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Abstract
Although the future socio-economic benefits of a new fibre-based (“next generation
access”, NGA) telecommunications infrastructure seem to be uncontroversial, a
universal NGA coverage appears to be a rather unrealistic objective without
government intervention. We contend, however, that the current contract practice of
fixing ex ante targets for network expansion is inefficient given the uncertainty about
future returns on NGA infrastructure-based services and the public authorities’
incomplete information about the capital costs of the network provider. This paper puts

forward to delegate the choice of the network expansion to the NGA provider.
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1 Introduction

The deployment of fibre-based next-generation access (NGA) telecommunications
networks has become a major challenge for sector-specific regulators, governments
and network providers in recent years. Traditional (first-generation copper-based)
telecommunications networks seem to be outdated and it has become necessary to
speed up these networks to account for the growing demand for bandwidth. Such
needs come from new and interactive services such as file sharing and streaming, high-
quality video conferencing, cloud computing, teleworking, distance learning,
telemedicine and so on. The future importance of ultra-high speed broadband
infrastructure is largely undisputed and mainly related to the potential of significant
productivity improvements and economic growth across all business sectors.However,
replacing existing telecommunications networks with fibre optic networks requires
massive investment volumes. These are of much greater magnitude than the previous
investments required for upgrading first-generation copper networks to facilitate
broadband services and add up to billions of Euros for nationwide (second-generation)

NGA deployment.2

1 For empirical evidence, see Roller and Waverman (2001) who investigate the impact of traditional
telecommunications infrastructure on economic growth, Garbacz and Thompson (2007) for the impact
of Internet services and information networks on productive efficiency and Czernich et al. (2011) for
the impact of high-speed broadband networks on economic growth. OECD (2009) also estimates the
positive spillover effects of high-speed broadband infrastructure on other business sectors.

2 Cost estimates for 100% coverage in all member states of the European Union (EU) vary between

€192 billion and €280 billion (FTTH Council Europe, 20124, p. 10).
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As private investors are apparently not ready to roll out NGA networks in remote
(unprofitable or “white”)3 regions but only in densely populated areas, it seems that
public subsidies are needed to achieve universal NGA deployment. Indeed, in Asian
countries (such as South Korea and Japan) and northern European countries (such as
Denmark, Norway and Sweden), national governments in the early nineties initiated
broadband strategies as a complementary measure to market liberalization and sector-
specific regulation. In particular, the Asian countries that have provided the highest
public subsidies for NGA deployment (see Table 1 in section 2.3) are heading the
broadband as well as high-speed (fibre-based) broadband rankings by a large margin

today (FTTH Council Europe, 2012b).

A growing branch of the literature focuses on different aspects of the funding of NGA
networks. Diverse funding instruments and cost models have been discussed and
developed by industry consultants (e.g. Neumann, 2010; wik consult, 2008; dot.econ,
2012; Ventura Team & Portland Advisers, 2012), international organizations (e.g. OECD,
2008, 2009; ITU, 2009) and in the policy-oriented work of academics (e.g. Huigen &
Cave, 2008; Cave & Martin, 2010; Falch & Henten, 2010) in recent years. Belloc et al.
(2012) are the first to examine econometrically the distinct effects of demand- and

supply-side policies on the diffusion of conventional broadband technologies. They

3 The European Commission (2009, para 40) “made a distinction between areas where no broadband
infrastructure exists or is unlikely to be developed in the near term (white areas), areas where only
one broadband network operator is present (grey areas) and areas where at least two or more

broadband network providers are present (black areas).”
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find that although both kinds of funding policies have a positive impact on broadband
diffusion, their effectiveness is dependent on the respective diffusion stage. Jullien et
al. (2010) is a theoretical paper that analyzes the interaction between regulators,
incumbents and local governments with regard to investment in new network
infrastructure. They find that government intervention can be welfare reducing in the
case of asymmetric information or regional externalities. In addition to this more
applied research, a rich literature exists on the general theory of public intervention
under uncertainty. It is developed how a public authority must design optimal contracts
under incomplete information about costs and demand (see e.g. Laffont & Tirole, 1993,
for a seminal theory of incentive regulation under asymmetric information, Armstrong &
Sappington, 2006, 2007, for comprehensive reviews of regulatory theory and
Holzleitner, 2001, for an assessment of regulatory contracts in practice). There is also a
growing literature on public—private partnerships (PPPs) related to this paper (see
Engel et al. (2013) and the literature cited therein). A primary focus of this literature is
on the allocation of risks between the public authority and private provider. Engel et al.
(2001) derive the optimal length of concessionaire contracts under uncertain demand.
Martimort and Pouyet (2008) and lossa and Martimort (2008) study the optimal
bundling of tasks (e.g. network construction and its operation) in a moral hazard
model. Engel et al. (2013) investigate the optimal choice between financing through

user revenue and public subsidies under demand uncertainty.

According to the best of our knowledge, there has been no systematic attempt at

combining these branches of the literature in terms of evaluating the real-world public



funding of NGA deployment in light of information asymmetries and efficiency
considerations. Given the economic and social desirability of universal NGA
deployment and insufficient private investment, we want to examine the following
research question: Is the current practice of funding NGA rollout projects efficient, and,
if not, how can public authorities despite their informational disadvantages design
simple and robust contracts that provide more efficiency-based incentives for
increased NGA deployment but nevertheless minimize public expenditure? Our main
proposition is that the level of network expansion or of other quality criteria should not
be fixed ex ante by the public authority but that this choice should be left to the NGA
provider who has better knowledge of investment costs. Furthermore, we show that
such contracts can be readily implemented based on existing accounting data and that
it is not necessary to undertake any additional verification of cost or demand data.
Finally, as we directly solve for the optimal contract, the trade-off between incentives
for network expansion and the limitation of the NGA provider’s profit can be explained

in a more accessible way to policymakers.

The remainder of this paper is organized as follows. Section 2 briefly provides the
necessary background on the technical context and then outlines the basic economic
rationale for NGA-related subsidies. This is supplemented by a compilation of
representative funding practices in countries leading in fibre deployment and/or most
engaged in public subsidy programmes. Section 3 presents a formal model with
optimal linear contracts for principal/agent settings with complete and incomplete

information. As this paper aims specifically to take account of the real-world



characteristics of NGA deployment, section 4 compiles the relevant policy implications
that directly follow from the main results of our model. Section 5 contains some further
relevant policy considerations and, finally, section 6 summarizes and contains some

qualifying remarks.

2 Institutional framework and evidence

2.1 Basic technological concepts and definitions of NGA scenarios

First-generation communications networks provide broadband services by means of
the xDSL transmission technology that allows a connection speed in the range of 256
kbit/s to 20 Mbit/s. In order to further increase the current bandwidth and to fulfil
future broadband demand, it is necessary to shorten the length of the local copper-wire
loops. As a first solution, where a DSL transmission system is deployed in cabinets, the
connection to the backbone network can be replaced by means of optical fibre. In the
remaining copper-wire lines, the latest DSL transmission technology is used. This
solution (“fibre to the curb/cabinet”, FTTC) can provide bandwidths of approximately
20 Mbit/s to 100 Mbit/s depending on the length of the remaining copper lines.
Second, higher bandwidths (above 100 Mbit/s) will be achieved if the final copper-wire
line is shortened further. Fibre to the building (FTTB) is an implementation scenario in
which optical fibre is extended to or into the building. Third, if it feasible to also renew

or replace in-house wiring, it is possible to eliminate copper lines entirely. In such a



scenario, the optical line is directly connected to the individual apartment or home

(“fibre to the home”, FTTH).4

2.2 The economic rationale for subsidizing NGA deployment

NGA deployment causes high construction costs related to civil work for digging, in-
house wiring and laying down optical cables, which are literally sunk and account for
60% to 80% of the NGA network’s total costs (ERG, 2007, pp. 16—17), followed by duct
costs and fibreglass. Since access networks branch out in a tree-like structure as they
approach the final consumer, renewing line infrastructure involves fewer customers the
closer one gets to the final consumer. This means that rollout costs will be distributed
among fewer customers and average cost per customer will be higher. In many cases,
access networks therefore represent “natural monopolies”, where economies of scale
in terms of density make it much less expensive to integrate additional customers into
an existing network than to provide them with separate (parallel) networks (RTR, 2010,

p.192).

In particular, high investment volumes come along with distinctive risks of NGA
deployment. Next to the risks that arise from the sunk cost nature of NGA investment,

potential investors face the following risks, which all influence investment decisions in

4 For the different NGA scenarios, see RTR (2010, pp. 189—-191) and Briglauer et al. (2013, p. 3). In
addition, cable television and mobile (wireless) networks might also be used to roll out high-speed
communications networks. Cable and FTTC networks represent hybrid access network technologies
combining existing and new infrastructure that may be sufficient to meet bandwidth demand at least

in the mid-term.



a negative way: the long amortization periods (20-25 years) of network infrastructure,
the technical risk of the new technology as well as substantial uncertainties regarding
future demand for new high-speed broadband services. The expected value of those
uncertain revenues may not be sufficient to render profitable an investment into a
nationwide NGA network. Furthermore, NGA investors are confronted with regulatory
risks because the set of ex ante NGA specific regulations is still an open issue in most
countries.s NGA investors may fear that regulators will be subject to moral hazard and
take away realized profits if business turns out better than initially expected. Of course,
this creates another source of uncertainty, especially for operators who most likely will
be deemed as dominant and therefore subjected to sector-specific regulation in future

decisions.

Given the economics and specific risks of NGA deployment, it is unlikely that private
investment will be induced by competition or sector-specific regulation on a broad or
even nationwide scale.6 However, aggregate societal benefits may exceed private

willingness to pay, which then creates a case for public intervention. As 100 years ago

5 Forarecent overview of the regulatory status, see wik consult (2012).

6 The impact of regulation is actually greatly disputed in the academic literature. The vast majority of
the related literature indicates a negative net impact of regulation on investment in general and
broadband, in particular (see Cambini & Jiang (2009), who review the relevant empirical and
theoretical work). Briglauer et al. (2013) and Briglauer (2014), who empirically examine the
determinants of NGA investment and adoption, respectively, also find that service-based competition
in terms of broadband access regulations has a negative impact on both NGA investment and

adoption.



with the rollout of first-generation networks, additional public subsidy programmes
seem to be necessary to realize the positive externalities of communications networks
(e.g. increasing efficiency and decreasing costs in other business sectors).7 In addition,
national governments and local municipalities consider high-speed broadband
infrastructure to be a necessity to increase the competitiveness of their countries and
regions and to attract international business (Falch & Henten 2010, p. 2). Finally, owing
to the economies of density, public subsidies will be particularly important for white
areas where NGA provision is unprofitable. For such — mainly rural — areas, public
subsidies are also to be expected, because otherwise a politically unacceptable gap to
urban areas (“digital divide”) would increase. Overall, the economic rationales for
subsidizing NGA deployment projects rest upon market structural characteristics,
macroeconomic reasoning® and equity motives and, thus, intervention is covered by

mainstream economics (Gomez-Barroso & Feijob, 2010, pp. 488-490).

7 OECD (2009) calculates that even slight spillover effects that accrue in major sectors of the economy
such as health, transport or energy are sufficient for justifying subsidies for nationwide NGA
deployment.

8 The recent economic downturn provided another good reason for national governments to consider
public subsidies for NGA networks. On one hand, the crisis impinges upon private investment
decisions and diminishes access to private capital; on the other hand, NGA deployment constitutes

innovative and reasonable investment options for governments (Bauer, 2010, p. 72).
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Public subsidies can be targeted towards either the demand or the supply side.s Direct
supply-side stimuli not only include non-refundable public funds or facilitated loans
but also PPPs, where national governments play a coordination and partial financing
role and where both types of partners contribute with certain comparative advantages.
Cooperating partners are usually telecommunications providers (across the value
chain), other public utilities (most notably, energy utilities), real estate developers and
public entities (municipalities, local authorities, the state). PPPs seem to be especially
attractive for the rollout of NGA networks, which require investments that are normally
beyond the scope of public subsidizing, as they would lead to sharing investment risks
among the partners involved (Cave & Martin, 2010, p. 3). PPPs can be implemented by
means of a purely contractual basis or by creating a new legal entity (Falch & Henten,
2010, p. 2). The most interventionist form of public funding is in terms of direct
infrastructural investment where the government owns parts of or the entire NGA

network.

2.3 Previous NGA funding practice

Table 1 provides an overview of the major NGA subsidy programmes with country-
specific information in columns 2 and 3. The focus is on some of the most prominent

and far-reaching subsidy programmes in Asia, the US and some of the fibre-leading

9 Demand stimuli are not considered in the remainder of this paper, although they might be an
important complementary instrument, but yet far from sufficient given the massive investments
required for a broad scale NGA rollout. According to Belloc et al. (2012), demand-side stimuli become

favourable at more advanced stages of the diffusion process.
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European countries.’> Column 1 contains a selection of countries® with FTTH/B
household penetration rates of »5% as of December 2011 (ranks in parentheses).:
Table 1 also includes the EU, which is the only multinational entity with its own funding
activities so far, as well as countries with low current FTTH/B penetration but with most
ambitious public subsidy programmes in per capita terms (AU and NZ). Table 1,
however, excludes some high-ranked countries where there are either no major NGA

public funding projects known or data are not available.:3

From Table 1, we infer that in several of the leading FTTH/B countries, major public
subsidies are already in place. Although volumes of public subsidies vary widely
among countries as regards absolute size, institutional design and temporal allocation,
they are, by all means, substantial in their total scope. When looking at the EU as a
whole, the European Commission approved €3.3 billion of public funds spent by

member states for high-speed broadband development projects from 2003 to 2010. In

10 These regions clearly represent the global “NGA hotspots” with 49.5 million FTTH/B subscribers in
Asia, 10.2 million subscribers in Europe (including Russia) and 7.3 million subscribers in the US. The
other regions represent fewer than 1 million FTTH/B subscribers (FTTH Council Europe, 2012b).

1 The two-letter country codes (CC) in column 1 (and below) follow the ISO standard.

22 Source: FTTH Council Europe (2012b).

13 Some of the most advanced fibre nations such as AE (55%/(2)) and TW (29%/(5)) have also
experienced massive public NGA rollout programmes but no information is available for the purposes
of comparison in Table 1. Among the global FTTH/B frontrunners, only a few nations such as HK
(45.5%/(3)) as well as a couple of Eastern European countries have shown massive growth without

any forms of (substantial) public funding initiatives.
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addition, the European Commission granted an additional €2.3 billion out of its own
funds from 2007 to 2010. The majority of these projects have been undertaken in the
form of PPPs to focus financial resources and to share risk. However, any public
financing of such projects must be in line with the EU principles of state aid control as
well as the specific broadband/NGA state aid guidelines (European Commission, 2009,
2012). Compliance with those rules ensures that public funding does not lead to an
overcompensation of the NGA provider, while equal access to the network is ensured

for competitors.

In order to limit the profits of subsidized NGA providers, public authorities use different
approaches. They may create competition upfront by making the public funding subject
to a competitive tendering process and/or impose an upper limit on realized profit.
According to EU state aid rules (European Commission, 2013, para 79 |; European
Commission, 2009, para 51 h), when public authorities use a claw-back rule on realized
profit, the NGA provider is only allowed to earn an average industry profit. Any realized

profit that goes beyond that benchmark has to be paid back.

14 See e.g. European Commission (2010c, para 38) on the monitoring and claw-back mechanism for
state aid to the German framework programme on duct support. In order to prevent the chosen
operators from obtaining an unreasonable profit in relation to the state support, the awarding
authority examines as a rule after five years whether demand for broadband services in the
subsidized area grew beyond the estimates given in the operator's bid. If there is an increase of
demand of more than 30%, the operator will calculate the respective turnover exceeding that 30%.
Any profit calculated on that turnover will be reimbursed to the awarding authority. Similarly, see

European Commission (2010d, para 27) on the claw-back mechanism for state aid to next-generation
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In all of the countries listed in Table 1, public subsidy programmes typically specify
quality characteristics in terms of bandwidth that has to be reached for a certain
percentage of the population (households) within a predefined timeframe. Quality
characteristics and deployment costs are always subject to some kind of contract
between funding and operating entities, irrespective of the type of public funding
programme at hand. In addition, in most cases public funding is to a greater or lesser
extent directly linked to close supply gaps in white areas. Exceptions (such as SG) are

very few and due to country-specific demographic and topographic conditions.

Finally, it is noteworthy that the NGA subsidies — and the related PPPs — are often
managed by public authorities at the regional or local level. While the national sector-
specific telecommunications regulator is inter alia responsible for setting the level of
access charges, NGA subsidies are implemented by regional or local governments. With
regard to the design of PPPs, it is generally the case that the private provider
constructs, owns and operates the NGA network. The ownership and network

operations are therefore bundled with the private provider.

broadband in North Yorkshire. The preferred bidder will pay back part of the state aid to the UK
authorities if demand for broadband in the target area grows beyond anticipated levels and this leads
to a situation where the support granted is deemed to be higher than the average of the industry
during the lifetime of the project. Any extra profit will be calculated annually and, at the end of the
lifetime of the project, the cumulative calculation will determine the amount of the funding to be paid

back.
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Table 1: NGA-specific subsidies and FTTH/B household penetration (selected countries)

ccC Description Specification
% Type of programme & costs Quality characteristics & targets
(Rank)
KR Government  builds an ultra-broadband | 100 Mbit/s for 14 million users until 2012;
57.8 convergence network in combination with PPPs | starting in 2012, government builds Gbit/s
(® networks in big cities

Total costs: €17 b Time frame: 2009—2013

Public subsidies: €1 b White areas: yes
JP Broadband network funded by the government, | FTTH/B high-speed broadband with 90%
45.5 but constructed by a private company in | coveragein 2010
(4) conjunction with a tender

Total costs: €59 b (full coverage) Time frame: 2009—2010

Public subsidies: €1.73 b White areas: yes
SG Government  establishes two  vertically | 95% coverage of households and offices until
8.1 separated operating companies in connection | 2012; national broadband network should
(14) with a public tender deploy FTTH to 100% of homes

Total costs: no estimates Time frame: 2009—2013

Public subsidies: €0,55 b White areas: no
us Programme to promote universal broadband | Different NGA technologies; 100 Mbit/s for
8.3 access by means of the direct funding of | 100 million users and at least one Gbit/s
(13) individual projects based on a tender connection to every municipality until 2020

Total costs: no estimates Time frame: 2010-2020

Public subsidies: €5 b White areas: yes

Source (KR; JP; SG; US): Doose et al. (2009, pp. 14-33, 27-29, 58)
EE Government plans to construct a nationwide | Provision of 100 Mbit/s coverage to 90% of
7.1 high-speed broadband network within a PPP the population by 2012, with the remainder
(17) to be connected by 2015

Total costs: no estimates Time frame: 2009—2016

Public subsidies: €0.06 b White areas: yes
SE Local governmental initiatives in deploying | FTTH, 100 Mbit/s with 40% coverage until
13.6 wholesale infrastructure in connection with | 2015; 90% coverage until 2020
®) municipality-owned utilities

Total costs: no estimates Time frame: 2010-2020

Public subsidies: €0.24 b White areas: yes
SL Public investment funds cover about 30% | To provide FTTH access in white spots
9.7 within PPPs based on a public tender
(10) Total costs: no estimates Time frame: 2008 to ongoing

Public subsidies: €0.04 b White areas: yes
PT Government provides line of credit, private | To provide 50% population coverage via
6.5 partners are cooperating via PPPs FTTH/C
(18) Total costs: no estimates Time frame: 2009—2029

Public subsidies: €0.8 b White areas: yes

Source (SE; SL; EE): Analysys Mason (2010), Falch & Henten (2010)
EU Public funding of individual projects subject to | Digital Agenda for Europe: 30 Mbit/s for
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broadband/NGA state aid guidelines 100% of households and 100 Mbit/s for 50%
Public subsidies by EU member states: €3.3b | Time frame: 2010-2020
EU structural funds: €2.3 b White areas: yes
Source: European Commission (2009, 2010a, 2011)
AU Government establishes new corporation, | Up to 100 Mbit/s for 90-93% of fibre to
«5 holds majority of shares during construction; | homes, workplaces and schools by 2018;
vertical separation and PPP wireless for remaining 7-10% with 12 Mbit/s
Total costs: €28.9 b Time frame: 2010-2018
Public subsidies: (at least) 50% White areas: yes
NZ Government establishes PPPs at local levels in | Up to 100 Mbit/s for 75% of population by
«5 connection with a tender procedure subject to | 2018
a vertical separation obligation
Total costs €1.6 b Time frame: 2010-2018
Public subsidies: (at least) 50% White areas: yes

Source (AU; NZ): Given (2010, p. 544)

3 Linear profit-sharing contracts for subsidizing NGA networks in the
presence of asymmetric information

From the empirical evidence on the real-world contracts for NGA deployment projects
(Table 1), two features seem to emerge: First, all public authorities fix ex ante the level
of NGA expansion and other quality parameters. One might infer from this practice that
public authorities assume that they are well informed about the cost and demand
parameters of NGA projects and thus they consider the inefficiency bias due to
asymmetric information as negligible. This assumption might be justified in view of the
cumulated experiences of the sector-specific regulation of first-generation
infrastructure for more than a decade now. However, owing to the specific risks and
uncertainties inherent in the migration towards second-generation NGA infrastructure
and future broadband services, the validity of such a line of reasoning seems to be
limited. Generally, regulators, let alone local and regional governments, always have

less information than private firms about the benefits and costs of deploying and
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operating (NGA) networks, which gets reinforced in view of the current transitional
process. In particular, there seems to be high information asymmetry about the level of
total capital costs, i.e. capital expenditure (CAPEX) at the project start and during
network expansion plus the cost of capital/required rate of return). Note that the risk
premium to be included in the cost of capital depends on a multitude of uncertainties
about wholesale and retail demand, cost conditions and technological progress and
regulatory and market dynamics. (European Commission (2010b, Appendix, section 6).
In particular, demand and willingness to pay for future NGA services seem to still be
highly uncertain for potential investors, and even more so for public authorities,s and
demand uncertainty thus constitutes a major source of the overall risk associated with
the NGA rollout (dot.econ, 2012, pp. 51-55). With increasing and non-systematic risks,
investors will require a higher expected return, which increases the costs of capital. The
latter, however, which is largely unknown by the public authority, is decisive for the
optimal network size. A small change in the required return on capital for the NGA
provider can have a significant impact on the decision of whether to build the network

(wik consult, 2008, para 21).

Second, the implemented claw-back rules apply profit caps, which leave all downside

risks to the NGA provider but limit its upside earning potential. This rule discriminates

15 See Weyl and Tirole (2012). The authors theoretically explore the best way to reward innovation by
examining different mechanisms such as patent protection in order to determine consumers’
willingness to pay for a certain project. In doing this, the authors also assume that firms are better

informed about consumers’ willingness to pay than the public authority.
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against riskier NGA projects that show more uncertain and variable returns but are
nevertheless socially desirable. Furthermore, a benchmarking of realized profits
compared with the industry average causes further verification costs and increases the
regulatory risk for the NGA provider because it is uncertain about what future profits to

expect.

In section 3.1, we set up the baseline model with complete information by the public
authority about capital costs. In section 3.2, we construct the optimal linear contract
under incomplete information about capital costs. Linear profit-sharing contracts are
not only easy to implement but also considered to be especially robust and therefore
suitable for situations that involve a high degree of uncertainty about future demand
and costs. Furthermore, the linear sharing of realized earnings does not discriminate
against riskier projects because the public authority not only receives a constant share

of the NGA provider’s profits but also participates in its losses in the same proportion.

3.1 The baseline model with complete information

We will analyze the public financing of an NGA network in a region where such a

network would not be commercially viable (white area). The public authority has

16 Linear contracts are considered to be more “robust” compared with non-linear contracts. Caillaud et
al. (1992) analyze the case when profits are influenced not only by the agent’s decision but also by
exogenous stochastic shocks. They show that the principal needs less information about the
distribution of the exogenous shocks when using contracts that are linear in realized profits.
Diamond (1998) shows that linear profit-sharing contracts achieve a higher level of welfare when the
agent has to decide on more than one variable (e.g. the size and quality characteristics of an NGA

network).
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nevertheless an interest to engage an NGA provider for its construction for the reasons

outlined in section 2.2.

Let us assume that e stands for the expansion level of the NGA network with o s e s 7. If
e = o0, the NGA network will not be built at all and if e = 7, the network covers the whole
region. The marginal social surplus that can be achieved from each further unit of
expansion is set to z. This surplus includes both the private users’ utility and the
positive external effects of the NGA rollout. To emphasize the importance of regional
cohesion (digital divide), each marginal increase in network coverage has the same

social value for the public authority.

The NGA provider expects to earn revenues R(e) = (r + £)e from private users. The
expected marginal revenue ris constant and o ¢ r«¢ 1 but uncertain, where £is a random
term with the expected value £(g) = o. Future demand and revenues are uncertain
because it is not known to which degree users will take up high-speed broadband
services. The construction of the NGA network causes capital costs in the amount of
C(e) = Bv(e) + .77 Assume that the capital cost parameter 8> o, Bv(o) = o, fv'(e) » o,
Bv) ¢« 1 and Bv~(e) » o. The random term y with the expected value £@) = o

represents exogenous cost risks that cannot be influenced by the NGA provider. The

7 To simplify the model, operating expenditure (OPEX, such as administration, personnel, right-of-way
costs, backhaul connection, network maintenance and troubleshooting or subscriber acquisition and
marketing) are set to zero. It seems to be reasonable to assume that the public authorities should
have good knowledge about the level of operating costs because those costs should not differ
significantly between NGA providers. Furthermore, realized OPEX can be reliably verified from the NGA

provider’s cost accounts.
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capital costs include CAPEX as well as the required rate of return that the private

investor expects from this project taking account of the demand and cost risks.:®

Besides revenues from private users, the NGA provider will receive a public transfer 7to
finance the capital costs that cannot be covered from these revenues. This gives the

following profit function:

@ U=R(e)+T -C(e)

The public authority includes in its welfare function Wthe benefits from NGA expansion
e, the expected expenditure re from consumers as well as its own expenditure 7. The
welfare function does not include the NGA provider's profit U because real-world
regulators do not want to allow any excess profits for the NGA provider beyond a
reimbursement of the incurred capital costs (see section 2.3). If the public authority
had complete knowledge about the capital costs, the optimal levels of network
expansion and transfer would be derived as follows subject to the constraint that the

NGA provider has to expect a non-negative profit U
) maTth:e—re—T
s.t. T+re—pv(e)>0

Accordingly, the necessary first-order condition for expansion is Bv’(e) = 1. The
marginal cost of network expansion must be equal to the marginal benefits of network

expansion. Let e*denote the solution to (2). The optimal transfer 7is then given by:

18 The required rate of return will depend on the refinancing costs of the NGA provider on the capital

markets (e.g. evaluated based on the Capital Asset Pricing Model).
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G T = pve*)-rex
Thus, the NGA provider is only reimbursed its expected losses from the expansion e*to

minimize the burden on the public budget.

3.2 Linear profit-sharing contract with incomplete information about capital
costs

The public authority and NGA provider sign a contract before the investment starts. The
contract grants a subsidy that increases with the level of network expansion and
imposes a sharing of the accounting profits that are realized by the NGA provider from
the operation of the constructed NGA network. This means that the public authority
receives a constant share of realized profits and takes up a similar share of realized

losses.

In the contracting stage, the public authority has incomplete information about the
NGA provider’s capital costs Bv(e). Whereas v(e) is assumed to be public knowledge,

the public authority has no precise knowledge about the type parameter £ but only

knows that the NGA provider is some type g € [ﬂﬁ] . The beliefs held by the public

authority are described by the continuous distribution F(B) with density #3) on the
interval E’E] with g>0and AB) » o for all B. As is generally the case, the NGA
provider’s capital costs also cannot be verified based on the published accounts.
Although certain capital cost items (e.g. amortization, depreciation, interest payments
on loans) are recorded in the accounts, the required rate of return on equity is neither
included in the accounts nor can it be verified in any other way (it remains private

company information). Furthermore, as explained in more detail in section 4.2,
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depreciation and amortization costs are often prone to accounting manipulations. To
make the contract robust against any accounting manipulations, the contract will only
depend on the EBITDA (= earnings before interest, tax, depreciation and amortization)
of the NGA provider, i.e. the operating profit as the difference between revenues and
operating costs. The contract can therefore be implemented based on readily available

and robust data (i.e. the level of network expansion eand accounting profit EBITDA).

The public authority grants a subsidy of (z - 7), i.e. the expected difference between the
marginal social surplus and marginal private revenue, for each further unit e of network
expansion. Thus, the NGA provider will earn — for a given expansion level of e — a total
income of e(z + &), that is the sum of the realized revenue R(e) = (r + £&)e and of the
public subsidy (7 - He. As operating costs are assumed to be zero, the accounting profit
EBITDA will equal the total income of e(z + &). Based on the realized EBITDA, the NGA
provider will have to pay taxes at a tax rate t € [ 0,1 ]. Furthermore, the public authority
imposes a lump-sum tax z on the NGA provider. Putting the public subsidy and tax
payments together, the public authority offers the following linear contract 7(e) to the

NGA provider:
) TE)=@Q-re—t(l+ee-z,

Under the given linear contract, the NGA provider has to solve the expansion level e

that maximizes its expected profit U

() max U=E(T(e))+re—pv(e)=[1-tle—z-pv(e)
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The NGA provider will chose its optimal network expansion such that the marginal

return after tax equals its marginal capital costs. The first-order condition is:
() @-t)=p'(e).
Given V"()> 0, the second-order condition for maximization is fulfilled.»

Denote the solution to the above programme with €(t, #). By invoking the envelope

theorem, the indirect profit function can thus be written as a function of the tax rate #
R 1-t - -
) U(t,p)=[é,p)@-1)-z
0

Define a total surplus S as the sum of the public authority’s welfare W and NGA

provider’s profit U. The surplus Sis then given by the function:

S(t, p)=¢é(t, p)- pu(elt. )
(8
As Lemma 1 shows, the tax rate #controls the expansion of the network. The lower the
tax rate, the higher is the NGA network expansion e. With a tax rate ¢ = 0, the NGA
provider is the residual claimant of any surplus and will therefore provide the first-best

expansion level e*as under complete information.2e With o ¢ ¢ ¢ 7, the NGA provider

receives a positive and constant fraction of any surplus from the network expansion.

19 As explained in section 3.1, the behaviour of the NGA provider is independent of the demand
uncertainty term £ and cost uncertainty term g under a linear contract. Knowledge of the distribution
of £and yis therefore not necessary to predict the behaviour of the NGA provider.

20 |t follows therefore from Lemma 1 that the optimal expansion level e* can be implemented under
incomplete information as long as the public authority is ready to leave a positive level of expected

profit Uto the NGA provider.
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Based on the tax rate ¢ the realized profit is shared ex post between the public
authority and NGA provider. With a tax rate # = 1, the NGA provider does not participate
in the surplus and will thus not invest in the network. Contrary to an ex ante mandated
network size by the public authority, the NGA provider will optimally adjust the
expansion level e to its capital costs. As shown in Lemma 1, a more efficient NGA
provider will expand further and achieve a higher rent as well as a higher surplus for

any given tax rate ¢ 1.

Lemma 1: Given 1 - £ o, the optimal expansion &(t, B), the profit U(t,ﬂ) as well as the

surplus S(t, B) decrease in the tax rate #and the type .

Proof: See Appendix.

The NGA provider will only enter into the contract given that it receives a non-negative
profit U(t, 8)>0. Lemma 1 showed that for a given contract, a more efficient type
achieves a higher rent. Given that the marginal surplus of network expansion is
positive at e = 0, even for the most inefficient type of NGA provider (i.e. 1—/_5'v’(0)> 0),
the public authority wants to undertake network expansion in any case. Thus, the
individual rationality constraint U(t, 2)>0 can only be binding for type . Denote the
optimal expansion of the most inefficient type with é(t):e(t,ﬁ). The lump-sum tax z*is
therefore set in such a way that no rent is left to the most inefficient type, i. e. lj(t,B)zo

, which gives — using the utility function (7) — the optimal lump-sum tax:

©) 2+ = [e(f)-T)
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With hidden cost information, the entire rent can thus only be extracted from the most
inefficient type. All other types will enjoy a positive rent. The difference
U B)-Uf, ﬂ_)(z U (t, ﬁ)) for g<p is commonly called information rent. The
information rent of any type f# can now be written — substituting the optimal lump-sum
tax (9) into (7) — as:

1 1t

(o) 6(t.6)= [aF,0-T)- [ea-T)

0 0

To find the optimal tax rate #* the public authority has to maximize the expected value

of its welfare function ((2) and using (8)) over all types of 3:

(17) max
t

S 5)-U (. p)]oF (8)

| |

By using (6), (8) and (10) and defining the expected network expansion as

O’é(t”g)dF(,B), the

= [é(t, #)dF () and the expected marginal tax reaction as & = P

I |
IR —

first-order condition can be expressed as:

(12) ~t& = (€ -¢)
Accordingly, the optimal tax rate must be set such that the NGA provider chooses an
expansion level at which the expected marginal gain in rent extraction (E—é) is equal

to the expected marginal loss in surplus (-t€,) from a further increase in network size.

If the public authority does not know the efficiency parameter 5, it will trade off the
gains from a further expansion against the extraction of information rent. Figure 1.a

shows the lump-sum tax z*(area A) and tax payment t€ that a type B will pay (area A.
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Remember that the lump-sum tax is optimally chosen such that when the NGA provider
is of type £, it will earn no rent. The public authority will be able to extract more rent in
the approximate magnitude of (€ —&)At from a type s<p if the tax rate is increased by
At. See area @ in Figure 1.b for the marginal gain in rent extraction for a single type
B<p . However, the public authority also loses surplus from the decreased network

expansion in the approximate magnitude of —t€ At. See area @ in Figure 1.b for the

loss in efficiency for a single type p< 4.

In the next proposition, it is shown that the optimal tax rate must lie between o and 1.
This states that a necessary condition for optimality is that ex post profit sharing takes
place. It is optimal to sacrifice network expansion for the reduction of information rent.
Under the optimal linear contract, any type — except the most inefficient one — will
enjoy a positive rent U. Any type will build a smaller network than the first-best

expansion e*(B).

Proposition 1: The optimal tax rate satisfies 73 *» o.

Proof: See Appendix.
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Figure 1.a: Tax payments for type 8 Figure 1.b: Effects of tax rate change for type 8

It is important to highlight that the optimal tax rate #*depends sensitively on the public
authority’s beliefs about the parameter 5. Depending on the characteristics on the
belief distribution FA(B), it will often be the case that higher uncertainty about the
capital costs will lead to a higher tax rate because the gains from rent extraction will
outweigh more easily the losses from a smaller network size. If the public authority has
more precise knowledge about the capital costs, the tax rate £ will be set at a lower

level and the lump-sum tax zcan be used to extract the NGA provider’s rent.2:

21 When setting the optimal tax rate in practice, it must be taken into account that the NGA provider will
already be subject to corporate tax. For example, if the NGA project-specific optimal tax rate #*was
lower than the general corporate tax rate £, it would effectively be necessary for the public authority
to pay a marginal subsidy #*- # for each further percentage of network expansion to reach the optimal

network size.
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4 Main results and policy implications

The results of the theoretical model call for three immediate changes in the practical

design of contracts for the public financing of NGA networks.

4.1 Endogenous determination of NGA coverage and quality characteristics

As the empirical evidence in section 2.3 showed, public authorities typically predefine
the relevant quality parameters of network expansion. However, such a top-down
approach is not efficient in the presence of asymmetric information about NGA
deployment costs. The theoretical analysis showed that the optimal contract delegates
the decision concerning the expansion level e2 to the much better informed NGA
provider. Public authorities must therefore refrain from determining themselves the
size and quality characteristics of NGA networks but rather design a contract that
contains the appropriate incentives for the provider to optimally deploy the NGA
network with regard to its social benefits and costs. The NGA provider must have the
flexibility to determine the network size based on its superior cost information and it

must be accordingly rewarded for its performance.

4.2 Linear profit sharing as a simple and robust claw-back mechanism

The public authority is confronted with a trade-off between maximizing network
coverage and minimizing total NGA project costs as well as the profits of the provider.

To save public funds, it is recommendable to share the realized profits ex post such

22 The decision variable e could equally be interpreted as the NGA network’s bandwidth level (Mbit/s).
Thus, the public authority would design a contract to leave the NGA provider the choice between the

different quality levels in terms of bandwidth technologies (FTTC/B/H).
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that the agent is also the residual claimant of the overall profitability of the project. In
this respect, linear profit-sharing contracts seem to be particularly attractive because

they are easily implementable at low information requirements.

Real-world examples of claw-back mechanisms (as cited in footnote 14) are complex
because they will only kick in if the provider realizes high profits because of, say,
higher than expected demand or better performance than the industry average. Thus,
the public authority has to monitor ex post the realization of several variables and
calculate the amount of profit that is deemed to be “excessive”. In practice, it will not
be easy to verify ex post whether the provider has performed better or worse than the
industry average. Such ex post benchmarking will at least incur costs for expert studies
or lead to lengthy legal proceedings subject to a high degree of asymmetric information

and unpredictable decisions.

On the contrary, the proposed linear profit sharing can be easily implemented. The tax
payment only depends on the EBITDA that the NGA provider records in its accounts. As
the tax payment is a constant share of the realized profit, the public authority does not
need to monitor any further exogenous variables (e.g. demand growth, cost trends and
industry-average profitability) to determine when profit sharing must kick in as with the

non-linear claw-back rules (footnote 14).

Moreover, as a linear sharing rule does not put an absolute cap on realized profit, the
NGA provider will always earn an additional profit from further investment. The linear
sharing rule offers better incentives and the NGA provider has more certainty about the

level of realized profit that it can expect. The emphasis on absolute caps for realized
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profits by real-world regulators (e.g. European Commission, 2013, para 79 i) therefore
seems to be misplaced because it only generates verification costs and increases the

regulatory risk for the NGA provider.

Finally, with a view to having a robust accounting measure for realized profit, the
contract has been based on the EBITDA. Contrary to the EBIT (= earnings before interest
and tax), it is less prone to accounting manipulations because the public authority
does not need to verify whether amortization and depreciation costs were correctly
recorded in the accounts. For example, an NGA provider that has vertically split its
operations (e.g. network construction business, wholesale operations and retailing)
into separate legal entities would be able to shift amortization and depreciation costs
between those entities by manipulating the transfer prices between them. If the EBIT
were used as a tax base, the public authority would need to additionally monitor those
transfer prices to verify that the recorded EBIT took proper account of amortization and

depreciation costs.23

Furthermore, as profit sharing is based on the EBITDA, the NGA provider remains the
residual claimant of any savings in capital costs and has no incentive to decrease its

efforts to control those costs.

23 |f amortization and depreciation expenses were verifiable accounting costs (e.g. the NGA provider
could not hide profits by invoicing higher than actually incurred CAPEX), tax could also be based on
the EBIT. In this case, let v(e) denote the publicly known amortization and depreciation costs and y
the rate of return on which the public authority has ex ante incomplete information. The profit

function (5) would then read as follows: U(e) = (z-t)(e-v(e))-z-yv(e).
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4.3 Menu of linear profit-sharing contracts at low information costs

The public authority will achieve a Pareto improvement if it offers an additional linear
profit-sharing contract — which has a higher lump-sum fee and a lower tax rate than the
original contract — to the NGA provider. Both the public authority and the NGA provider
will be better off if the NGA provider chooses the additional option because of a
reduction in the transfer 7and an increase in the NGA provider’s profit . Similar to the
literature on non-linear pricing, this menu will be called a Pareto-dominating menu of

contracts (Brown & Sibley, 1986, chapter 4).24

Note that the information requirements for the design of a Pareto-dominating menu of
contracts are very low. A Pareto-dominating menu can be constructed based only on
the public authority’s belief about the expansion level of the most efficient type under
the first contract. There is no need for further information about the properties of the
capital cost function Bv(e). The information requirements are thus much less
demanding than those for the design of an optimal single linear contract under

asymmetric information.

Lastly, to reduce information rent even further, the public authority could organize a

tender. The considerations on linear profit sharing can be fully carried over to the

24 See Laffont and Tirole (1993) for the design of an optimal linear contract menu in a different
regulatory setting. Miravete (2007) shows that depending on the shape of the distribution function
F(B), a linear contract or a simple menu with two options can achieve a significant share of
information rent (e.g. above 90%) for the public authority. Adding more options to the menu will only

yield minor additional gains.
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design of auctions: the public authority will not simply ask the bidders for the lowest
subsidy but choose from a menu of linear contracts with different pairs of marginal
subsidies (z - ) and average transfer payments (7/e). To win the tender, the most
efficient NGA provider will choose the contract with the highest marginal return (z - £)in

exchange for the lowest average transfer payments (7/e).

5 Further policy considerations

The foregoing section presented the advantages that directly follow from the proposed
NGA subsidy scheme. This section analyzes the scheme with regard to further criteria

and discusses possible reasons against the use of linear profit sharing.

5.1  Risk allocation

In the case that NGA providers are risk-averse, it would be useful to compare the
position of a provider in a black area without any subsidy with that of a provider in a
white area who benefits from the proposed NGA subsidy scheme. NGA providers in
black areas assume all exogenous demand and cost shocks. To achieve investment
neutrality and a level playing field between the two areas, a risk-averse NGA provider in
a white area should not benefit from a more favourable risk allocation compared with

NGA providers in a black area.

The realized profits of an operator in a black area will be subject to the general
corporate tax. The proposed profit-sharing contract can be expressed as a supplement
to or a deduction from the corporate tax. If £*» o, the provider will have to pay an

additional tax #* - #o» on realized profits or will receive a respective subsidy on losses
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compared with the general corporate tax to which a provider in a black area is

subject.2s

In the case of #* » for, the proposed NGA subsidy scheme provides an additional
hedging of downward risk, which may be appealing to risk-averse providers. However,
public authorities may dislike these additional loss coverage through public funds —in
particular with #* significantly higher than #o» — in times of scarce public funds. The
NGA provider would also have to pay an appropriate risk premium to the public

authority.

A full analysis of risk allocation would need to take account of the risk preferences of
the NGA provider and public authority (e.g. a budget-constrained local public authority
may be more risk-averse than a private NGA provider) as well as the differences in

exogenous demand and costs risks between black and white areas.

5.2 Incentives for moral hazard by the NGA provider

To discuss incentives for moral hazard, it should be recalled that profit sharing is

based on the realized EBITDA. This means that while increases in accounted operating

25 For the definition of o, it must be taken into account that the corporate tax rate is calculated based
on the EBIT and not the EBITDA and a comparison must be made with regard to the same tax base.
Furthermore, with regard to the treatment of losses in the general corporate tax, these losses will only
reduce the tax burden in later periods when profits will again be earned and the carried-forward
losses can be deducted from the tax bill. The implicit subsidy may therefore be higher depending on

the interest rate and possibility of fully offsetting losses against future profits.
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costs will reduce the EBITDA, increases in accounted capital costs will leave the EBITDA

unchanged.

If £*is unequal to #o», an NGA provider that operates in both white and black areas will
have an incentive to shift overhead costs for the operations of NGA networks to the
area with the effectively lower tax rate. Additional verifications of accounts may
therefore become necessary but it should be difficult to justify differing allocations of
operating costs. However, some additional verification costs may be necessary

compared with a subsidy scheme without profit sharing.

With regard to capital costs, it has already been explained in section 4.2 that the
provider will have no incentive to inflate capital costs through accounting

manipulations or cost overruns because profit sharing is based on the EBITDA.2¢

5.3 Political economy

The main benefit of the proposed NGA subsidy scheme lies in its higher efficiency with
regard to the use of public funds. However, in the case that subsidies are managed at
local and regional levels but co-financed by national or supra-national funds, local
politicians may have an incentive to argue for an ex-ante fixed rollout target and be less
concerned about savings in public funds. As savings in public funds will benefit not
only the local budget but also the regional or national budgets, such savings may be of
less concern to the local electorate. In addition, there could be an aspect of a subsidy

race between the different regions, which may trump the savings in public funds. The

26 Only in the case that #* ¢ #o» would the NGA provider have an incentive to shift costs from white area

to black area accounts.
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local electorate may respect that more public funds have been secured for their region.
Finally, a fixed target promising high-speed broadband for all areas and households is
much more attractive to communicate than contracts based on more subtle efficiency
considerations. This also allows clear communication to the local electorate and

enables local politicians to show that they have fulfilled their promised targets.

6 Summary and final remarks

Our analysis, which connects recent studies of public financing and investment of new
communications infrastructure with the traditional literature on regulatory theory under
asymmetric information, presented in detail the inefficiencies involved in the previous
practice of NGA subsidy programmes. The analysis indicates that these inefficiencies
will depend on the extent of asymmetric information. Compared with simple linear
profit-sharing contracts, it is not optimal that the public authority mandates an NGA
deployment project of a certain size or quality given its asymmetric information on
capital costs. However, it must be noted that the European Commission (2012) now
puts more emphasis on efficiency incentives for public service contracts, as in its new
Framework on state aid for the compensation for public service obligations, it requires
that public authorities include efficiency incentives when granting state aid to large
public service providers. The proposed linear profit-sharing contracts are good
examples of how to put better efficiency incentives into practice but at the same time
still limit the burden on the public budget. It should be hoped that more innovative

contracts will accordingly be implemented.
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This analysis was subject to the basic premise that public subsidies for NGA
deployment are necessary and socially desirable. However, funding and cooperation
has become more complex in the case of second-generation networks, as any
subsidies also involve the risk of distorting already established competitive market
developments based on first-generation infrastructure as well as ex ante investment
incentives. Public funds should crowd in but not crowd out any private NGA investment.
Accordingly, public subsidies should not be on the funding agenda for black areas. For
grey areas, with one network already in place, government intervention should be
feasible only in exceptional cases, since there is a high risk of market distortions in

such situations (European Commission, 2013).

Given these warnings in terms of the relevant safeguards for competition and in view of
the basic result of our analysis and the related theoretical literature (Jullien et al.,
2010), one should opt for a narrowly defined role for governments in subsidizing NGA
projects. The efficient amount of government intervention should be determined
endogenously in response to actual costs and demand and be restricted to white areas

only.
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Appendix

Proof of Lemma 1: The first-order condition (6) evaluated at the optimal expansion

&(t, #) and differentiated with respect to #gives —1— ﬁv"(.)g =0.

1-t
From this, it follows that §<O. Differentiating L](t,/)’):jé(f,ﬂ)d(l—f)—z with

0

A

respect to ¢ gives %:—é(t,ﬂ)éo. Differentiating  S(t, 8)=é(t, 8)-V(é(t, 5)) with

A

7S] %3
respect to fgives — =(1-p4v')—<0.
p gives — ( ﬂv)ﬁ

This is because from the first-order condition the marginal costs of expansion ﬂ\/'(é(.))

are equal to (1—t)sl. The proof is similar for the comparative statics in relation to type

B.Q.E.D.

Proof of Proposition 1: By using (8) and (10), (11) can be rewritten as

(13) max @ =

> |

(&, B) - Pu(E(t, B)- (Té(ti pH@a-1)- Té(f)d (- f)ﬂdF(ﬁ)

0 0

The first-order condition with respect to the tax rate reads as follows, using

(1-t)=pv'(e) from (6):

(14)

IR |

[t%ﬁé—é)}dF(ﬂ):O
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(@ With t=1, the NGA provider will not build any network. The value of the welfare

function ¢ = [é(l,ﬁ)_ﬁ(l,ﬂ)]d;:(ﬂ) thus equals zero. With any tax rate 1>t >0, welfare

D |

w is greater than zero.

(b) By using the definitions for average network expansion and marginal tax reaction,

(14) simplifies to (12). Evaluated at t=0, the derivative do =(8-€)>0. Average
t=0

I . e 23
expansion is greater than the expansion by the most inefficient type because ﬁ_ﬂ<0

from Lemma 1. Q.E.D.

Proof of Proposition 2: (a) It is established that there exist types g who accept the

contract T,(e). A type 8 will choose contract T, (e) given that U(T,, 8)-U(T,, 8)>0.

This is equivalent to writing that the change in the profit resulting from the change in

the tax rate must be at least equal to the change in the lump-sum tax,

1-t,

J-é(F!ﬂ)d(l_F) e (tl _tz)gl'

1t

For the most efficient type, the left-hand side is strictly greater than the right-hand side.
The right-hand side is positive because it represents the change in the utility resulting
from the change in the tax rate for e, units of expansion. From Lemma 1, it is known
that the rent is decreasing in the tax rate. Therefore, the left-hand side is also positive.
Furthermore, it is known from Lemma 1 that the NGA provider will supply a higher
expansion at the lower tax rate t,. Remember that by definition the NGA provider’s

expansion efforts with the higher tax rate t, is equal to the expansion level ge,. The left-
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hand side is therefore greater than the right-hand side by the surplus achieved by the

higher network expansion with the contract T,(e) than e, units with the contract T,(e).

(b) It is now shown that the contract T,(e) leads to a reduced amount of 7. Let & and T,
denote the expansion level and transfer under the respective contract /. It must be that

T, >T,, which is equivalent to (t, —t, Je, > 1,6, —t,é,.

This expression is fulfilled as long as the tax imposed on the network expansion
increases or at least does not decrease by more than the increase in the lump-sum fee

z. The foregoing expression can be rearranged — by using &, =€ +(é, —€,) - to

_(tl _tZ)(gl _é1)<t2(é2 _é1)°

As it is known from Lemma 1 that §<0, it follows that the right-hand side is positive.

The left-hand side is zero for the most efficient type because of the definition

| D
I

1l
D>

(t ,,b’). It is negative for any other type because é<O as known from Lemma 1.
iV é’ﬂ
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