methodology

In this chapter I analyse data from the OECD Digital Economy Outlooks (OECD

2015; OECD 2017) supplemented by a range of other sources covering 34 OECD

economies (CIA 2016; OECD 2013; OECD 2016; Transparency International 2016;

World Bank 2016). Price data are from a single survey in 2014, so the analysis

does not attempt to detect trends over time. It does use some 2016 data, without

prices, to check model robustness. The particular value of this data is the inclusion

of cross-national broadband prices for comparable bundles (“bundles” here being

combinations of advertised speed and data download caps – it excludes “bundles”

of Internet services with telephone, pay TV or other services). The data are also

relatively recent, coming from generally mature broadband markets serviced by DSL,

fibre and HFC technology.

Using the survey’s price data does introduce limitations. Broadband consumers

typically do not simply select from a range of connection speeds or download caps

at single prices. Rather, firms market broadband subscriptions bundled with com-

plementary products, and at differing service levels. Australian firms commonly

maintain multiple brands which support price discrimination, as in Telstra’s Big-

pond and Belong, and TPG’s ongoing use of the iiNet and Internode brands from

merged firms. Haucap, Heimeshoff, and Lange (2016) address this by testing price

diversity as a factor influencing broadband penetration (finding diversity positively

affects penetration) but this method is not transferable to the consideration of price

as the dependent variable. This chapter does not attempt to explain price differences

within markets, but does consider underlying price differences between markets.

Prices are supplied for 18 standardised bundles per nation, characterised as com-

binations of advertised speed and data download cap. Not every bundle is available

in every nation, and the survey sometimes includes bundles with lower speed or

download caps at the same price as bundles offering more. These lower offerings

have been excluded from the data, so retained prices represent the most generous

bundle offered at that price in that market. The OECD collected advertised price
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data from the incumbent telecommunications firm, and the largest cable firm, and

one alternate firm (all subject to availability), for offers available in the nation’s

largest city. The survey reports only one price per bundle per nation. In theory,

we expect negligible price differences between firms if we assume broadband bun-

dles are interchangeable commodities but, as discussed above, prices in fact show

significant variation. In this chapter, I assume the OECD’s data collection method

accurately reports incumbent pricing, and that international differences in incum-

bent pricing (corrected for the incumbents’ market share) reflect underlying price

differences across markets. Table 2.1 shows how many distinct price and download

cap bundles per nation are included in the data.

I imputed data to fill occasional gaps in demographic data using methods rec-

ommended by Hair (2014), affecting the calculation of population concentration in

Israel, the calculation of network speed in South Korea (where one of three measures

was unavailable), and the completion of secondary education in Japan. However,

where market share data was unavailable, I excluded the affected nations from parts

of the analysis addressing market concentration. Dependent variable distributions

from this subset are not substantially different to the whole sample. Table 2.1 shows

which nations have market share data available.

I use Ordinary Least Squares (OLS) regression to estimate a control equation for

broadband price, initially excluding regulatory and market share information. Reg-

ulatory and, separately, market share measures are then added to the specification

to see if they make a statistically significant improvement to the control equation’s

accuracy, i.e. its ability to estimate price. Given sufficient variation of these mea-

sures with the sample, finding significant effects would confirm a general capacity for

broadband service retailers in more concentrated markets to maintain higher prices

through coordinated conduct, and a capacity for access regulation to curtail the

effects of coordinated conduct. Coordinated conduct involves firms “implicitly or

explicitly coordinating their pricing, output or related commercial decisions” (ACCC

2008, p. 30) and may be more sustainable when the number of competitors is fewer.
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Table 2.1: OECD nation data used in the OLS regressions

Nation Number of distinct price/cap bundles Market share data available

Australia 3 Yes

Austria 4 Yes

Belgium 3 Yes

Canada 6 Yes

Chile 4 No

Czechia 3 Yes

Denmark 3 Yes

Estonia 4 Yes

Finland 3 Yes

France 2 Yes

Germany 3 No

Greece 3 Yes

Hungary 4 Yes

Iceland 5 Yes

Ireland 2 Yes

Israel 2 No

Italy 2 Yes

Japan 1 Yes

South Korea 1 No

Luxembourg 5 Yes

Mexico 4 No

Netherlands 3 Yes

New Zealand 1 No

Norway 4 Yes

Poland 3 No

Portugal 4 Yes

Slovakia 3 Yes

Slovenia 4 Yes

Spain 3 Yes

Sweden 3 Yes

Switzerland 3 Yes

Turkey 5 Yes

UK 3 No

USA 4 Yes
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Conversely, the absence of effects would suggest that coordinated conduct is not

prevalent, or has effects too small to detect. The analysis is repeated for broadband

penetration, which is expected to decrease in situations of oligopoly pricing, and the

same factors are checked for any contribution to network quality.

I test market share and concentration using several measures, including those

used by regulators (ACCC 2008). I calculate the broadly used Herfindal-Hirschman

Index (HHI) for retailers’ number of subscriptions, independent of connection type,

and for connection types, independent of retailers (see Table 2.3). Other concentra-

tion indicators tested included the combined market share of the one, two, three and

four largest firms, and Anbarci and Katzman (2015) industry concentration index,

classifying one, two and three firms as dominant. Results using other concentra-

tion indices are not substantially different to those using HHI and the incumbents’

market share, and are therefore not reported.

More importantly, the only drivers and indicators of market power considered

are market share and concentration measures, regulatory settings, and the potential

substitutability of wireless broadband for fixed. Barriers to entry other than network

access, consumers’ countervailing power, the availability of information, and more

broadly defined substitutes may all be relevant to market power within particular

markets, but due to the difficulty of classifying and comparing these they are beyond

the scope of this cross-national analysis.

Table 2.2 lists the raw factors and Table 2.3 the consolidated factors tested in the

analysis. National population concentration, public investment in telecommunica-

tions, and the technological quality potentially affect costs, and therefore supply. If

so, price and broadband penetration in national markets will be effected. Therefore

these potential cost factors are estimated by consolidated factors shown in Table

2.3.

The calculated technology factor, considered an input, weights each technology’s

market share by the technology’s comparative maximum speed to give an average

top speed for the national network. Raw data for quality output is reported as three
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different indices measuring speed, which I combine equally weighted into a speed

index. All factors are naturally numerical, except those representing regulatory

options, which I code as dummies indicating presence (1) or absence (0). Three

nonexclusive options corresponding to successive rungs on the “ladder of investment”

(see OECD (2013) page 10 for a nontechnical description) are included, for low level

bitstream access, mid-level unbundled local loop (LLU) access and high level direct

(naked) access to the local loop. Mutual interaction terms are also generated for

these dummies.

I generate OLS regression equations including all remaining independent vari-

ables and factors. I progressively eliminate the least significant variable, and repeat

the regression estimation, until the returned Sum of Squares due to Error (SSE)

stops decreasing with subsequent eliminations. This stepwise elimination of covari-

ates can produce misleading predictions under some circumstances, so the selection

of variables for the control equations was verified using Lasso estimation (Tibshi-

rani 1996). The confirmation of selected variables by Lasso estimation suggests the

retained variables do indeed have consistent effects compared to those eliminated. I

note one exception in the discussion of results.

2.5 Analysis

Summary statistics are reported, and compared to Australian values, in Table 2.4.

Table 2.5 describes an equation estimating price. (Correlations between the inde-

pendent variables are shown in Appendix 2.A.) The strongest contribution is wealth,

measured as GDP per capita. Household budgets are larger in wealthy economies,

so broadband costs and willingness to pay are also higher.

The company tax rate also significantly increases consumer prices. Using tax

incidence theory, this implies, in accordance with previous research (Galperin and

Ruzzier 2013), that demand for broadband services in OECD countries is relatively

price inelastic. Where price demand is inelastic, firms charged high taxes pass the

cost on to consumers, knowing that few consumers will drop their subscription in re-
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Table 2.2: Test variables used in the OLS regressions

Name Definition

MSn (MS1. . . MS5) Cumulative market share of nth largest operator/s, n = 1
to 5

CAP Fixed Broadband download cap for the associated PRICE
bundle, 400/200/100/50/15 GB

BBP100 Broadband subscriptions per 100 people

NUMDSL DSL subscriptions per nation

NUMCABLE Cable subscriptions per nation

NUMFTTX FTTx subscriptions per nation

NUMOTHERSUB Other subscriptions per nation

POPTOTAL Total population per nation (2014)

GDPPC GDP per capita 2014, USD

POPURBAN % urban population (OECD classification)

POPINTER % intermediate urban/rural population (OECD classifica-
tion)

LANDURBAN % land urban (OECD classification)

LANDINTER % land intermediate (OECD classification)

LLU LLU access regulated, 0=unavailable 1=available

BITS Bitstream access regulated, 0=unavailable, 1=available

NAKED Wholesale line access regulated, 0=unavailable, 1=avail-
able

PINV# Public investment in telecommunications as a % of telecom-
munications industry revenue in year #

PINVPC Public investment in telecommunications per capita, mean
for years 2011-2013

WIRELESS Wireless broadband subscriptions per 100 people, mean for
years 2012-2013

AKAMAI Measure of average actual fixed broadband network speeds
(Akamai per OECD), high number is fast

OOKLA Measure of average actual fixed broadband network speeds
(Ookla per OECD), high number is fast

MLAB Measure of average actual fixed broadband network speeds
(Mlab per OECD), high number is fast

EASE Ease of doing business score 2014, from World Bank, high
number is high difficulty

TAX Top corporate tax rate 2014, from World Bank
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Table 2.3: Composite factors tested in OLS regressions

Factor Calculation

POPCON POPURBAN.LANDURBAN+0.5(POPINTER.LANDINTER)
100

PINVC
√
PINV.PINV PC)

SPEED 10
(

AKAMAI
AKAMAI.mean

+ MLAB
MLAB.mean

+ OOKLA
OOKLA.mean

)
TECH 100.NUMFTTX+50.NUMCABLE+20.NUMDSL

300.POPTOTAL

HHIINFRA MSDSL2 +MSCABLE2 +MSFTTX2 +MSOTHER2

HHI5 MS12 +MS22 +MS32 +MS42 +MS52

Table 2.4: Descriptive statistics of regression factors. * Binary variables. MS1 and
HHI5 statistics are for nations reporting market shares (see Table 2.1).

Independent variable Mean Standard deviation Australian score

GDPPC 39.9 17.1 45.0

CAP 192 138 233

LLU* 0.818 0.387 1

BITS* 0.727 0.447 1

NAKED* 0.518 0.502 1

WIRELESS 58.4 24.5 106

EASE 27.0 16.3 12

TAX 23.4 5.86 30.0

POPCON 14.4 16.1 0.85

PINVC 48.6 20.1 76.4

SPEED 30 11.0 20.3

TECH 36.0 16.3 24.0

MS1 62.6 19.7 42.0

HHI5 4959 2152 2329

HHIINFRA 0.522 0.159 0688

Dependent variable Mean Standard deviation Australian score

Price 43.5 21.8 56.0

BBP100 28.2 8.97 27

SPEED 30 11.0 20.3
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Table 2.5: OLS regression coefficients for broadband price with regulation and
infrastructure concentration variables.

Factor Original With regulation
With

infrastructure
concentration

Intercept -17.56 -17.47 -21.01

(5.869) (6.881) (6.484)

GDP per capita 0.8430*** 0.7932*** 0.7312***

(0.111) (0.0087) (0.0926)

Corporate tax rate 0.6628*** 0.7651*** 0.6011***

(0.2079) (0.2262) (0.2155)

Download cap 0.0734*** 0.07482*** 0.07103***

(0.009) (0.0000) (0.0086)

Population concentration -0.3320*** -0.3538*** -0.2973 ***

(0.0807) (0.0836) (0.0791)

Public telco investment 0.1815** 0.2187*** 0.2032 **

(0.0789) (0.0820) (0.0790)

Wireless penetration -0.1070* -0.0781

(0.0611) (0.0639)

Bitstream access regulation 2.118

(4.4670)

LLU access regulation -4.641

(5.4355)

Naked access regulation -3.258

(2.9854)

Infrastructure conc. 3.835

(7.7042)

Adjusted R2 0.685 0.686 0.676

*** P < 0.01, ** P < 0.05, * P < 0.1. Standard errors are reported in parentheses.
n=110.
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sponse to a higher price. This implication only extends to the developed economies

studied here, and is expected, given the low household-budget share of fixed broad-

band subscription (less than 2% averaged across the included markets) and the

stronger network benefits of Internet access in markets with high penetration.

Higher download caps (which are indistinguishable from higher advertised down-

load speed in the data) generate higher prices, probably both as a reflection of higher

costs in backhaul transmission and as effective price discrimination by Internet ser-

vice providers.

Higher population concentration (the composite factor defined in Table 2.3) sig-

nificantly reduces price, likely an effect of network building costs. The effect con-

tributes about 10% to the total price at mean values of the explanatory variables.

Wireless broadband availability has a negative effect on fixed broadband price,

although only significant at the 90% level, and less under other model specifica-

tions. The low consistency of the effect may reflect a change underway in only some

of the economies studied. Technologically improved wireless broadband, previously

considered a complement to fixed broadband, is emerging as a substitute in mar-

kets such as Finland (2017). The possibility of substitution must be considered in

Australia, where some measures find wireless network speeds are higher than fixed

(speedtest.net 2017), and is further discussed below.

Public investment is associated with higher broadband prices, against expect-

ing public funds to function as a subsidy for customers. The causal relationship is

not clear. High prices and public investment could be independent but positively

correlated where infrastructure construction is expensive, sharing costs between gov-

ernments and users. Or public investment could actually support higher prices, by

establishing monopolies that crowd out competitive pricing, or if levies on broad-

band services fund the investment, as considered in Australia (2017). The lower

significance of this result (from 95% to 99%) suggests variation in the relationship

between public investment and prices between markets.

Belying Australia’s long political, legal and commercial debates, there is little
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evidence of competition or regulation affecting consumer prices. The only signifi-

cant effect found, which is at the 90% level, is an interaction of wholesale and local

loop access regulation1. The effect size is large, equivalent to a 17% reduction in

price at mean values, but a the result is isolated and therefore tentative without

further confirmation. Effects of regulatory settings may be hard to detect because

most OECD nations have similar regulatory regimes in place (see Table 2.1), espe-

cially for LLU, and effective regulation across all jurisdictions could be uniformly

forestalling monopoly pricing. Or access regulation of ADSL networks may mostly

affect the distribution of profits between network owners and access seekers with

little flow-through to consumer prices. All OECD broadband markets had five or

fewer significant broadband retailers at the time of the price survey, so oligopoly

pricing and quantity setting may have persisted generally despite regulation.

Infrastructure diversity did not significantly affect broadband prices, corroborat-

ing internationally the somewhat unexpected results from Fageda, Rubio-Campillo,

and Termes-Rifé (2014) within Spain.

Table 2.6 summarises the OLS coefficient estimation for quantity, measured as

broadband penetration per 100 residents. As a comparison of generally stable reg-

ulatory regimes in developed economies, the sample size is necessarily small and

results should be considered alongside the complementary literature discussed in

Section 2.3. Per capita GDP is again the driving economic factor – wealthier na-

tions predictably have greater access. Wide use of better technology and consumers

concentrating on one form of technology both have positive effects, possibly related,

if high technology infrastructure attracts consumers to that technology particularly

and to fixed broadband generally. But TECH and HHIINFRA are not strongly cor-

related (Pearson’s correlation coefficient=-0.38) and HHIINFRA does not appear in

the Lasso estimate. (Public investment, with a positive sign, is the next coefficient

to appear in a Lasso estimate.) The positive influence of better technology is un-

1This specification is not separately reported in tables - estimates are similar to the first column
of Table 2.5 but with an estimated coefficient for the interaction of LLU and NAKED with size
-10, standard error=5.854 and p=0.0901.
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Table 2.6: OLS regression coefficients for broadband penetration.

Factor Original
With

infrastructure
concentration

With
regulation

With
market

concentration

Intercept 14.48 6.56 6.37 6.99

(3.94) (4.89) (6.22) (10.34)

GDP per capita 0.2792** 0.2580*** 0.2559*** 0.2159**

(0.0664) (0.0621) (0.0682) (0.0783)

Technology 0.1695*** 0.2163*** 0.2179** 0.2712***

(0.0567) (0.0559) (0.0593) (0.0922)

Ease of doing business -0.1197* -0.1330** -0.1293* -0.1077

(0.0652) (0.0607) (0.0690) (0.0951)

Infrastructure concentration 13.62** 13.34** 14.40

(5.5700) (5.9114) (8.7414)

Bitstream access regulation -0.9641

(3.2886)

Local loop access regulation 0.8540

(4.2976)

Wholesale access regulation 0.5184

(2.0505)

Largest firm market share -0.0029

(0.2963)

Market concentration -0.0003

(0.0027)

Adjusted R2 0.674 0.674 0.638 0.525

n 34 34 34 26

*** P < 0.01, ** P < 0.05, * P < 0.1. Standard errors are reported in parentheses.
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Table 2.7: OLS regression coefficients for SPEED.

Factor Original With regulation
With market
concentration

Intercept 10.60 8.69 14.44

(2.94) (3.81) (7.94)

Technology 0.5609*** 0.5636*** 0.5529***

(0.0770) (0.0816) (0.1020)

Bitstream access regulation -0.4113

(3.9467)

Local loop access regulation 4.0425

(4.9541)

Wholesale access regulation -2.388

(2.6823)

Largest firm market share -0.2612

(0.3703)

Market concentration 0.0026

(0.0034)

Adjusted R2 0.627 0.554 0.554

n 29 29 23

*** P < 0.01. Standard errors are reported in parentheses.

derstandable. The strong positive effect of more homogeneous technology choice is

not, and this unexplained result reverses the findings of other studies. The World

Bank’s Ease of doing business measure is weakly significant, with the negative sign

expected as high numerical scores represent high barriers to business. No regula-

tory factors are significant in the penetration estimate, and neither are measures of

concentration.

I also generate regression equations for speed, as a measure of the quality of

broadband service, moderating the price and penetration measures. The speed anal-

ysis excludes Korea, as its history of particularly intense infrastructure competition

(T. Brown 2015) has yielded a SPEED indicator which is a strong outlier. Results in

Table 2.7 show the technological quality as the only factor to affect speed, with very

strong significance. The importance of technology is entirely expected, but the lack
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Table 2.8: Model estimations for Australia (2014). Low and High estimates are at
95% confidence

Actual Fit Low High

Price, 400GB download cap 70 72 46 97
Price, 200GB download cap 51 57 32 83
Price, 100GB download cap 47 50 24 75
Broadband penetration per 100 people 27 31 20 42
SPEED 20 24 12 37

of detectable effect from other factors, including public investment and population

concentration, is notable. Regulation and competition again show no influence –

there is no hint in the data of monopoly networks having lower speed. Here again

the number of observations is necessarily small, which may mean weak effects are

not detected.

As a robustness check of this analysis, which uses data from a single year, I use

the penetration equation generated from 2014 data to estimate penetration in 2016,

and compare it to actual penetration. (An updated price survey is unavailable.)

The 2014 equation predicts 2016 outcomes quite consistently, with the coefficient of

determination (R-squared) only falling from 0.665 in 2014 to 0.577 in 2016.

2.6 Australia’s position

These empirical models perform well as estimators of national broadband prices,

penetration and speed, and all control equations strongly pass the F-test at 99.9%

confidence. The equations also predict the associated Australian outcomes well,

compared in Table 2.8. Predicted values are all close to the centres of the 95% con-

fidence intervals. So we can plausibly use these models to explore the determinants

of Australian broadband performance.

Actual Australian prices (in 2014) are slightly lower than the OECD means for

the three download caps considered. According to the model, this is wholly due to

the very high number of wireless broadband subscriptions per capita taken up by

Australians - almost twice the OECD mean. In every other price factor, Australian
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factors tend to raise prices above the average. This implies that, within Australia,

high take-up of mobile broadband constrains fixed broadband prices. Two related

mechanisms may contribute to this. Firstly, as discussed in the preceding section,

consumers in some markets may see mobile broadband as a substitute for fixed,

so fixed prices must remain comparatively low to retain customers. Australia is a

likely market for substitutability to emerge due to the comparatively high quality

of its mobile data networks. Australian wireless spectrum policy has historically re-

lied significantly on the functioning of free markets and been less prescriptive than

fixed broadband policy. Political disputes, rent seeking or dependency on public

spending have consequently not held up wireless technology deployment. Consistent

policy has attracted infrastructure investment and competition. Mobile broadband

technology deployment in Australia at least matches international peers and suffi-

cient spectrum is available, so mean mobile broadband speeds can even exceed fixed

broadband speeds (speedtest.net 2017).

Secondly, in Australia one incumbent firm is dominant in both fixed and mo-

bile broadband, and, if it is an effective price setter in both markets, it may keep

the prices close to avoid cannibalising across its divisions. Figure 2.4 shows some

evidence that Telstra maintains an approximately constant ratio between its fixed

broadband and mobile prices. (The notable exception, where average revenue per

user moves in opposite directions, is from 2017 and the report does not explain this.)

Australian fixed broadband penetration is very slightly below the OECD average.

Australia’s low TECH score alone pulls it down; all other factors promoting broad-

band penetration are above average. The broadband penetration model predicts

raising Australia’s TECH score merely to the OECD average (i.e. similar to Hun-

gary and Portugal), holding other explanatory variables constant, would increase

fixed broadband penetration by 10% (3 additional subscriptions per 100 capita).

Early regulatory decisions discouraging commercial investment and the ad hoc es-

tablishment of the NBN have both contributed to the technology lag. Fortunately,

the problems in fixed broadband are not representative of the whole economy, and
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Figure 2.4: Annual changes in Telstra’s average revenue per user (ARPU), 2008-
2017. Mobile ARPU is Telstra’s blended result 2008-2011, otherwise the unweighted
mean of prepaid and postpaid. 2015 and 2016 are omitted due to missing data. The
line of equality (not a fitted trendline) is shown for reference. Source: Telstra Annual
Reports 2008-2017.
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Australia’s generally business-friendly environment has provided some compensatory

support for broadband penetration. With fibre-rich NBN construction well under

way, can Australians now expect to enjoy the results of better technology?

Possibly not. Australia’s poor absolute network speeds, in these 2014 measure-

ments, are below estimates based only on the then network technology. (In 2014 the

NBN served only 3% of Australian subscriptions (NBN Co Limited 2014a).) This

indicates other barriers to quality. Australia’s TECH score is 0.71 standard devi-

ations below the OECD mean, while the SPEED score is 0.88 standard deviations

below. More recent statistics (speedtest.net 2017) reveal average network speeds

still lag international peers, despite substantial public investment in the NBN. Crit-

ics, such as Varghese (2017), argue this is not primarily due to the technology but

to the monopoly pricing structure applied to NBN access. The high Connectiv-

ity Virtual Circuit charge simulates bandwidth bottlenecks where capacity is not a

technical problem. To consumers, the effect is indistinguishable from a technological

deficiency, and so we expect that, uncorrected, it will continue to prevent the tech-

nological improvements of the NBN from fully contributing to improved broadband

penetration and quality measures.
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2.7 Conclusions

Despite achieving structural separation, results of the twenty-year project to intro-

duce competition into the Australian telecommunications industry are mixed. Retail

competition is well established, but with effectively four large firms (ACCC 2017b)

it remains below the ACCC’s indicative threshold for effective competition, which

is equivalent to five equally sized firms (Herfindal-Hirschman Index=2000) (ACCC

2008, p. 35). NBN Co.’s purchase of the Telstra and Optus HFC networks, the

automatic retirement of DSL following NBN expansion, and legislation mandating

the declaration and thence regulation of any new competing networks, mean infras-

tructure competition is and will remain mostly absent from the local fixed network.

If privatisation of NBN Co proceeds, NBN regulation will likely be as complex as

regulation of Telstra was. As a profit maximising firm, NBN Co will have incentives

to exploit its monopoly by setting high prices and underinvesting in quality, which

will have to be constrained.

Australian fixed broadband regulation has been preoccupied with issues – struc-

tural separation, retail competition and shared access – that show scant evidence

of affecting outcomes. Meanwhile, Australian politics have been concerned with the

quantum of public spending without considering whether broad public investment

may cost Australians more than they would be willing to pay for the outcomes.

The NBN cost-benefit assessment concluded that halting the NBN rollout, or allow-

ing it to proceed unsubsidised, had greater benefits than continuing the rollout at

Government expense (Australian Government Department of Communications and

the Arts Panel of Experts, 2014 Section 6). But this conclusion was immediately

dismissed (Turnbull 2014).

Due to the limitations of the data discussed above, this chapter’s analytical find-

ings regarding price strictly apply only to incumbent ISPs. I have assumed regula-

tion particularly affects the largest firms, and that pricing decisions by incumbents

affect price in the whole market. This concern with the incumbent is also apparent

in Australian policy, where Telstra and NBN Co are specifically subject to sections
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of telecommunications and competition law. I have not considered the possible use

of regulation to protect or otherwise benefit an incumbent in other markets, but

reviewing regulatory history alongside market outcomes, as has been done here for

Australia, could reveal this.

In the international context, the regulatory history of the Australian broadband

industry is not exceptional. Most of the policies applied in Australia were also ap-

plied elsewhere, with similar results. The outstanding event was the nationalisation

of local fixed networks, creating the NBN to resolve the tension between invest-

ment and competition, and hence address the outstanding technology deficit. Other

jurisdictions have deployed various policies. For example, Canada supplements pri-

vate investment and access regulation with public subsidy to improve quality only

in poorly served areas (Canadian Radio-television and Telecommunications Com-

mission 2016), similar to Australian Government policy in early 2007 (“Australia

announces vast national broadband plan” 2007). Singapore has established a pri-

vately owned, structurally separated fibre to the premises network (Jones 2015), with

a similar role to an eventually privatised NBN. New Zealand has established local

(not national) fibre network monopolies, but maintains infrastructure competition

with other technologies (Beltrán 2014).

Establishing the NBN marked a strong shift in Australian regulatory policy, from

relying on competing forms to satisfy demand for fixed broadband services, to estab-

lishing a protected monopoly to secure investment. The NBN’s mixed technology

improves the quality of Australian broadband services but, if protecting its monopoly

forestalls future technology upgrades (such as extending fibre to the premises where

commercially viable), Australian fixed broadband access and quality may continue

to lag other developed economies.
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Appendix 2.A Correlations

Table 2.5 shows estimated coefficients for the equation:

PRICE =GDPPC + TAX + CAP + POPCON + PINV +WIRELESS

+BITS + LLU +NAKED +HHIINFRA

(2.1)

GDP per capita (GDPPC) and the corporate tax rate (TAX) are expected to raise

prices generally and have positive signs on the coefficient. Download caps (CAP)

are expected to increase costs and have a positive sign on the coefficient. Pop-

ulation concentration (POCON) and public investment (PINVC) are expected to

reduce costs (for consumers) and have negatively signed coefficients. Wireless pene-

tration (WIRELESS) will have a positive sign if it is a complementary good to fixed

broadband, and a negative sign if it is a substitute good. The regulatory factors

for bitstream access (BITS), local loop unbundling (LLU) and wholesale line access

(NAKED) are expected to function as price ceilings and have negative signs on the

coefficients. Infrastructure concentration (HHIINFRA) is expected to grant mar-

ket power and so have a positive sign on the coefficient. Correlations between the

independent variables are shown in Table 2.9.
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Table 2.9: Correlation of independent variables predicting PRICE

GDPPC TAX CAP POPCON PINVC WIRELESS BITS LLU NAKED HHIINFRA
GDPPC 1.00000000 0.01903964 0.02875748 0.34044753 0.631689122 0.55097741 -0.213881560 -0.22472193 0.06725568 0.03572273

TAX 0.01903964 1.00000000 -0.01708436 -0.04007543 0.196536305 0.07060743 -0.109929438 0.08789771 0.32337086 0.23592425
CAP 0.02875748 -0.01708436 1.00000000 0.08499324 0.047807096 0.12804945 0.160283250 0.15559487 0.07731006 -0.03964763

POPCON 0.34044753 -0.04007543 0.08499324 1.00000000 0.274394823 -0.01472538 0.043865250 -0.10120106 -0.14094686 0.03992377
PINVC 0.63168912 0.19653631 0.04780710 0.27439482 1.000000000 0.25532633 0.002255471 0.01067717 0.24789923 0.06149604

WIRELESS 0.55097741 0.07060743 0.12804945 -0.01472538 0.255326333 1.00000000 -0.061156676 0.08139063 0.18194385 -0.10068803
BITS -0.21388156 -0.10992944 0.16028325 0.04386525 0.002255471 -0.06115668 1.000000000 0.76980036 0.34909761 -0.22467167
LLU -0.22472193 0.08789771 0.15559487 -0.10120106 0.010677169 0.08139063 0.769800359 1.00000000 0.48886983 -0.13788312

NAKED 0.06725568 0.32337086 0.07731006 -0.14094686 0.247899226 0.18194385 0.349097606 0.48886983 1.00000000 -0.05445357
HHIINFRA 0.03572273 0.23592425 -0.03964763 0.03992377 0.061496044 -0.10068803 -0.224671675 -0.13788312 -0.05445357 1.00000000



Chapter 3

NBN access pricing

3.1 Introduction

Constraining the market power of monopolists and oligopolists has well known bene-

fits. Effective regulation allows consumers to enjoy lower prices, and the whole econ-

omy benefits from increased quantities, if a competitive market can be emulated.

However, vertically disintegrated industries are not simple monopolies, oligopolies

or competitive markets. Where there are multiple distortions, regulating one trans-

action to approximate perfect competition may not yield the highest social benefit

overall. This chapter analyses a vertically organised telecommunications industry,

where an infrastructure layer is monopolistic, a retail layer oligopolistic and end

customers have no market power. The market is two distortions away from perfect

competition, and the effective regulation of one transaction must consider outcomes

affected by the remaining distortions.

The particular context of this chapter is fixed broadband telecommunication net-

works, but other industries have similar structure: vertically separated monopolies,

oligopolies and price takers. Examples are: airports, airlines and passengers; ports,

shipping companies and importers; and radio spectrum owners (governments), com-

mercial broadcasters and advertisers. The typical ownership of the monopoly varies

across these examples; this chapter assumes public ownership is a possibility. A

strict profit condition does not necessarily apply to the monopoly, but does apply to
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the oligopolists. Profitable operation of the monopoly is also assumed to be possible,

and the products of the industry are excludable, and hence not public goods.

The motivating example is the Australian National Broadband Network (NBN),

which is government-owned, and holds a legally protected monopoly, but is pro-

hibited from supplying retail services to households. Other nations have similarly

separated broadband infrastructure ownership from household services retailing.

Infrastructure owner Spark was completely separated from retailer Telecom New

Zealand. Britain’s OpenReach network, Sweden’s Skanova, Czechia’s CETIN and

Singapore’s Next Gen NBN are operationally separated from retailers, although all

these networks are at least partially owned by companies also retailing broadband

services. The Australian NBN is the clearest example of public ownership of a struc-

turally separated network. (The New Zealand Government owns 50% of the Ultra

Fast Broadband networks.) Beyond telecommunications, the model of a govern-

ment owned monopoly offering services to unrelated oligopoly firms often applies,

such as in port and airport infrastructures. In other applications, a potentially loss-

making commercial organisation compensated with public funds corresponds to the

government owned monopoly, such as a sporting league or an arts organisation.

This chapter asks: How do regulatory decisions regarding pricing and entry af-

fect social welfare in this system? The model applies price regulation to a monopoly,

which sells network access to an unregulated retailing oligopoly, which competes in

Cournot fashion. The chapter derives a social welfare maximising regulated price,

accounting for the profits of the network and the retailers and for the consumer sur-

plus of households. It finds that access price is zero or lower, a result familiar from

analyses of incumbent monopolies providing access to entrants (see Armstrong and

Sappington (2007, Section 5.1.4)). A subsidy may be zero for a moderately sized

oligopoly, and is otherwise reduced, if a shadow cost of public funding is applied to

the efficient subsidy. I expand the model to explore a regulatory system which mod-

ifies pure welfare maximisation, and show that such modifications cannot maximise

social welfare, but can benefit either the monopolist or retailers and consumers to-
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Figure 3.1: Network industry supply chain
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gether. I find the optimal network access charge depends strongly on the regulator’s

relative preferences for consumer surplus, retailer profits and network profit.

Haucap and Klein (2012) consider investment incentives in a similar market,

where an upstream monopoly network provides services to a downstream duopoly.

They focus on investments in service quality, and assume the network access charge is

exogenously regulated. This chapter determines that optimal network access charge

endogenously. Gans (2001) analyses investment incentives using a similar model,

but has vertical integration and competition across retailing and network provision

- his model does not include structural separation and protection of the network

monopoly. Regarding access pricing, Kao, Menezes, and Quiggan (2014) similarly

permit vertical integration, but only consider one retail competitor; the outcome

agrees with Section 3.3 of this chapter. Their break-even constraint for the network

means public funding costs are not considered.
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3.2 Modelling retail access to a monopoly net-

work

Consider a retail oligopoly which purchases network access from a monopoly, and

sells it on to households with some value added, illustrated by Figure 3.1. The supply

chain includes two distinct prices: the regulated network access price pN charged

by the monopolist to the retailers, and the unregulated retail price p charged by

retailers to households. The regulator announces the network access price, and

retailers respond to this price and to the extent of competition by exploiting market

power to earn positive profits.

A monopolist owns the network, which is an unsubstitutable factor of production

for the industry. The monopolist makes no decisions - it produces whatever quantity

the retailers demand (the total quantity is qN) and sells at the regulated price.

The whole system of regulation, including legislation, court decisions, ministe-

rial instruction, regulatory culture and commissioners’ discretion, is denoted “the

regulator”. The regulator sets pN to maximise an objective function expressing its

policy. The regulator may promote or block market entry or exit (through mergers)

of retailers, subject to retailers’ profit constraints. The regulator does not control

any quantities or retail prices.

A small number n of competing retailers sell network access as an undifferenti-

ated product to households. Each ith retailer individually controls the quantity of

network access (qi) it sells.

Households select a retailer’s product first by price and otherwise stochastically.

Every household’s decision to buy or not buy network access is expressed by a cumu-

lative Marshallian linear demand function. Network access is considered a separate

product to complementary, over the top services bundled by retailers enabled by

access, such as speed or download quota upgrades, telephone services or consumer

equipment. Depending on billing practices, households may not distinguish the ac-

cess price within a bundle of goods, but are expected to respond the same way to
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marginal changes in their total bill as to changes in the retail access price. Across

jurisdictions, the entry level retail broadband price typically represents more than

half the retail price of median-popularity products, so access is an influential input

cost in the bundle. Non-household customers (businesses, schools, hospitals, etc.)

are expected to have different demand and welfare characteristics and are not con-

sidered here. The expected differences in the elasticity of non-household demand

suggest Ramsey-Boiteux analysis (Boiteux 1971) to consider efficient pricing relative

to households, which is beyond the scope of this chapter. In the long run equilib-

rium considered, the network owner has zero fixed and variable costs, and earns

revenue only by leasing access to the network. Network investment is complete, all

infrastructure building costs are sunk. The costs assumptions are an appropriate

simplification for a broadband network “...due to the strong presence of economies

of density (arising from large sunk costs and very low marginal costs)” (NBN Co

Limited 2014b, p.5), and may be equally valid for many other infrastructure monop-

olies. More generally, pN could be considered the average network access price net

of average cost. Then pN = 0 corresponds to the regulated price equalling average

cost; the analysis is not affected providing scale economies are excluded.

The retailers’ product is entirely supplied by the network, so qN = q1+q2+...+qn.

The retailers’ costs are the network access price per connection plus a homogeneous

internal variable cost c. Retailers fixed costs are sunk, including long run upstream

capacity investments (Lindsay 2010). So total cost per retailer i is Ci = qi(pN + c)1.

n homogeneous firms retailing perfectly substitutable products face inverse de-

mand functions of:

pi = p = α− βqN (3.1)

Linear demand is assumed for clarity; as shown by Figure 3.2 this allows estimation

of finite welfare and deadweight loss.

Fixed broadband retailing is typically dominated by a small number of firms

1Homogeneous fixed costs for the network and retailers can easily be included in the analysis;
they do not affect the discovery of critical points but add constant terms to the social welfare and
objective functions.



3.3 Regulation for maximum social welfare 47

(OECD 2013). There is little marketing by product differentiation in Australian

NBN retailing (ACCC 2018a). A market with a small number of firms providing

homogeneous products without price discrimination lends itself to Cournot anal-

ysis, where firms constrain production, which sustains higher prices than perfect

competition. In the Australian broadband network, firms’ subscriber capacities are

limited by their long run investments in backhaul between the NBN’s Points of

Interconnection, and the associated economies of scale are thought to support the

retail oligopoly, as the large retailers own the relevant infrastructure (Davis 2016).

Oligopolists are expected to maximise profit against these capacity investments, the

source of their market power, in Cournot mode.

Equilibrium retail quantities under Cournot competition are:

qi =
α− c− pN
β(n+ 1)

= q (3.2)

with i = 1, 2, 3...n. The total quantity sold by the retailers, and by the network, is

qN =
n∑

i=1

qi = nq =
n

n+ 1

α− c− pN
β

(3.3)

This total quantity sold decreases linearly with the network price, so the quantity-

maximising network access price is readily apparent from Eq.3.3: set the network

access price at the lowest boundary.

The Cournot quantity determines the retail price

p =
α + n(c+ pN)

n+ 1
(3.4)

3.3 Regulation for maximum social welfare

Social welfare is the sum of consumer surplus (YCS), the retailers’ summed profits

(πR=nπi), and the network owner’s profits (πN), illustrated in Figure 3.2. The total
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Figure 3.2: Elements of welfare
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social welfare (ignoring external benefits, discussed later) is,

Y = YCS + πR + πN (3.5)

As described in Appendix 3.A, these elements expressed in terms of the network

access price are

YCS =
n2

(n+ 1)2
(α− c− pN)2

2β
(3.6)

πR =
n

(n+ 1)2
(α− c− pN)2

β
(3.7)

πN =
n

n+ 1

pN(α− c− pN)

β
(3.8)

and total social welfare is maximised at

pN =
c− α
n

(3.9)

This welfare-maximising price always exists, and is always less than zero when
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the households’ reserve price α is greater than the retailers’ average variable cost

c (otherwise retailer profits are impossible). Considering this negative price as a

subsidy, it decreases in magnitude as the number of firms increases, approaching

pN = 0 as perfect (retail) competition when the number of retailers becomes large.

Then the market approximates a simple monopoly.

If an access subsidy is paid from public funds, the deadweight loss of taxation

generates a shadow cost of public funds. I represent this as multiplying the (below

zero) price pN by a shadow cost λ. As shown in Appendix 3.A, the regulatory

optimised price becomes (in the range where the network profits are negative)

pN = (α− c)
(
λ (n+ 1)− n− 2

2λ (n+ 1)− n− 2

)
(3.10)

If there is no shadow cost of public funds applied to the subsidy, λ = 1 and Eq.3.10

reduces to Eq.3.9. Otherwise the social welfare function is continuous (as πN → 0

from both directions) but not differentiable at pN = 0. As shown in Figure 3.3,

social welfare may be maximised either by a subsidy or by an access price of zero,

depending on the shape of the function below pN = 0. A public subsidy is required

for welfare maximisation when:

λ <
n+ 2

n+ 1
(3.11)

Laffont and Tirole (1993) note “...that our framework implies that commodity subsi-

dies are an imperfect instrument because of the existence of a shadow cost of public

funds” (p.253). Eq.3.10 allows subsidies to be corrected for this particular indus-

trial structure. More generally, where public funding is expensive, and where retail

competition is strong, the size of the welfare optimising subsidy is relatively small

and may be equal to zero.

Setting the access price as close as possible to the first-best optimum increases

welfare. For example, if a network access subsidy is impossible, setting a price of

zero still yields higher welfare than setting a positive price. But the first-best price is

always a subsidy, to a minimum of zero, never positive. (Or if we allow the network
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Figure 3.3: Social welfare response to access price

some positive marginal cost, the optimal network access price is lower than or at

most equal to marginal cost.)

3.4 Entry and exit

Now consider that the regulator has some influence over the number of firms in the

oligopoly, by exercising power to veto mergers and demergers, or by issuing licenses

to retailers (at a negligible price). As a reaction to private investment decisions,

this influence is limited: regulators occasionally make a marginal decision to allow

n to increase or decrease by one. To examine the response of total surplus to the

number of firms, initially assume the regulator does not optimise the access price

for total welfare, as discussed in Section 3.5 below. The first derivatives of Eq.3.6,

Eq.3.7 and Eq.3.8 with respect to n are:

∂YCS

∂n
=

n

(n+ 1)3
(α− pN − c)2

β
(3.12)

∂πR
∂n

=
1− n

(n+ 1)3
(α− pN − c)2

β
(3.13)

∂πN
∂n

=
1

(n+ 1)2
pN(α− pN − c)

β
(3.14)

As the number of retailers increases, total retailer profit always decreases, consumer

surplus always increases, and network profit always increases. Intuitively, increasing
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the number of firms in the retail oligopoly makes the market more closely resemble

perfect competition, decreasing retailers’ oligopoly rents and increasing consumer

welfare. Because the changes to consumer and retailer surplus balance, the increase

in network profit with n entirely flows to an increase in total social welfare.

Now suppose the regulator adjusts the access price to be welfare optimal as the

number of firms changes, accounted for by taking total derivatives of surplus with

respect to n. Setting λ = 1 for clarity, and optimised pN according to Eq.3.9, the

marginal effects of retail entry or exit are:

dYCS

dn
=
∂YCS

∂n
+
∂YCS

∂pN

∂pN
∂n

= 0 (3.15)

dπR
dn

=
∂πR
∂n

+
∂πR
∂pN

∂pN
∂n

= −(c− α)2

βn
(3.16)

dπN
dn

=
∂πN
∂n

+
∂πN
∂pN

∂pN
∂n

=
(c− α)2

βn
= −dπR

dn
(3.17)

So the regulator, at best, adjusts the access price to maintain the same maxi-

mum total welfare when a retailer enters or exits the market. Consumer surplus is

unaffected, but market entry decreases total retailer profits and decreases the net-

work’s loss. The regulator’s decision to allow exit or entry reflects the regulator’s

preferred distribution of profits, as it is welfare neutral. However if the network’s

losses are covered by a public subsidy entailing a shadow cost, the welfare equa-

tion is unbalanced and the pro-welfare preference is to increase n, as reducing the

network’s losses has a greater benefit than the associated cost of lost retailer profits.

3.5 An alternative regulatory objective function

Arnold Harberger’s third postulate of welfare economics states

when evaluating the net benefits or costs of a given action...the costs

and benefits accruing to each member of the relevant group...should nor-

mally be added without regard to the individual(s) to whom they accrue.

(Harberger 1971, p.785)
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Eq.3.11 suggests subsidized access ought to be relatively common in concentrated

broadband markets. But regulated network access prices at or below zero are not

seen in practice. Profitable networks are preferred. Of broadband networks in 33

OECD nations, 29 historically regulated unbundled local loop access - that is, the

access transaction between network owners and retailers (OECD 2013). As far as I

can determine, none of those jurisdictions required network access to be provided at

zero or lower prices, no matter how sunk the network investment. Subsidies allowing

prices below marginal cost are offered where costs are particularly high (usually

rural areas) with equity justifications, not across whole networks with social welfare

justifications.

I propose a weighted objective function including consumer surplus, retailers’

profits and the network owner’s profits. Eq.3.5 becomes the regulator’s objective

function:

YR = 3 (ψYCS + χπR + ωπN) (3.18)

where weighting factors on the elements of surplus ψ + χ + ω = 1. A Harberge-

rian regulator would set the weights in this equation equally (ψ = χ = ω = 1
3
).

Otherwise, varying χ, ψ and ω allows a regulator to favour consumers, retailers or

network owners in any proportion. To conform the model to real world practice, I

temporarily add a profit condition to the network, whose surplus must now be zero

or greater. Thus we need not consider the shadow cost of public funds.

The regulator’s objective function becomes, from Eq.3.7, Eq.3.8, Eq.3.9 and

Eq.3.18,

YR = 3

(
χn2

(n+ 1)2
(α− c− pN)2

2β
+

ψn

(n+ 1)2
(α− c− pN)2

β
+

ωn

n+ 1

pN(α− c− pN)

β

)
(3.19)

Given a sufficiently large relative weight applied to network profits, described in

Appendix 3.B, the regulator maximises its objective by setting the access price as

pN = (α− c) (n+ 1)− χ(2n+ 1)− ψ(n+ 3)

2(n+ 1)− χ(3n+ 2)− ψ(2n+ 4)
(3.20)
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Figure 3.4: Sample welfare response to overweighting network profit
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The total quantity sold at the critical network price is

qN =
α− c
β

(
n(1− χ− ψ)

2(n+ 1)− χ(3n+ 2)− ψ(2n+ 4)

)
(3.21)

Eq.3.20 reduces to Eq.3.9 under Harbergerian settings, and the optimised reg-

ulatory outcome is identical to the social welfare maximum. Any other regulatory

optimisation yields lower social welfare and a higher network access price. Quan-

tities will be higher, and hence the retail price will be lower, if network profits are

overweighted. Quantities will be lower, and the retail price will be higher, if network

profits are underweighted. Figure 3.4 shows the effect on the regulatory function,

the separate elements of welfare and total social welfare of varying the network ac-

cess price around the regulatory optimum. Reintroducing a subsidy with a shadow

cost, a regulator allowing a negative network profit can optimise at an access price

less than zero, shown in Figure 3.5. Social welfare will still be below the available

maximum. Although consumer surplus and retailer profits are high, network losses

and therefore public expense increase rapidly.
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Figure 3.5: Sample welfare response to underweighting network profit
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Any increase in network profit always decreases the quantity sold, the consumer

surplus and the retailer surplus, so any policy favouring network profitability costs

consumers and retailers. Figure 3.6 shows the effect of varying the weight given to

network profits from the Harbergerian 1
3
. If the weight is lower, the benefits of large

subsidies to consumer and retailer surplus are exaggerated while the subsidy cost

is understated. Large subsidies generate high quantities demanded, and the high

total cost of subsidy causes social welfare to decline abruptly. If the weight is higher

(network profits are prioritised), the regulatory optimal access price rises and social

welfare declines gradually with quantity demanded.

3.6 Application: the Australian NBN

The model can be applied to the Australian fixed broadband industry. By 2021,

the government-owned NBN Co will hold an almost complete monopoly on fixed

broadband connections to homes. NBN Co does not retail services, so households
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Figure 3.6: Welfare effect of the regulatory weight given to network profit
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access broadband through competing retailers. Although the total number of re-

tailers is large, four firms divide most of the household broadband market between

them (common in developed economies (Minifie, Chisholm, and Percival 2017)).

From Eq.3.10 I roughly estimate the social welfare maximising access price for the

NBN to be a $30 per month subsidy, if the shadow cost of public funding is ignored,

or slightly above zero when applying a 1.24 multiplier on public funding (which is

an estimate for labour income tax (KPMG Econtech 2010, p.69))2. As both results

are outside their relevant ranges (i.e. the subsidy result ignores the shadow cost,

and the positive price applies a shadow cost), welfare is actually maximised at the

joint boundary where the access price is zero, as shown in Figure 3.3b. If external

benefits, which have been estimated as less than 5% of total benefits (Department

of Communications and the Arts 2014, p.79), are added to the internal surplus, the

optimal access price falls slightly, not changing the stable zero price result.

The actual access positive price of $38 per month (NBN Co Limited 2018, p.5)

reveals the current regulatory priorities in Australia. The separate weights applied

to consumer surplus and retailer profits in Eq.3.21 cannot be disentangled, but if we

assume they have equal weight, that weight is 0.22 and network profits are weighted

more than twice as important at 0.55. Or if the regulator has no regard for retailer

profits, consumer surplus is approximately weighted 0.6 and network profits weighted

2All estimates are sensitive to assumptions about demand: that the demand curve is linear, that
the reserve price is $140 per month and the potential market size is ten million households; and
on the supply side, that there are effectively four retailers with uniform internal costs of $13 per
month to supply the median NBN service. Access prices are calculated from Eq.3.9 and Eq.3.10
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0.4. 0.4 is the lowest weight network profits can have to yield a $38 access price,

indicating the regulator has prioritised NBN profit more than is welfare maximising

(weighting 0.33) given the existing industry structure.

3.7 Conclusion

Ordinary regulation of monopoly pricing boosts welfare by increasing consumer sur-

plus above the cost to monopoly profits, but the trade-offs are complicated when

oligopolies interpose. Regulation which increases consumer surplus can collaterally

increase oligopoly profits at the expense of the monopoly. Maximising welfare in-

cluding the oligopoly profits requires the monopoly to operate at a loss. Regulation

embodies unequal preferences for consumer, monopoly and oligopoly surplus.

When the access price is not set to maximise welfare, an increase in the number

of retailers increases consumer welfare, network profits and total welfare, at the

expense of existing retailers. The effect is limited by retailers’ economies of scale. In

Eq.3.6, Eq.3.7 and Eq.3.8, all elements of welfare shrink if retailer’s per unit internal

costs, c, rise. If economies of scale reduce these costs, they will counterbalance some

benefits of greater retail competition amongst more, smaller firms. Such economies

are ignored here but could be incorporated. If the access price is always optimised,

changing the number of retailers affects the distribution of profits to retailers and

the network, but not the total surplus.

The simplifying assumption of equal firm size used here ignores some important

aspects of firm competition. Gans (2000) deduces conditions, including asymmet-

rical firm size, where a decrease in n can increase welfare; Anbarci and Katzman

(2015) give a detailed worked example.

Government ownership of the monopoly complicates incentives regarding price

regulation, as the net economic benefit of the network can be greatest when its direct

fiscal contribution is lowest. This chapter makes the simplifying assumption of zero

marginal costs for supplying network access. Real networks have some cost to build,

taken either as a lump sum up front or financed and amortised over time, and such



3.7 Conclusion 57

costs will be affected by the network coverage and quality. Increased quality and

coverage should increase the network’s value to all users, but willingness to pay

will reach points of diminishing returns. The efficient size of the network must be

related to network effects and to the method of funding the investment, which I

have only briefly considered. Pay-as-you-use charging (Musgrave 1959) cannot fund

investment if the efficient price is a subsidy or zero.

The general analysis applies well to public interventions in broadband networks.

The Australian National Broadband Network was established to “deliver economic

and social benefits for all Australians” by maximising access at affordable prices,

but at least cost to taxpayers (Commonwealth of Australia 2016), goals which can

be balanced but not reconciled. Decreasing or subsidising the NBN access price

would require the government to either relieve NBN Co of the obligation to repay

some of the $19.5 billion loan facility, or privatise the network at a price lower

than its $29.5 billion equity funding commitment (https://www.finance.gov.au/gbe-

directors-guide/gbe/nbn/, accessed 15 July 2019). (The Commonwealth is currently

the only shareholder.) The fiscal amounts are significant - above 10% of annual

recurrent federal expenditure - but this analysis suggests that shouldering that cost

has strong welfare benefits and so is a worthy candidate to replace less efficient

spending.
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Appendix 3.A Surplus and profit

Consumer surplus is the area bounded by a triangle with vertices at α, p, and

qN = nqi (see Figure 3.2). Using Eq.3.1 and Eq.3.2,

YCS =
(α− p)qN

2

=
1

2

(
α− α + n(c+ pN)

n+ 1

)(
n(α− c− pN)

β(n+ 1)

)
=

n2

(n+ 1)2
(α− c− pN)2

2β

(3.22)

n retailers have identical profits, which are revenues less costs. Using Eq.3.1 and

Eq.3.2 again, retailer surplus is

πR = nπi

= n(pqi − (c+ pN)qi)

= nqi(p− c− pN)

= n
α− c− pN
β(n+ 1)

α + n(c+ pN)

n+ 1

=
n

(n+ 1)2
(α− c− pN)2

β

(3.23)

Network profit is simply the network’s revenue.

πN = pN .qN

= pNnqi

=
n

n+ 1

pN(α− c− pN)

β

(3.24)

The welfare-maximising network access price is found by combining these ele-

ments and setting the first derivative to zero.

∂Y

∂pN
=

n

(n+ 1)2
c− npN − α

β
= 0 (3.25)
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The solution is Eq.3.9

pN =
c− α
n

The second derivative of welfare is

∂2Y

∂p2N
= − n2

(n+ 1)2β
(3.26)

which is always negative, given β > 0 (the demand curve is downward sloping)

and n > 1. Therefore the network access price of Eq.3.9 always locates maximum

welfare.

Where the access price is negative it becomes a subsidy, and if the subsidy is

paid from taxation it has a shadow cost, λ.

λ =


λ, : pN < 0

0 : pN ≥ 0

(3.27)

YCS and πR are not changed, but the public cost of the network’s (negative)

revenue becomes

λπN =
λn

n+ 1

pN(α− c− pN)

β
(3.28)

Total welfare is

Y =
n2

(n+ 1)2
(α− c− pN)2

2β
+

n

(n+ 1)2
(α− c− pN)2

β
+

λn

n+ 1

pN(α− c− pN)

β

(3.29)

where the last term is expected to be negative as pN < 0. Optimising,

∂Y

∂pN
= − n2

(n+ 1)2
α− c− pN

β
− 2n

(n+ 1)2
α− c− pN

β
+

λn

n+ 1

α− c− pN
β

− λn

n+ 1

pN
β

(3.30)

Setting this derivative to zero and solving for pN yields Eq.3.10.

pN = (α− c)
(
λ (n+ 1)− n− 2

2λ (n+ 1)− n− 2

)
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The second derivative is

∂2Y

∂p2N
=
n2(1− 2λ) + 2n(1− λ)

(n+ 1)2β
(3.31)

which is always negative when λ > 1, guaranteeing Eq.3.10 always locates the access

price for maximum welfare.

For the case of joint welfare optimisation of the number of firms and the access

price, as described in Section 3.4, calculate the total derivative dY
dn

, where Y is

described by Eq.3.5 - Eq.3.8. The total derivatives are expressed as parts in Eq.3.15

- Eq.3.17:

dYCS

dn
=
∂YCS

∂n
+
∂YCS

∂pN

∂pN
∂n

dπR
dn

=
∂πR
∂n

+
∂πR
∂pN

∂pN
∂n

dπN
dn

=
∂πN
∂n

+
∂πN
∂pN

∂pN
∂n

The first terms are given by Eq.3.13 - Eq.3.14:

∂YCS

∂n
=

n

(n+ 1)3
(α− pN − c)2

β

∂πR
∂n

=
1− n

(n+ 1)3
(α− pN − c)2

β

∂πN
∂n

=
1

(n+ 1)2
pN(α− pN − c)

β

From Eq.3.9,

∂pN
∂n

= −c− α
n2

(3.32)

Partial derivatives of the elements of surplus with respect to the access price are:

∂YCS

∂pN
=

n2

β(n+ 1)2
(α− pN − c)2

∂πR
∂pN

= − 2n

β(n+ 1)2
(α− pN − c)

∂πN
∂pN

= − 1

n2
(α− c)
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Substituting into Eq.3.15 - Eq.3.17, and recognising from Eq.3.9

c− α = npN

yields the results shown in Section 3.4:

dYCS

dn
= 0

dπR
dn

= −(c− α)2

βn

dπN
dn

=
(c− α)2

βn
= −dπR

dn

Hence

dY

dn
= 0 (3.33)

Appendix 3.B Optimisation of the regulatory func-

tion for n retailers

Substitute Eq.3.6, Eq.3.7 and Eq.3.8 for the elements of surplus in the regulator’s

objective function Eq.3.18 to generate Eq.3.19:

YR =
χn2

(n+ 1)2
(α− c− pN)2

2β
+

ψn

(n+ 1)2
(α− c− pN)2

β
+

ωn

n+ 1

pN(α− c− pN)

β

Differentiating to find the critical network access price,

∂YR
∂pN

=
3n

(n+ 1)2β

(
α (ω(n+ 1)− χn− 2ψ) + c (χn+ 2ψ − ω(n+ 1))

+ pN (χn+ 2ψ − 2ω(n+ 1))

)
(3.34)
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Recalling ω = 1− χ− ψ, the second derivative is

∂2YR
∂p2N

=
3n

(n+ 1)2β
(χn+ 2ψ − 2ω(n+ 1))

=
3n

(n+ 1)2β
(χ(3n+ 2) + ψ(2n+ 4)− 2(n+ 1))

(3.35)

Given χ ≥ 0, ψ ≥ 0 and n ≥ 2, the critical pN locates a maximum of the regulatory

objective function if

χ
3n+ 2

n+ 1
+ ψ

2n+ 4

n+ 1
< 2 (3.36)

which is a requirement that the weight applied to network profits, ω, is sufficiently

large (although it can be smaller than the weights on consumer surplus and retailer

profits). The critical pN is located by setting Eq.3.34 to zero and solving as:

pN = (α− c) w(n+ 1)− χn− 2ψ

2ω(n+ 1)− χn− 2ψ

= (α− c) (n+ 1)− χ(2n+ 1)− ψ(n+ 3)

2(n+ 1)− χ(3n+ 2)− ψ(2n+ 4)

(3.37)



Chapter 4

Charging for quality

4.1 Introduction

How to differentiate and price quality is a strategic problem for firms in imperfectly

competitive markets. In this chapter, both the price of quality and consumers’

appreciation of quality are variable. A monopoly offers a wholesale service, charging

a set price for basic access and adding a surcharge for an optional quality upgrade.

Two retailers in competition sell the service, offering either low or high quality

product. The regulator of the monopoly may be only concerned with basic access,

and so allows the network to set the quality surcharge commercially. Or the regulator

may be also concerned with quality, and so regulates both the access price and the

quality surcharge.

Quality follows Drucker’s definition:

Quality in a product or service is not what the supplier puts in. It

is what the customer gets out and is willing to pay for. A product is

not quality because it is hard to make and costs a lot of money, as

manufacturers typically believe. This is incompetence. Customers pay

only for what is of use to them and gives them value. Nothing else

constitutes quality. (Drucker 2014, p.280)

Quality is a single factor encompassing all product characteristics valued by con-

64
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sumers beyond simple availability. Then production is completely described in terms

of quantity and quality. Retailers can set prices strategically, considering consumers’

demand for quality. The model applies where consumers are offered differentiated

products under imperfect competition. Examples are a choice of cellphones of-

fered by a mobile network operator, or competing cereal brands on a supermarket’s

shelves. The Australian broadband industry is considered in this chapter (see Sec-

tion 4.4), as the industrial structure of that market permits firms to act strategically,

and imposes homogeneous costs. Advertising in this market concentrates on price,

and on brand and data download rates as signals of quality.

This chapter extends the existing literature on competition through product dif-

ferentiation to consider a market with multiple distortions - a monopoly wholesaler

and a retailer duopoly. Haucap and Klein (2012) consider a closely related market

of complementary goods, but with customers perceiving upstream and downstream

quality separately, which they analyse for investment incentives rather than product

offerings. This chapter does not follow Shaked and Sutton (1982) and the related

literature on strictly hierarchical product quality, which has consumers’ budgets

determining their choice of quality. Instead it follows Häckner (2000) and Zanchet-

tin (2006) who consider expanded consumer choice through product substitution.

Kurokawa and Matsubayashi (2018) make a similar analysis of firms’ choice of qual-

ity positions, but use a quality cost derived from relative quality differences, whereas

here the cost of quality to retailers results from strategic pricing by the upstream

monopoly.

Deploying reverse induction, Section 4.2 analyses how unregulated retailers re-

spond with pure strategies to an exogenous surcharge on quality. In Section 4.3 the

surcharge is made endogenous by a profit-maximising monopolistic wholesaler who

anticipates retail outcomes. That analysis is repeated for a surcharge set instead by

a welfare-maximising regulator. The model is applied to the Australian fixed broad-

band market in Section 4.4, comparing recent regulatory, wholesaler and retailer

choices in the Australian broadband market to rational expectations. Appendices
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Figure 4.1: A monopoly network supplies a retail duopoly. The two retailers’ quan-
tities sum to the networks’ quantity. The network access price and quality surcharge
are distinct from the retail prices.

Network Households

Retailer 1

Retailer 2
qN 

q1 

q2 
pN + pQ pi 

qN 

contain some ancillary derivations and results.

4.2 Retail response to an exogenous quality sur-

charge

I describe the industrial model below, then analyse the retail response to changes in

the quality surcharge and to changes in product differentiation.

4.2.1 Industry model

Fixed broadband networks in developed economies are typically operated by small

oligopolies. Of 26 OECD nations surveyed in 2013, 23 had a Herfindahl-Hirshman

index of fixed broadband operators above 5000, indicating market concentration

equivalent to at most two equally sized firms. In 20 countries, the largest two firms

had greater than 70% market share (OECD 2015, Table 4.9). Accordingly and for

simplicity I model the broadband retail market as a duopoly, illustrated by Figure

4.1. The supply chain includes two distinct priced transactions. Upstream, the

network owner charges retailers a network access price pN for each subscription, plus

an optional quality surcharge pQ which retailers must pay to supply a high quality

subscription. Downstream, retailers charge households pH for a high quality service

or pL for a low quality service. Retailers consider network charges and oligopolistic

competition to maximise profits.

The retailers sell either high quality or low quality broadband services to house-

holds. Each offers only high or only low quality subscriptions. Firms position them-
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selves as either high quality providers, to support a high retail price, or as low price

providers, with modest claims regarding quality. If the two retailers offer different

(high and low) quality services, the products are differentiated, imperfect substi-

tutes. If the two retailers offer the same quality, the products are perfect substitutes

and their production costs are equal. (Note that retailers can offer identical quality

and price, unlike the model in Shaked and Sutton (1983).) The network produces

quantity H of high quality subscriptions and quantity L of low quality subscrip-

tions to exactly meet retailer demand. Either quality level may be absent from

the market, so if both retailers offer only high quality, the quantity of high-quality

subscriptions is H = q1 + q2 and the quantity of low quality subscriptions L is zero.

Quantities H and L are constrained by the size of the same market (the number of

households within the network), so they are additive and H + L is constrained at

the same maximum total quantity.

Either firm can switch quality levels, with the variable cost quality surcharge the

only cost of switching. Advertising costs, which retailers would incur to reposition

their offering when they change their product quality, are not considered. Reposi-

tioning the brand is envisaged as an infrequent, exceptional occurrence. Kurokawa

and Matsubayashi (2018) analyse repositioning costs as fixed costs, and assume vari-

able costs do not change with the quality level. Including fixed repositioning costs

here would cause the initial quality levels of the two firms to affect the outcome

equilibrium, which could easily be incorporated in this model.

Households select a retailer’s product by price and by quality. Households cannot

detect whether a retailer is paying pQ to the network or not, so must infer quality

from advertising, price signals and word of mouth, much as described by Guadalupi

(2018). Subscriptions are contracts for some fixed period with penalties for can-

cellation, so product testing before making a contract is prohibitively expensive for

customers. Then if high and low quality products are available, some households

will choose high quality and some will choose low, and some will choose not to buy.

Of Australian NBN customers in late 2017, 12% selected high quality, 63% selected
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low quality, and 25% chose not to subscribe (NBN Co Limited 2017),(Huggett 2017),

so the uncovered market is significant.

The network access price is expressed net of the average variable costs of access

provision, which do not change with quantities. Network construction is complete,

so there are no marginal construction costs to add a subscriber, and operating and

maintenance budgets are averaged across all potential connections. Cost averaging

across potential, rather than active, connections is justifiable as the result of a regu-

latory universal service obligation, by which the network must make access available

to some defined market regardless of consumers’ purchasing decisions. In broadband

markets, these network cost assumptions are reasonable for an already constructed

broadband network “...due to the strong presence of economies of density (arising

from large sunk costs and very low marginal costs)” (NBN Co Limited 2014b, p.5).

Similarly, the marginal cost to the network of upgrading a subscription from low to

high quality is zero - low quality results from a deliberate throttle to support price

discrimination, not a technological difference. (Janda 2013).

For convenience, retailers’ prices are expressed net of average internal costs,

which are also unchanging in quantity - retailers’ fixed costs are sunk, and they have

no economies of scale. Then the variable costs considered are simply the network

access charge pN and the quality surcharge pQ.

Household utility has the well-behaved and convenient form taken from Singh

and Vives (1984) and the extensive derivative literature:

U(H,L,AOG) = αHH + αLL−
1

2
H2 − 1

2
L2 − γHL+ AOG (4.1)

Following Häckner (2000) and Zanchettin (2006), αH and αL measure households’

preferences for vertically differentiated service quality, αH ≥ αL. Households in

the applicable market choose an aggregated quantity H of high quality broadband

subscriptions and aggregated quantity L of low quality subscriptions. Each house-

hold purchases one unit of H, or one unit of L, or purchases nothing. Because

αH ≥ αL, a marginal increase in H increases household utility more than (or at
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minimum, as much as) an equal marginal increase in L. All other goods (AOG) is a

numeraire with a price of 1, representing purchases households might make instead

of a broadband subscription. γ measures the degree of substitutability between H

and L: γ = 1 implies perfect substitutes; γ = 0 implies demands for the products

are unrelated; and γ < 0 would imply complimentary goods. Here high and low

quality subscriptions are imperfect substitutes, so 0 < γ < 1.

Household demand equations are derived in Appendix 4.A, yielding:

H = αH − pH − γL (4.2)

L = αL − pL − γH (4.3)

The gap αH − αL measures consumers’ differentiation of high quality from low

quality product. If indifferent, then αH − αL = 0. If the high quality is preferred

(and identifiable) then αL is some fraction of αH such that

αL/αH = 1− β, 0 < β ≤ 1 (4.4)

β characterises the vertical differentiation in quality, that is, the different value

ascribed to high quality and low quality products, and Eq.4.3 becomes

L = (1− β)αH − pL − γH (4.5)

4.2.2 Strategic response to the quality surcharge

Three pure strategy distinct equilibria, illustrated in Figure 4.2, are possible: a high

quality equilibrium where both retailers offer only high quality (HH); a low quality

equilibrium (LL) where neither retailer offers high quality; and a diverse equilibrium

(HL) where one retailer offers a high quality product, paying the quality surcharge,

and the other retailer offers low quality. An LH equilibrium is exactly symmetrical

to HL, and as firms’ labels are interchangeable, is not considered separately.

The market power of retailers enables strategic control of quantities, effected by
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controlling advertising expenditure and by management’s ability to claim infrastructure-

determined technical capacity constraints. Under competition in this Cournot mode,

in a differentiated HL equilibrium, retailers’ profits are:

πH =

[
αH(2− γ + βγ)− (2− γ)pN − 2pQ

4− γ2

]2
(4.6)

πL =

[
αH(2− γ − 2β)− (2− γ)pN + γpQ

4− γ2

]2
(4.7)

Retailers price and quantity responses to the HL equilibrium are analysed in Ap-

pendix 4.B.

A diverse equilibrium is stable unless it is more profitable for the high quality

firm to switch to offering a low quality service (HL goes to LL), or if it is more

profitable for the low quality firm to switch to a high quality service (HL goes to

HH). Intuitively the HL to LL switch occurs if the quality charge pQ becomes large

relative to the quality difference, β.

Firms in the LL equilibrium also compete in Cournot mode, offering homo-

geneous low quality services. The uniform retail price is for low quality perfect

substitutes, neither firm pays the quality surcharge and each firm’s profit is:

πLL =

[
(1− β)αH − pN

3

]2
, (1− β)αH − pN ≥ 0 (4.8)

The condition ensures positive profits (and similarly in Eq.4.10 below). Solving for

πH = πLL, a high quality firm in HL competition will switch to low quality service

when the quality surcharge is above

pQH =
1

6
(αHβ(4− γ)(1 + γ) + (αH − pN)(2− γ)(1− γ)) (4.9)

This upper limit of the surcharge in the HL range is always increasing in β, that

is, the market transitions to an LL equilibrium at a higher quality surcharge when

products are more strongly differentiated.

The HH equilibrium dominates when firms make higher profits in Cournot com-
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Figure 4.2: Sample of retailers’ profits responding to a varying quality surcharge pQ,
applying Cournot strategy. α = 1, β = 0.3, γ = 0.35, pN = 0.25. In the HH region
no firm offers low quality; in the LL region no firm offers high quality; in the HL
region both high and low quality are offered.

0 0.75

Surcharge

P
ro

fi
ts

HH

0 0.75

Surcharge

P
ro

fi
ts

LL

0 0.75

Surcharge
P

ro
fi
ts

HL (or LH)

0 p
QL

p
QH

0.75

Surcharge

0

0.13

P
ro

fi
ts

Comparison of retailers' profits

HH HL LL

Uniform high quality

Uniform low quality

Higher quality

Lower quality



72 Charging for quality

petition for a homogeneous high quality service than they make being the low quality

supplier in the HL equilibrium. Analogously to Eq.4.8

πHH =

[
αH − pN − pQ

3

]2
, αH − pN − pQ ≥ 0 (4.10)

πHH exceeds πL per Eq.4.7 when the surcharge on quality is lower than

pQL =
6αHβ − (αH − pN)(2− γ)(1− γ)

(4− γ)(1 + γ)
(4.11)

This lower limit of the HL equilibrium range always rises as β increases, so the HH

equilibrium range is shortened when the high quality service is less valued. The

lower bound for the HH market is at pQ = 0, assuming no subsidy by the network

is possible.

To summarise, a high priced, exogenously applied quality surcharge supports a

homogeneously low quality equilibrium, a low priced quality surcharge supports a

homogeneously high quality equilibrium, and a diverse equilibrium of differentiated

products exists in between. The outcome of three strategic equilibria and their

ordering relative to the quality surcharge holds under Bertrand competition, so the

analysis is generally robust to assumptions about the exercise of market power.

Appendix ?? provides outline details of the Betrand result.

4.2.3 Influence of product differentiation

The multiple equilibria for the Cournot duopoly can also be expressed in terms of

the degree of differentiation, expected to increase if superior product information

is readily available. Reading Figure 4.3 from left to right, weak differentiation

results in both retailers offering low quality service, as the small retail price premium

for high quality does not compensate retailers for the quality surcharge cost. As

differentiation increases, one firm finds it profitable to offer high quality; high quality
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Figure 4.3: Sample of firms’ profits responding to varying product differentiation β,
applying Cournot strategy. αH = 1, pQ = 0.2 (held constant), γ = 0.35, pN = 0.25,
high numbers on the horizontal axis represent strong differentiation. In the HH
region no firm offers low quality; in the LL region no firm offers high quality; in the
HL region both low and high quality are offered.
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product enters the market when differentiation is higher than

βL =
6pQ − (αH − pN)(2− γ)(1− γ)

αH(4− γ)(1 + γ)
(4.12)

which is a restatement of Eq.4.9. A higher network access price pN or a higher

quality surcharge pQ increases the range of the low quality equilibrium across the

degree of differentiation. Similarly, the low quality product exits the market when

the differentiation is greater than

βH =
pQ(4− γ)(1 + γ) + (αH − pN)(2− γ)(1− γ)

6αH

(4.13)

As expected, the larger pQ is, the smaller the range of product differentiation which

supports a HH equilibrium is. A higher pQ encourages one firm to offer low quality

even when products are strongly differentiated. Raising the network access charge

pN has the opposite effect.

Figure 4.4 plots typical retail strategy outcomes against the quality surcharge

and the degree of differentiation. Weak product differentiation with a high quality

surcharge yields a low quality equilibrium, strong product differentiation with a low

surcharge yields a high quality equilibrium, and a range in the middle supports a

diverse market.

4.3 An endogenous quality surcharge

As a monopolist playing a significant role in an economy, I expect the network’s

pricing to be regulated, but the reach of regulation to be exogenously determined.

I first consider a regulator only concerned with consumers’ access to a basic level of

service, setting a welfare-maximising network access price but allowing the network

owner to set a profit-maximising quality surcharge. I then consider regulation of the

quality surcharge to maximise welfare.
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Figure 4.4: Retail strategic outcomes with varying quality surcharge and product
differentiation; α = 1, γ = 0.35, pN = 0.25, high numbers on the vertical axis
represent strong differentiation. In the HH region both firms offer high quality; in
the LL region both firms offer low quality; in the HL region firms offer different
quality.
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4.3.1 Network profit maximisation

As the size of the quality surcharge gives rise to three possible equilibria, the net-

work owner’s profit function is discontinuous in pQ. If retailers profit maximise as

described in Section 4.2, equilibria are separated at pQH and pQL identified in Eq.4.9

and Eq.4.11. Network profit is equal to revenue which is:

πN =


(pN + pQ)H, : HH

pN (H + L) + pQH, : HL

pNL, : LL

(4.14)

Figure 4.5 shows a sample plot of the network profit response to the quality sur-

charge. The relative profits plotted are not general; depending on market parameters

β and γ, network profit may be maximised at any of:

1. pQ=0,

2. a local maxima in the HH region (which always exists for the HH profit

function, but may be located outside the HH boundaries),

3. pQL, in a HH equilibrium,

4. pQL, in a HL equilibrium,

5. a local maxima in the HL region (which always exists for the HL profit func-

tion, but may be located outside the HL boundaries),

6. pQH , in a HL equilibrium,

7. the LL equilibrium, where network profit is unchanging in pQ.

Network profit at each of these surcharges is determinate, except on the boundaries

pQL and pQH , where the retailers can be expected to select the left or right side

equilibrium more profitable to them. Thus the network owner might set a qual-

ity surcharge slightly above or below a profit maximising boundary, relinquishing

a fraction of profit to encourage the retailers into the network-profit-maximising
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Figure 4.5: Sample of network profit responding to the quality surcharge. α = 1,
β = 0.3, γ = 0.35, pN = 0.25. The discontinuous function has seven potential
maxima when parameters vary.
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equilibrium. The network profit maximising quality surcharge and resulting profit

at each point are listed in Appendix 4.C.

However the network profit functions at the seven potential maxima are func-

tions of demand equation variables αH , β (or αL), and γ, which in practice must be

estimated with uncertainty. Selecting pQ based on imperfect information can encour-

age retailers into the wrong (from the network’s perspective) equilibrium, yielding

much lower network profits than the expected maximum if profits fall down across

a discontinuity. Figure 4.6, discussed below, illustrates how network profits shift

with changes in exogenous market parameters. Hence I consider a cautious network

owner, who does not seek the absolutely profit maximising pQ, but instead seeks

a satisficing surcharge which, with high probability, anticipates the retail strategy

yielding higher network profit. This cautious network owner will make its best esti-

mate of the demand variables, then set a surcharge within whichever region (HH,
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HL, or LL) maximises expected network profit.

The expected network profit in each equilibrium is the first moment of the net-

work profit function. Assuming the exogenous market parameters are uniformly dis-

tributed over the range of possible quality surcharges, the expected profit is equal

to the integral of the profit sub-function over the range it is the dominant retail

strategy, divided by that range. Noting that the surcharge pQ does not affect profits

in the low quality equilibrium, expected network profits are:

E(πN) =



1

pQL

∫ pQL

0

[(pN + pQ)H] dpQ, : HH

1

pQH − pQL

∫ pQH

pQL

[pN(H + L) + pQH] dpQ, : HL

pNL, : LL

(4.15)

The network operator then selects the surcharge to precipitate the retail strategy

which maximises expected network profit, and the solution depends on the exogenous

αH , β, γ and pN . Figure 4.6 shows expected network profits at a range of market

parameters, with αH normalised to a value of 1 and pN expressed as a fraction of

αH , so all factors have a range [0 : 1]. Across most of the range, the HH outcome

maximises expected network profits, but the HL outcome can dominate when β is

small (i.e. high and low quality are weakly differentiated) and γ is low (products are

weakly substitutable). Under HL conditions, collecting the access charge from the

large number of low quality subscriptions more than compensates for the reduced

surcharge revenue of lost high quality subscriptions.

The expected network profit under the low quality outcome is almost dominated

by other strategies, only exceeding the high quality outcome’s profit where

αH <
pQ(2pN + pQ)

βpN + pQ
(4.16)

So the low quality equilibrium can be more profitable when vertical differentiation

is low and the quality surcharge is high relative to consumers’ willingness to pay
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for high quality. Then the additional revenue yielded by the surcharge on a small

number of high quality subscriptions is less than the revenue from charging a higher

number of low quality subscriptions for access. (A similar region exists where LL

is more profitable for the network than HL - details of the calculations may be

requested from the author.)
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Figure 4.6: The response of expected network profit (vertical axes) to the network access price pN (horizontal axes) under three strategic
equilibria: HH: only high quality service is offered; HL: high and low quality services are offered; LL: only low quality service is offered.
β measures the difference in quality between service levels, with a high number indicating a large gap. γ is the cross price elasticity of
demand between high and low quality service.
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4.3.2 Welfare maximisation

A similar approach analyses the effects of the quality surcharge on total welfare.

Welfare, in the Marshallian sense, includes consumer surplus, the profit of the net-

work owner, and the profit of the retailers. I only consider the quality surcharge

here, maintaining exogeneity of the network access price. Eq.4.32 and Eq.4.33 (in

Appendix 4.B) imply the welfare maximising network access price is zero, indepen-

dent of the quality surcharge. We can easily set pN = 0 within this section’s results,

but to maintain generality, I assume pN is set by some exogenous criteria, such as a

guaranteed return on capital to the network owner.

As the two-sided transactions of retailers with households and with the network

owner have no net effect on welfare (only affecting distribution), total welfare is

Y =
1

2
(αH + pH)H +

1

2
((1− β)αH + pL)L (4.17)

Like network profit, the response of total welfare to the quality surcharge is dis-

continuous where retail equilibria change. Expected total welfare, analogously to

Eq.4.15, is:

E(Y ) =



2

9pQL

∫ pQL

0

[
2α2

H − αHpN − αHpQ − 2pNpQ − p2N − p2Q
]

dpQ, : HH

1

2(pQH − pQL)

∫ pQH

pQL

[(αH + pH)H + ((1− β)αH + pL)L] dpQ, : HL

1

9

[
(4− 3β)α2

H − (2− 3β)αHpN − 2p2N
]
, : LL

(4.18)

Welfare outcomes from each retail strategy, for varying values of β and γ, are plotted

against the network access price in Figure 4.7. When differentiation is large the

HH equilibrium delivers higher welfare, but when differentiation is relatively small

the HL equilibrium can dominate, particularly when the cross price elasticity of

demand is high. The uniformly low quality equilibrium is always dominated by

uniform high quality, and usually also inferior to the diverse equilibrium. The results

for expected total welfare are broadly congruent with maximising network profit:
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generally welfare and network profit are both higher in the HH equilibrium, but

when quality differentiation is weak, the HL outcome delivers both higher total

welfare and higher network profit.

Figure 4.7 also illustrates some welfare effects of the network access price. Re-

gardless of the retail strategy, welfare is always decreasing against an increasing

network access charge. Checking pN = 0, i.e. the intercepts with the vertical axis,

the welfare effects of the quality surcharge broadly persist in the absence of an access

charge - a high quality outcome usually maximises welfare, but a diverse outcome

offers higher welfare when consumers place little value on the quality difference.
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Figure 4.7: The response of expected total welfare (vertical axes) to the network access price pN (horizontal axes) under three strategic
equilibria: HH: only high quality service is offered; HL: high and low quality services are offered; LL: only low quality service is offered.
β measures the difference in quality between service levels, with a high number indicating a large gap. γ is the cross price elasticity of
demand between high and low quality service.
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A regulator more narrowly concerned with consumer welfare might be interested

in how the quality surcharge, through its effect on the retail outcome, affects con-

sumer utility according to Eq.4.1. Expected consumer utility is:

E(UC) =



1

pQL

∫ pQL

0

[
αHH −

1

2
H2 − pHH

]
dpQ, : HH

1

pQH − pQL

∫ pQH

pQL

[αHH + (1− β)αHL−
1

2
H2 − 1

2
L2

− γHL− pHH − pLL] dpQ,

: HL

(1− β)αHL−
1

2
L2 − pLL, : LL

(4.19)

Fig.4.8 shows the outcomes are again broadly consistent with maximum network

profit, generally achieved with a high quality equilibrium, except in the case where

consumers place little extra value on high quality. Then when the network access

price is set high, consumer’s utility may be greatest in the low quality equilibrium,

which yields the lowest retail prices.
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Figure 4.8: The response of expected consumers’ utility (vertical axes) to the network access price pN (horizontal axes) under three
strategic equilibria: HH: only high quality service is offered; HL: high and low quality services are offered; LL: only low quality service
is offered. β measures the difference in quality between service levels, with a high number indicating a large gap. γ is the cross price
elasticity of demand between high and low quality service.
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4.3.3 Discussion

The product mix made available given the industrial structure described is deter-

mined particularly by market factors, but importantly also by firms’ strategies. If

all firms, including the network, are free to exploit monopoly power, except for the

network access price, then only high quality products will usually be available (Fig-

ure 4.6). The network profits from collecting the product quality surcharge on all

subscriptions, and the retailers profit from charging a higher price for a high quality

service, when households have no alternatives. This equilibrium breaks down when

households do not appreciate or cannot distinguish the quality difference between

potential products, which encourages one retailer to offer low quality at a lower

price, capturing the higher quantity demanded.

Outcomes are similar where the network is managed or regulated to maximise

welfare (Figure 4.7). Unless products are only weakly differentiated by quality, low

quality products are absent from the welfare-maximised market - in addition to

the network and retail profit advantages described above, consumers benefit from

competition (albeit imperfect) in the supply of high quality products, constraining

retail prices. Any welfare advantages of having a low quality product available

are slightly increased by high substitutability between the high and low quality

products, allowing consumers without much preference for quality to pay less, but

the this allows retailers extra market power through differentiation, so full discounts

are not passed through to households.

A network managed or regulated for the narrower outcome of maximising con-

sumer utility tends even more strongly to offer only high quality products (Figure

4.8). Only where differentiation is weak can a low quality product slightly improve

households’ outcomes; the lower price paid for low quality yields barely greater

benefit than the higher price for those buying high quality causes costs.

Consumer utility and total welfare always decline as the network access price is

raised, but under any retail product equilibrium, the network may maximise profits

with a positive access price, increasing as horizontal and vertical differentiation de-
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creases. The network’s profit is highest when households place little value on quality

and readily substitute between high and low quality products, and when the access

price is relatively high. These results, especially the differences between welfare

maximising and profit maximising network strategies, are discussed in the previous

chapter. Conversely, this chapter shows there is little gap in welfare-maximising and

profit-maximising network strategies regarding a surcharge on quality: a surcharge

low enough to support a high quality product equilibrium (4.2) is the network’s

optimal strategy under a wide range of imperfectly known market parameters.

4.4 Application to the Australian fixed broadband

market

4.4.1 Market description

This paper uses the preceding analysis to understand the Australian broadband

industry. NBN Co, a company owned by the Australian Government, is progressively

taking ownership of and upgrading the fixed broadband network which serves homes

and small businesses. The National Broadband Network (NBN) project aims to

improve the capabilities of broadband infrastructure (Beltrán 2014).

Legislation protects NBN Co from infrastructure competition (Commonwealth

of Australia 2010a), but prohibits the company from providing retail services to end

customers - its permitted scope of business is wholesale only (Commonwealth of

Australia 2016). NBN Co charges two prices to retailers - an Access Virtual Circuit

(AVC, equivalent to pN) charge per subscription, and a Capacity Virtual Circuit

(CVC, equivalent to pQ) charge based on the data transfer rate. Charges associated

with data transfer rates are considered monopolistic price discrimination, as the

capacity of the network is determined by the fixed costs of construction, insignifi-

cantly affecting incremental operating costs (Baxter 2016). The quality surcharge is

set by NBN Co within a framework agreed with the competition regulator, subject
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to overrule by the Minister for Communication (2010a).

NBN Co offers speeds in four tiers denoted by maximum download megabits

per second - 12, 25, 50 and 100. Actual speeds determine customers’ experience of

quality (how long internet-based tasks take to complete, and the quality of streamed

media), and maximum speeds may not be achieved, especially if a retailer has pur-

chased insufficient CVC capacity to accommodate peak demand. Australian Gov-

ernment policy is to operate the NBN profitably, recouping the public investment

in construction by eventual privatisation.

Over 100 private firms sell NBN-based subscriptions, but nationally retail con-

centration is high. In late 2017 the largest retailer held 50% of subscriber share, the

second largest 23%, the third 14% and the fourth 9% (ACCC 2018c). The duopoly

model of Section 4.2 and Section 4.3 is therefore neither an exact representation of

the industry, nor very far from it.

4.4.2 Strategy analysis

Between November 2017 and March 2018, all major Australian internet service re-

tailers agreed with the competition regulator to compensate more than 75,000 cus-

tomers for making misleading claims about broadband speeds, and agreed to mod-

ify advertising practices (ACCC 2018b). In December 2017, NBN Co dropped the

wholesale price of access to its 50Mbps service to match the price of its most popu-

lar, lower speed 25Mbps service (i.e. lowered pQ) (NBN Co Limited 2017). Retailers

responded by dropping their 25Mbps products and shifting customers to 50Mbps

(switched product offerings from L to H), including the largest retailer, Telstra

(Pearce 2018) and the second largest, TPG (Pearce 2017). Increased information

about quality in advertising (increased vertical differentiation) and a decrease in the

quality surcharge quickly drove significant changes in firms’ product strategy, from

the LL to the HH equilibrium.

When the quality surcharge was high, Australian firms preferred to obscure in-

formation about quality levels (maintain a low β). At a high pQ, retailers maximise
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profits in a low quality equilibrium, and this equilibrium is assisted when quality

differentiation β is low (see Figure 4.4). Offering high quality could only improve

profit through higher prices, but customers reject higher prices unless the high qual-

ity firm can make credible claims about the its superior quality. This was difficult

given customers’ bounded understanding of the product class, and the industry prac-

tice of marketing products by maximum theoretical, not typical, download speed.

Firms shifted from the low quality equilibrium when the quality surcharge was re-

duced. Facing the reduction, retailers willingly complied with external monitoring

and reporting of quality (ACCC 2017a), supporting verifiable differentiation between

quality levels. When the quality surcharge is low, a high quality strategy maximises

profits, and this equilibrium is assisted by strong differentiation of high from low

quality.

Where quality is unregulated, the profit maximising network owner is expected

to set the quality surcharge low enough to ensure at least one retailer offers a high

quality surcharge - the LL equilibrium is only profit maximising for the network in

a narrow combination of market parameters. If the network access price is set at

a substantial fraction of the retail price of the service (in the Australian NBN it is

close to 50%) the network may set the quality surcharge low enough to eliminate

the low quality product altogether. Comparing the 50Mbps and 25 Mbps home

broadband internet services in Australia, with β estimated at 0.15 and pN/αH at

0.5, the situation facing NBN Co may be similar to the lower rows of Figure 4.6,

where the profit maximising choice between HL and HH depends on the cross-

price elasticity of substitution. NBN Co’s decrease of the quality surcharge may be

a response to a change in its estimate of this elasticity, as it observed most consumers

previously opting for the lower price, lower quality service.

In summary, recent moves by retailers, the network owner and the regulator have

all been rational in accordance with the expectations of the model presented in this

chapter. The impetus for the equilibrium shift may have been partly a change in

consumers’ taste for broadband quality, driven by the new availability of streaming
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television services, and possibly also suboptimal prior settings as firms and policy

makers experimented with prices in the immature market.

4.5 Conclusions

This chapter proposed a model of a the provision of quality services in a market

combining monopoly and oligopoly. It found, for a broad range of market parame-

ters, that the possession of market power does not preclude but rather encourages

the availability of high quality, and often encourages the withdrawal of low quality

services from the market. In setting a quality price, the rational monopolist makes

decisions which are broadly congruent with total welfare maximisation and with

consumer welfare. Regulators should be careful not to intervene wherever market

power is present; unregulated market power does not necessarily cause misalignment

of firm and welfare outcomes.

Changes in the Australian broadband market in 2017/2018 accorded with this

analysis. The model suggests regulators, firms with market power, and consumer

groups can and have, through sharing information and experimentation, find mu-

tually beneficial solutions. This has been the recent policy approach in Australian

broadband regulation, contrasting with the earlier pervasive conflict between firms

and between firms and the regulator (Barry 2018), with promising results.
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Appendix 4.A Derivation of demand equations

From Eq.4.1, derive marginal utilities (MU) for H and for AOG.

MUH =
∂U

∂H

= αH −H − γL
(4.20)

MUAOG =
∂U

∂AOG

= 1

(4.21)

Then the marginal rate of substitution (MRS) of H for AOG is

MRSH,AOG =
MUH

MUAOG

= αH −H − γL
(4.22)

Assuming efficient production,

MRSH,AOG = MRTH,AOG

=
pH
pAOG

= pH

(4.23)

where pH is the retail price of one unit of H. Repeating for the substitute L yields

inverse demand equations:

pH = αH −H − γL (4.24)

pL = αL − L− γH (4.25)

where pL is the retail price of L, and demand equations are as given in Section 4.2.
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Appendix 4.B Cournot equilibrium solution for

the differentiated duopoly

Given the demand equations from Appendix 4.A, firms’ profits and their first deriva-

tives in quantities are

πH = (pH − (pN + pQ))H = (αH −H − γL− (pN + pQ))H (4.26)

∂πH
∂H

= αH − pN − pQ − 2H − γL (4.27)

πL = (pL − pN)L = (αL − L− γH − pN)L (4.28)

∂πL
∂L

= αL − pN − 2L− γH (4.29)

with second derivatives indicating maxima. Locating the maxima and solving gives

profit maximising solutions for retail prices, quantities produced and firm’s profits:

pH =
2αH − γαL + (1 + γ)(2− γ)pN + (2− γ2)pQ

4− γ2
(4.30)

pL =
2αL − γαH + (1 + γ)(2− γ)pN + γpQ

4− γ2
(4.31)

H =
2αH − γαL − (2− γ)pN − 2pQ

4− γ2
(4.32)

L =
2αL − γαH − (2− γ)pN + γpQ

4− γ2
(4.33)

πH =

[
2αH − γαL − (2− γ)pN − 2pQ

4− γ2

]2
(4.34)

πL =

[
2αL − γαH − (2− γ)pN + γpQ

4− γ2

]2
(4.35)

Only the positive square roots of Eq.4.34 and Eq.4.35 are relevant, as nega-

tive square roots would require negative production quantities H or L. Retailers’

strategic response to pQ in retail prices and quantities is illustrated in Fig.4.9.
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Figure 4.9: Retail prices and quantities under a varying quality surcharge.
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Appendix 4.C Absolute profit maximisation for

the network

Section 4.3.1 describes a network selecting a quality surcharge to anticipate a retail

equilibrium generating high expected network profits. If information was perfect, the

network could instead select a precise profit-maximising surcharge. The surcharges

and the resulting network profits are listed here. (Loc. refers to the potential

maxima marked on Fig.4.5.)
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Loc. Description Quality surcharge Condition Network profit

1 Lower bound in HH 0 pQ=0
2

3
pN (αH − pN )

2 Local max. in HH
1

2
(αH − 2pN ) 0 < pQ < pQL

1

6
α2
H

3 Upper bound in HH pQL pQ = pQL

4α2
H

(4− γ)2(1 + γ)2
(1− β)(6β − (2− γ)(1− γ))

− 4pN
(4− γ)2(1 + γ)2

(
αH(12β − γ2 + 3γ − 8) + 6pN

)

4 Lower bound in HL pQL pQ = pQL
5− γ

(4− γ)(1 + γ)
(αH(1− β)− pN )

5 Local max. in HL
1

4
((αH − 2pN )(2− γ) + aHβγ) pQL < pQ < pQH

pN
2

(αH(1− β)− pN ) +
α2
H

8(4− γ2)
(2− γ + βγ)2

6 Upper bound in HL pQH pQ = pQH

αHpN
18

(
11 + 3γ − 2γ2 − β(17 + 3γ − 2γ2)

)
−
p2N
18

(13− γ2)

−
α2
H(1− β)

18
((2− γ)(1− γ) + β(4− γ)(1 + γ))

7 Within LL High pQ > pQH
2

3
(αH(1− β)− pN ) pN

Table 4.1: Maximum profits available from the network’s choice of quality surcharge, at critical surcharge locations shown on Fig.4.5.
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Appendix 4.D Bertrand equilibrium solution for

the differentiated duopoly

Although the retail duopoly is expected to prefer optimisation on quantity, under

some conditions this might be difficult. For example, if consumers selected retail

providers from a menu provided by the network owner or a neutral third party,

retailers would have less ability to influence quantities via advertising, and higher

incentives to compete on price1. Considering duopolistic competition on price repre-

sents an alternative assumption for modelling to test the robustness of the outcomes

under Cournot assumptions. Further, it aids generalisation to an n-firms oligopoly,

as Häckner (2000) showed firms’ preference for Cournot competition over Bertrand

may not hold where n > 2 and quality differences are large, which Zanchettin (2006)

extends to some duopolies under certain conditions. Therefore, consider that the

retailers may optimise profits by setting prices in Bertrand fashion, initially in a

HLB equilibrium.

Given inverse demand functions Eq.4.2 and Eq.4.3, Bertrand competition yields:

H =
αH − pH − γ(αL − pL)

1− γ2
(4.36)

Substituting in Eq.4.26 gives

πH =
pH(αH − γαL)− p2H + γpLpH − (pN + pQ)(αH − γαL)

1− γ2

+
pH(pN + pQ)− γpL(pN + pQ)

1− γ2
(4.37)

1This is not common practice in fixed broadband service retailing. At the time of writing,
in a sample of national markets combining approximately monopoly broadband markets with
retail competition (the United Kingdom, Australia, New Zealand and Singapore) network owners’
customer facing websites all provided a list of hyperlinks to retailers’ own websites without any
additional information about specific retail products or prices. However, some third party websites
aggregated information about available plans.
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Optimising on pH :

∂πH
∂pH

=
αH − γαL − 2pH + γpL + (pN + pQ)

1− γ2
(4.38)

The profit-maximising price for the high quality retailer is

pH =
1

2
(αH − γαL + γpL + pN + pQ) (4.39)

Similarly, the low quality retailer’s profit-maximising price is

pL =
1

2
(αL − γαH + γpH + pN) (4.40)

The optimised profit equations satisfy the second order condition, and resulting

HLB equilibrium prices, quantities and profits are:

pHB =
(2− γ2)αH − γαL + (2 + γ)pN + 2pQ

4− γ2
(4.41)

HB =
(2− γ2)αH − γαL + (γ2 + γ − 2)pN + (γ2 − 2)pQ

(1− γ2)(4− γ2)
(4.42)

πHB =
((2− γ2)αH − γαL + (γ2 + γ − 2)pN + (γ2 − 2)pQ)

2

(1− γ2)(4− γ2)2
(4.43)

pLB =
(2− γ2)αL − γαH + (2 + γ)pN + γpQ

4− γ2
(4.44)

LB =
(2− γ2)αL − γαH + (γ2 + γ − 2)pN + γpQ

(1− γ2)(4− γ2)
(4.45)

πLB =
((2− γ2)αL − γαH + (γ2 + γ − 2)pN + γpQ)

2

(1− γ2)(4− γ2)2
(4.46)

Within the HLB equilibrium, increasing the quality charge raises the price of

high and low quality products as expected. Increasing the quality charge decreases

the quantity of high quality and increases the quantity of low quality products sold.

Increasing the quality surcharge pQ decreases the profit of the high quality firm (for

any γ in our range) and increases the profits of the low quality firm. At a sufficiently

high surcharge, the high quality firm changes its product to low quality, avoiding

the surcharge and precipitating a LL equilibrium. As the retailers’ products are
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now undifferentiated, and marginal costs are equal, continuing price competition

would lead to both producing at P = MC, generating no economic profit. However

if the firms are able to compete in quantities, they may earn profits according to

a Cournot duopoly2, identical to that in section 4.2.2. This occurs at surcharges

higher than

pQlimBH =
(αH − pN)(3(2− γ − γ2)− (4− γ2)

√
1− γ2)

3(γ2 − 2)

+
αHβ(3γ + (4− γ2)

√
1− γ2)

3(γ2 − 2)
(4.47)

Similarly, the low quality firm prefers HH Cournot competition to HL Bertrand

competition if the surcharge is lower than

pQlimBL =
(αH − pN)((4− γ2)

√
1− γ2 − 3(2− γ − γ2))

3γ + (4− γ2)
√

1− γ2

+
3αHβ(2− γ2)

3γ + (4− γ2)
√

1− γ2
(4.48)

Most importantly, the Bertrand competition yields the same sequence of equilib-

ria in response to the quality surcharge and to product differentiation as Cournot

competition does. That is, only low quality for high surcharges and for low differen-

tiation, only high quality for low surcharges and high differentiation, and a diverse

equilibrium offering one high and one low quality product at intermediate surcharges

and degrees of differentiation.

2Without product differentiation, firms must exercise market power by limiting quantities, or
accept perfect competitive outcomes. I expect all firms to make all legal efforts to switch from
Bertrand to Cournot modes of competition. If undifferentiated Cournot competition is not possible,
the Bertrand HL equilibrium persists longer as undifferentiated Bertrand profits are lower than
Cournot.
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Conclusion

The tension between monopolistic economies of scale and the dynamic efficiency of

competition has strained Australian telecommunications policy for decades. Chap-

ter 2 showed the policy of privatisation balanced by regulation set conditions for re-

markable commercial innovation, supporting large foreign investments and domestic

entrepreneurialism. Technological progress following privatisation is harder to as-

sess, being something of a what-if question, but history suggests the entry of fringe

competitors put pressure on the incumbent to upgrade services sooner than a price-

discriminating monopolist would prefer. Australian consumers enjoyed connection

to home broadband at uptake rates and prices in line with those in other developed

nations. However the regulatory system - and the policy process - proved incapable

of supporting the new investment demanded as optic fibre networks became the

state of art. Australian governments failed to guarantee returns, as monopoly rents,

sufficient to win commercial investment in a next generation network - allocative

efficiency was maintained at the cost of dynamic efficiency.

The political solution - government investment in the NBN - resolved the regula-

tory deadlock, but re-introduced the familiar trade-off between monopoly profits and

total welfare, discussed in Chapter 3. The problem of pricing services monopolised

by public utilities is not new, but the (here bipartisan) policy of investing to privatise

complicates the role of government, and the downstream presence of an oligopoly

mediating services to consumers complicates total welfare calculations. The NBN
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did not naturally evolve into a monopoly - it was granted legislative protection from

competition at birth, and portions of the Australian telecommunications network

could likely support competition in last-mile infrastructure. State capitalism has

its own incentives, not least redistributive churning to purchase consent (De Jasay

1985). NBN’s generously regulated access pricing is used to support inefficient cross

subsidies, but there is also evidence that early decisions regarding the NBN were

skewed for political reasons (Alizadeh and Farid 2017). Although substantial public

income is expected from the eventual privatisation, Chapter 3 showed the economic

profits made by the NBN are outweighed by other welfare costs of high access prices.

The early history of the NBN called into question even the technological de-

mand for the investment, with the majority of fibre subscribers choosing speeds

barely faster than the best ADSL performance, and with persistent complaints about

service quality. Chapter 4 showed a market of low-quality products as the stable

outcome when the additional charge to offer high quality is expensive for retailers.

Manipulation of that charge can generate other stable equilibria with mixed quality

or high quality. The shifts are observable in the Australian market, where decreasing

the Connectivity Virtual Circuit charge precipitated a change in product offerings

by the dominant retailers. Customers showed they were indeed willing to pay for

the higher quality service, and the outcome is expected to be stable in profits for

the retailers and for the monopoly network.

But if profit provides sufficient incentive for firms to offer high quality broad-

band service, the question returns to the rationale for the original nationalisation.

Australia, as other countries are demonstrating, could have upgraded its telecom-

munications network to a technical standard at least as high as the NBN, without

making such an unusual exception to privatisation policies of recent decades. There

are no signs of any general shift towards public ownership in Australia, but there

are current proposals (albeit from parliamentary oppositions) in the UK for broad

renationalisation (UK Labour Party Manifesto 2017), and in the USA for public

investments in technological upgrades (Ocasio-Cortez 2019). Proponents of these
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and similar proposals should consider the Australian NBN a cautionary example,

and reconsider whether regulatory changes might better achieve their goals.

In future, ownership and regulatory policies regarding fixed broadband in Aus-

tralia should best adopt hybrid approaches. Technological shifts will be important.

If some technology emerges - a home entertainment application seems most likely -

which demands high bandwidth, the NBN may have no capable competitors, and

so should be preserved as a regulated monopoly, permitted sufficient revenues to

invest in meeting ongoing technological requirements. Public scrutiny would be es-

sential to avoid gold-plating of the network in excess of consumer demand. But

currently bandwidth supply technology, especially 5G mobile data, appears to be

developing faster than demand, and the value of the fixed NBN will decline as sub-

stitutes improve. Then the network should be separated by technology into fixed

line, terrestrial radio and satellite components which are able to compete with al-

ternatives and each other - efficiency should emerge. That will leave scant rationale

for continuing public ownership or for heavy regulation, and may leave the Aus-

tralian government with a negative fiscal return on the investment. That alone will

not demonstrate that the market intervention was unproductive, as the period of

planned allocation may have shortened the time for the efficient outcome to emerge.

As the network building nears completion, Australian governments should adopt

policies to maximise national welfare rather than protecting NBN Co’s monopoly

profits.
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