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A B S T R A C T

We provide a model of local railway passengers service able to account for the main specific characteristics of
the sector under vertical separation. Afterwards, we use this model to carry out both a normative analysis of
the operators’ investment decisions and an assessment of the welfare effects of simple regulatory instruments.
We show that, because of the information asymmetry of train operating company about the productivity of
the infrastructure manager, the introduction of a regulatory instrument inducing the former to internalize the
effect of her investment on the latter’s cost of providing access may be welfare reducing.
1. Introduction

European railway transport is experiencing a long-lasting crisis in
many respects. The companies operating in this sector are among the
most subsidized public utilities and, compared with other transport
modes, the market share is still low in most countries.2

Following what happened to other network industries, also in rail-
ways the unbundling between network management and service opera-
tion has been pursued in several national experiences as well as by the
EU regulatory framework (Nash, 2008; European Commission, 1991,
2012). In fact, vertical separation is often considered a necessary step
to foster competition in the downstream segment of any public utility
industry that requires network infrastructure as an essential input.3

As in other network utilities, and given that the EU regulatory
framework does not constrain member states to a particular model,
more than one organizational model can go under the label of vertical
separation. Among the organizational models of the railway system

∗ Corresponding author.
E-mail address: antonio.sciala@uniroma3.it (A. Scialà).

1 We would like to thank two anonymous referees for valuable comments.
2 See, Pflieger (2014), Arrigo and Di Foggia (2013a,b), European Commission (2016).
3 For a comprehensive view across sector see Newbery (2002). For the railway sector see Friebel et al. (2010).
4 On this point see also Laurino et al. (2015), Mizutani et al. (2015).
5 According to Nash (2008) the ‘‘complete separation’’ model was introduced for the first time in 1989 in Sweden, but it had been pushed to its higher level of

disaggregation in UK after the privatization of UK railways. The ‘‘holding’’ model knew its first application in Germany, and it is also applied in other countries
like Italy and France.

6 Among the other contributions that claim a negative effect of vertical separation on industry costs see Jensen and Stelling (2007) and Growitsch and Wetzel
(2009).

identified by the specialized literature, two have found greater applica-
tion (Nash, 2008)4: the ‘‘complete separation’’ model and the ‘‘holding’’
model.

Very briefly, in the first model, the Infrastructure Manager (here-
after IM) cannot be involved in the operation of the service, while
the Train Operating Company (hereafter TOC) cannot absolutely be
involved in the management of the infrastructure. In the second model,
the IM and the TOC belong to the same holding company but have
completely separate functions.5 Between these two somehow ‘‘extreme’’
models, we can observe a variety of hybrid systems, where differences
are also present with respect to the public or private ownership of the
operators.

On the empirical ground there is still debate about the costs and
benefits of vertical separation as well as the conditions under which
vertical separation should be preferred to vertical integration (Smith
et al., 2018). Gathon and Pestieau (1995) and Cantos et al. (1999) are
among the first studies to predict a positive impact of those reforms
introducing vertical separation in railway industry as part of a reform
package aimed at liberalizing the market. On the other hand, in a
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more recent study (Araújo, 2011), shows that in OECD countries costs
have increased between 20% and 40% per cent because of the vertical
separation of railway systems.6

From this brief summary of the literature on vertical separation in
he railway industry, it emerges that one still much debated issue is
hat may be the sources of the lack of efficiency that might emerge
hen the system moves away from vertical integration. To the best of
ur knowledge, until now this problem has not been fully investigated
y economic literature through theoretical analysis.

Transportation economics has devoted attention to this issue, high-
ighting the role of some sector-specific characteristics. In an influential
eport on the effects of railways privatization in the UK, McNulty
2011)7 assigns a major role to the misalignment of incentives stem-

ming from the special technological relationship between the state
of the rolling stock and the state of the infrastructure, and thereby
between the investments in rolling stock maintenance undertaken by
the TOC and the investments in the maintenance of the infrastructure
undertaken by the IM. This factor has been further investigated by
several contributions which agree on claiming that, in the railway
industry, misalignment costs contribute considerably more than other
transaction costs to the inefficiency of vertical separated systems, and
suggest that in vertically separated railways this aspect should be taken
into account in the choice and design of regulatory instruments.8

The aim of this paper is twofold. First, we intend to provide a
tylized theoretical model of local railway passengers service which
s able to account for the main specific characteristics of the sector,
nd in particular for the interactions between operators’ decisions on
aintenance investment under vertical separation. Second, we will use

his theoretical framework to carry out both a normative analysis of the
perators’ decisions on maintenance investment and an assessment of
he welfare effects of simple regulatory instruments.

We place our analysis in the vertical separation case, since the ef-
iciency consequences of incentive misalignment are magnified. More-
ver, we think this is particularly appropriate in the case of regional
ailway transport, where in most cases the local TOCs exploit a national
nfrastructure (managed by a national IM) which is often shared with
ational TOCs.9

Our assumptions about the ownership of the IM and the TOC
im to develop the analysis in a scenario where the efficiency conse-
uences of incentive misalignment are exacerbated, and where neces-
ary, analytical tractability is preserved. Let us discuss further on this
oint.

As we focus on local passenger service, also the Public Local Au-
hority (hereafter PLA) is involved in the analysis. In principle, she can
ither just be the franchiser of the service, or she can have a more active
ole as owner of the TOC. We consider the extreme case in which the
OC is owned and totally managed by the PLA that maximizes local
elfare. It is worth noting that our results would hold a fortiori if we
ssumed a private TOC franchised by the PLA, since the information
mperfections would be stronger than under our assumption.

We instead assume that the IM is a national private company. Note
hat if we assumed that the IM were a state owned enterprise which
aximizes social welfare, it would implement the socially optimal level

f investment in infrastructure maintenance and the TOC would get

7 For a more updated review see Laurino et al. (2015).
8 See, among others, Van de Velde et al. (2012), Merkert et al. (2012),

mith and Nash (2014), Mizutani et al. (2015), Andersson and Hultén (2016).
9 Recent contributions have shown that from a cost saving perspective

ertical separation is preferable to vertical integration when train density is
ufficiently low (Mizutani and Uranishi, 2013). Placing our analysis in the
ertical separation case, amounts to implicitly assume that in our framework
rain density belongs exactly in that range where vertical separation is advan-
ageous. This permits us to mildly neglect possible effects of train density on
perators’ decisions on investment in maintenance, which in our framework
s their choice variable.
2

perfect knowledge about the level of IM’s investment, so that one source
of inefficiency would disappear.10

We think that, given the specificities of railway industry, an ad
hoc theoretical framework is needed. In particular, in our model we
emphasize the crucial role of investment in rolling stock maintenance.
As in other network utilities (e.g. telecommunications and electricity),
also in the railway sector the state of the infrastructure has a relevant
role, in that it affects both the IM’s cost of providing access and, along
with the state of the rolling stock, several quality aspects of the service
(e.g. punctuality, comfort, safety, any discomfort caused by possible
damage either to the infrastructure or to the rolling stock, etc.), which
in turn affect service demand. However, an important characteristic
that distinguishes railways from other network utilities is that the
quality of the infrastructure is not only affected by the IM’s investment
in the maintenance of the infrastructure, but also by the state of the
rolling stock, and thus by the investment in maintenance undertaken
by the TOC: well-maintained trains cause less wear and tear of the
infrastructure than poorly-maintained ones, and thus lead to a better
state of the infrastructure.11 Our model accounts for this peculiarity.

This characteristic has two important consequences for the effects
of the TOC’s investment in rolling stock maintenance. First, the TOC’s
investment in maintenance enhances the quality of the service both
directly through the improvement of the rolling stock, and indirectly
through the improvement of the infrastructure; second and more impor-
tantly, it contributes with the IM’s maintenance investment to reducing
the IM’s cost of providing access. In other words the TOC’s investment
in rolling stock maintenance generates a positive externality on the IM’s
cost of providing access and hence on his profit. Because of vertical
separation, the TOC does not take into account this latter effect and
thus tends to underinvest in rolling stock maintenance with respect to
the socially optimal level.

Another important feature differentiating railways from other net-
work utilities which is allowed for by our model is the fact that the
revenues raised by the IM by selling access to the network are related
to the number of trains employed by the TOC to operate the service,
and are thus very weakly related to the final demand expressed in
terms of number of passengers (Araújo, 2011). However, through the
state of the infrastructure, IM’s investment affects the quality of the
service and hence its demand. In other words, the IM’s investment
in infrastructure maintenance generates a positive externality on local
welfare. Again, because of vertical separation, the unbundled IM does
not take into account this latter effect, which leads to underinvestment
in infrastructure maintenance with respect to the socially optimal level.

Finally, a further peculiar characteristic of the railway industry
which is considered by our model is that, because of the dependence
of local welfare on the IM’s investment in infrastructure maintenance,
the asymmetric information that the TOC has on the productivity of the
IM’s investment affects her own investment decisions.12

10 It should be noted that, especially in Europe, there is the idea that since
in a vertical separation scenario the IM should care that fair competition
among TOCs is assured, it would be more appropriate for IM to be a state-
owned company. However, it should be noted that according to a Public
choice approach to the modelling of the public managers’ behaviour the
management of the state-owned IM would choose the level of investment in
infrastructure maintenance which maximizes his private utility, rather than
social welfare (Mueller, 2003). This situation resembles the one of a private
profit maximizing IM assumed in our analysis.

11 On this point see, Marschnig (2016), Smith et al. (2017), Lundén and
Paulsson (2009).

12 It is worth pointing out that while the informational advantage of the
IM on the value of his productivity with respect to both the regulator and
the downstream operators is common to all regulated industries, for other
regulated industries this information is much less relevant than in railway for
the downstream operators’ decisions about the investment in maintenance of
their devices.
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As for the regulatory framework, we assume that both the private
national IM and the TOC are subject to regulation by a National
Regulatory Authority (hereafter, NRA) that maximizes social welfare.
We consider two regulatory instruments which are widely used by
NRAs in many national contexts: the imposition of a lower boundary
on the state of the infrastructure along with penalties due by the
IM in case of violation, and the setting of the access price. Albeit
unable to completely eliminate inefficiency, when compared to optimal
regulatory mechanisms these instruments have the advantage of being
easily manageable by a NRA and of having parsimonious informational
requirements.13 Our theoretical analysis will show that, because of this
asymmetry of information of TOC about the productivity of the IM’s
investment, the introduction of a regulatory instrument inducing the
TOC to internalize the effect of her investment on the IM’s cost of
providing access may reduce social welfare.

The paper is organized as follows. Section 2 presents a model of
regional rail transport. In Section 3 we determine the IM’s and TOC’s
socially optimal investments. Section 4.1 introduces the regulatory
framework and the timing of the model. In Section 4.2 the conse-
quences of regulating the IM are analysed. In Sections 4.3 and 4.4 the
cases of unregulated and regulated TOC are examined, along with the
relative welfare analyses. Section 5 concludes.

2. A stylized model of regional rail transport

We consider a very stylized model of regional rail transport regu-
lated by a NRA.14 The rail industry consists of three operators:

(1) A national private IM, which provides access to the network and
is in charge of the maintenance of the national infrastructure.

(2) A local TOC, which operates the regional service and is in charge
of the maintenance of the rolling stock.

(3) A benevolent PLA, which owns the TOC.
We assume that the IM and the TOC are vertically separated oper-

ators.
Although it is organized as a separate body with its own balance

sheet, we assume that the TOC is totally controlled by the PLA which
is responsible for the TOC’s investment and financing decisions.

We consider a regional railway of a given length (e.g. 1 km) on
which an exogenously given number of trains 𝑛 operate.15 The state of
the rolling stock 𝑤 is described by the following function:

𝑤(𝑒;ℎ) = 𝑟0 + ℎ𝑒,

ℎ = ℎ, ℎ ; ℎ > ℎ

where 𝑟0 is an exogenous parameter which denotes the initial state
of the rolling stock, i.e. when there is no maintenance investment: a
higher value of 𝑟0 indicates a better state of the rolling stock; 𝑒 is
the investment in rolling stock maintenance undertaken by the TOC;
ℎ denotes the marginal productivity of the TOC’s investment in the
maintenance of the rolling stock: the higher the value of ℎ, the greater
the improvement of the state of the rolling stock for any marginal

13 See Laffont and Tirole (1993).
14 Although our model is tailored on the characteristics of the regional
ailway service, it is inspired to the broader modelling approach proposed
n Chapter 5 of Laffont and Tirole (1993). For a more general view on the
ew economics of regulation see Laffont (1994). For an insightful economic
nalysis of utilities privatization in UK, with the lenses of the economics of
egulation see Armstrong et al. (1994).
15 Given the purposes of this paper the latter appears to be a mild as-
umption. The fact that variations in the number of trains running on the
etwork have small impact on maintenance activities is empirically supported
y Johansson and Nilsson (2004).
3

r

increase in the TOC’s investment.16 We assume that ℎ reflects the
echnology needed for the maintenance of the rolling stock, given its
pecific technical characteristics; this information is private knowledge
f the TOC, thereby of the PLA that owns the TOC.17

The state of the infrastructure, denoted by 𝑖, depends on three
lements: (i) its initial state 𝑖0, i.e. the state of the infrastructure
hen there is no IM maintenance investment: the higher 𝑖0, the better

he initial conditions of the infrastructure; (ii) the IM’s investment
n infrastructure maintenance, denoted by 𝑚; (iii) the wear and tear
aused by the running of the rolling stock, which depends on its state:
he better the state of the rolling stock (i.e. the higher the value of 𝑤),
he lower the wear and tear of the infrastructure. We describe the state
f the infrastructure with the following linear form:

(𝑚;ℎ, 𝑘) = 𝑖0 + 𝑘𝑚 +𝑤(𝑒;ℎ) =

𝑖0 + 𝑘𝑚 + 𝑟0 + ℎ𝑒

𝑘 = 𝑘, 𝑘 ; 𝑘 > 𝑘

where 𝑘 denotes the marginal productivity of the IM’s investment in
he maintenance of the infrastructure: the higher the value of 𝑘, the
reater the marginal improvement of the state of the network for each
arginal increase in maintenance investment. We assume that 𝑘 re-

lects the technology needed for the maintenance of the local network,
iven its specific characteristics that are related to hydrogeological and
orphological conditions (e.g. hilliness, altitude, rainfall, etc.); this

nformation is IM’s private knowledge.
For the sake of simplicity, from hereafter, we normalize to zero

oth the initial state of the rolling stock 𝑟0 and the initial state of
he infrastructure 𝑖0. These assumptions do not affect the results of the

paper. The state of the rolling stock and of the state of the infrastructure
are redifined as follows:

𝑤(𝑒;ℎ) = ℎ𝑒 (1)
𝑖(𝑚;ℎ, 𝑘) = 𝑘𝑚 + ℎ𝑒 (2)

𝑘 = 𝑘, 𝑘 and ℎ = ℎ, ℎ

We shall now introduce 𝑄, a function that summarizes various
quality dimensions of the service (e.g. punctuality, comfort, safety, any
discomfort caused by possible damages to the infrastructure and the
rolling stock, etc.): the higher the value of 𝑄, the higher the overall
quality of the service. While the state of the infrastructure affects
mainly those quality aspects related to safety, the comfort of the service
is prevalently affected by the state of the rolling stock. A lower value
of 𝑤 indicates a poorer state of the rolling stock that may lead to a
higher probability of rolling stock damages (for example, passenger
discomfort due to delay or any other kind of trouble arising in case of
train disruption). We assume that the quality of the service is a linear
function of the state of the infrastructure and the state of the rolling
stock. Therefore, 𝑄 takes the following form:

𝑄 = 𝛽𝑖(𝑚;ℎ, 𝑘) +𝑤(𝑒;ℎ) = (3)
𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒

𝜕𝑄
𝑚

= 𝛽𝑘; 𝜕𝑄
𝜕𝑒

= (1 + 𝛽)ℎ, 𝛽 ∈ (0, 1]

𝜕𝑄
𝜕𝑒

> 𝜕𝑄
𝑚

for ℎ ⩾ 𝛽𝑘
1 + 𝛽

Note that, as the state of the rolling stock has a more pervasive role,
its betterment would generate two effects on the quality of the service: a

16 We are aware that our modelling of investment in both rolling stock and
infrastructure maintenance is very basic and tailored on the aims of the paper.
Nonetheless, we think that it is able to capture the technological characteristics
of railway industry discussed in the Introduction of the paper and relevant for
the aim of the paper.

17 Note that, although the PLA is a public body, it has still incentive
to strategically exploit her informational advantage on ℎ so as to increase

esidents’ welfare at the expenses of overall efficiency.
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direct (equivalent) effect and an indirect effect measured by parameter
𝛽 through the wear and tear of the infrastructure. Consequently rolling
stock maintenance investment turns out to be more valuable for the
quality of the service than infrastructure maintenance investment, even
for a range of values of the TOC’s investment productivity ℎ lower
than the value of the IM’s investment productivity 𝑘 (i.e. in the range
ℎ𝜖

[

𝛽𝑘
(1+𝛽) , 𝑘

]

).18

Finally, we assume that the quality of the service affects the demand
or the final service 𝑦, which takes the following linear form:

𝑦 = 𝜃 +𝑄(𝑒, 𝑚;ℎ, 𝑘) − 𝑝 =

𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 𝑝 (4)
𝜕𝑦
𝜕𝑚

= 𝛽𝑘;
𝜕𝑦
𝜕𝑒

= (1 + 𝛽)ℎ

here 𝜃 is an exogenous preference parameter and 𝑝 is the price of a
single journey.19 The operators’ investments, by increasing the quality
of the service, lead to a higher demand for the service.20 Moreover,
concerning the effects of a marginal increase in the TOC’s and the
IM’s maintenance investment on demand, the same considerations
formulated for quality 𝑄 hold.21

2.1. Operators’ objective functions

2.1.1. The infrastructure manager’s profit function
The IM gains revenues by selling the TOC access to the network for

each train employed to run the service; since we have assumed that
the number of trains is fixed, access revenues do not depend on service
demand (i.e. the number of passengers).22 The IM’s revenues are given
by the access price, which is denoted by 𝑝𝑎, paid by the TOC for each
train it employs for running the service. The IM incurs two kinds of cost:
the cost of maintenance investment, which is a convex function 𝑚2∕2,
and the cost of providing access to each train, denoted by 𝑐𝑎. We assume
that the latter is inversely related to the state of the infrastructure: the
better the infrastructure conditions are, the lower the cost of providing
access is. Taking (2) into account, 𝑐𝑎 is expressed by the following linear
form:

𝑐𝑎 = 𝑐0 − 𝑘𝑚 − ℎ𝑒 (5)
𝑐0 ⩾ 𝑘𝑚 + ℎ𝑒

where 𝑐0 is a fixed component which accounts for those kind of ac-
tivities that are independent from the characteristics of the rolling
stock (e.g. operation of signalling devices, monitoring devices, presence
of support workers, etc.). Both the direct investment in infrastructure
maintenance undertaken by the IM and the investment in rolling stock
maintenance undertaken by the TOC contribute to a reduction in the

18 Let us point out that in Eq. (3) we have assumed 𝛽 ∈ (0, 1], so that
the case 𝛽 = 1 is included in our model (i.e. rolling stock maintenance and
infrastructure investment contribute to the same extent to service quality). As
it will be clearer later in the paper, we have introduced the parameter 𝛽 just
as a modelling device for tracking the double effect on service quality of an
increase in rolling stock maintenance, since the latter affects also the state of
the infrastructure.

19 It should be noted that, since we assume that the number of trains 𝑛
employed for running the service is exogenously given, this implies that there
is a service capacity constraint given by the number of passengers that can be
taken on the set of available trains. We assume that 𝑦 is always below this
maximum capacity.

20 On the other way round, if we consider the inverse demand function,
operators’ investment in maintenance by increasing the quality of the service
will increase customers’ willingness to pay.

21 See, Eq. (3) and the relative comments.
22 As we have already pointed out in the Introduction, this assumption is

based on a well-known characteristic of the railway industry with vertical
separation, according to which the revenues from access to the network
collected by the IM are very weakly related to the final demand (Araújo, 2011).
4

access cost. As already pointed out, this last effect is explained by the
reduction in the wear and tear of the network arising from a better
state of the rolling stock. We assume that the operators’ maintenance
investments cannot turn the access cost negative.

The IM’s profit is given by:

𝛱𝐼𝑀 = (𝑝𝑎 − 𝑐0 + 𝑘𝑚 + ℎ𝑒)𝑛 − 𝑚2

2
For the sake of simplicity 𝑛 = 1 is assumed in the rest of the paper.23

Therefore, IM’s profit is eventually given by:

𝛱𝐼𝑀 = 𝑝𝑎 − 𝑐0 + 𝑘𝑚 + ℎ𝑒 − 𝑚2

2
(6)

2.1.2. The train operating company’s profit function
The TOC gains revenues from the tickets purchased by passengers,

which can be expressed, taking (4) into account, by

𝑅𝑇𝑂𝐶 = [𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 𝑝]𝑝

As shown in (4), by improving the quality of the service, the
operators’ investments boost the demand for it, which in turn, increases
the TOC’s revenues. The TOC incurs two kinds of cost: the access charge
𝑝𝑎 paid to the IM for each train employed in the running of the service,
and the cost of investment, which is a convex function 𝑒2∕2. Therefore,
the TOC’s profit is given by

𝛱𝑇𝑂𝐶 = [𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 𝑝]𝑝 − 𝑝𝑎 −
𝑒2

2
(7)

2.1.3. The public local authority’s objective function
We assume that the PLA finances the TOC through two instruments:

the price of tickets and a local public subsidy, 𝑔. Therefore, the TOC’s
otal gains are given by
𝑇𝑂𝐶 + 𝑔

The local public subsidy is raised through distortionary taxation;
his means that each euro of tax paid by local taxpayers involves an
dditional cost in terms of loss of efficiency; this additional cost is
enoted by a parameter 𝜆. As a consequence, for each euro of public
ubsidy there are both an equivalent gain for the TOC and a cost of
+ 𝜆 for local taxpayers, where 𝜆 measures the marginal social cost of
ublic funds.24

The PLA’s objective function is the local social welfare given by the
um of the net consumer’s surplus and the TOC’s profit minus the social
ost of public funds (1 + 𝜆)𝑔 incurred by local taxpayers. The private
ains of the national IM are not included in the local welfare function,
ince they are external to the local community.25

Given the linear demand function (4) the net consumer’s surplus 𝐶𝑆
s defined as

𝑆 = 1
2
[𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 𝑝]2 (8)

Therefore, the PLA’s local social welfare function, 𝑊 𝑃𝐿𝐴, is given
y
𝑃𝐿𝐴 = 𝐶𝑆 +𝛱𝑇𝑂𝐶 + 𝑔 − (1 + 𝜆)𝑔 =

𝐶𝑆 +𝛱𝑇𝑂𝐶 − 𝜆𝑔 (9)

23 Note that, since the focus of the paper is on operators’ investment in
maintenance choice, and since we are not interested in determining the
optimal number of train running on the track, this assumption is without loss
of generality.

24 Notice that we are implicitly assuming that the marginal social cost of
local and national taxes is the same. This implies that the marginal social cost
of public funds is the same whether the subsidy is directly financed by the
PLA through local taxation, or if it is a fiscal transfer from central to local
government financed through national tax revenue.

25 The modelling of the PLA’s behaviour is perfectly consistent with the
traditional theory of fiscal federalism pioneered by Oates (1972).
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3. Benchmark

In order to set a benchmark for the normative analysis carried out in
the next sections, we firstly consider welfare maximization by a benev-
olent social planner who is perfectly informed about the productivity of
both the IM’s and the TOC’s investments (𝑘 and ℎ respectively). Social
welfare is given by the sum of net consumers surplus, TOC’s profit,
and IM’s profit minus subsidy 𝑔 weighted by the marginal social cost
of public funds 𝜆. This simply amounts to the sum of the PLA social
welfare function (9) and the IM’s profit:

𝑊 = 𝐶𝑆 +𝛱𝑇𝑂𝐶 +𝛱𝐼𝑀 − 𝜆𝑔 (10)

The social planner’s maximization problem is given by:

max
𝑒,𝑔,𝑚,𝑝,𝑝𝑎

𝑊 = max
𝑒,𝑔,𝑚,𝑝,𝑝𝑎

{

𝐶𝑆 +𝛱𝑇𝑂𝐶 +𝛱𝐼𝑀 − 𝜆𝑔
}

𝑠.𝑡.𝛱𝑇𝑂𝐶 + 𝑔 ⩾ 0

𝛱𝐼𝑀 ⩾ 0

for 𝑘 = 𝑘, 𝑘, ℎ = ℎ, ℎ

here 𝐶𝑆, 𝛱𝑇𝑂𝐶 and 𝛱𝐼𝑀 are defined in (8), (6) and (7) respectively.
Since 𝑊 is decreasing in 𝑔, it is set so to ensure a non-negative

TOC’s profit for each value of ℎ and 𝑘:

−𝑔 = 𝛱𝑇𝑂𝐶 = (𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 𝑝)𝑝 − 𝑝𝑎 −
𝑒2

2
(11)

for 𝑘 = 𝑘, 𝑘, ℎ = ℎ, ℎ

Substituting (6), (7), (8), and (11) into (10), the maximization
roblem becomes:

max
𝑒,𝑚,𝑝,𝑝𝑎

𝑊

.𝑡. 𝛱𝐼𝑀 = 𝑝𝑎 − 𝑐0 + 𝑘𝑚 + ℎ𝑒 − 𝑚2

2
⩾ 0

ℎ = ℎ, ℎ, 𝑘 = 𝑘, 𝑘

here:

= 1
2
(𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 𝑝)2

+ (1 + 𝜆)(𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 𝑝)𝑝 (12)

− (1 + 𝜆) 𝑒
2

2
− 𝜆𝑝𝑎 − 𝑐0 + 𝑘𝑚 + ℎ𝑒 − 𝑚2

2
Note that the access price reduces welfare proportionally to the

social cost of public funds 𝜆. This can be explained by the fact that
marginal increase in the access price involves both an equivalent
elfare gain due to the related increase in the IM’s profit, and a welfare

oss of 1+𝜆 due to the related decrease in the TOC’s profit and increase
n public subsidy. The optimal access price 𝑝∗𝑎 is thus set to satisfy:

𝛱𝐼𝑀 = 𝑝∗𝑎 − 𝑐0 + 𝑘𝑚 + ℎ𝑒 − 𝑚2

2
= 0

which solves26:

𝑝∗𝑎 = 𝑐0 − 𝑘𝑚 − ℎ𝑒 + 𝑚2

2
for ℎ = ℎ, ℎ, 𝑘 = 𝑘, 𝑘 (13)

Substituting (13) into (12), the maximization problem shrinks to:

max
𝑒,𝑚,𝑝

𝑊

where
𝑊 = 1

2
(𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 𝑝)2

+ (1 + 𝜆)(𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 𝑝)𝑝

− (1 + 𝜆) 𝑒
2

2
− (1 + 𝜆)

(

𝑐0 − 𝑘𝑚 − ℎ𝑒 + 𝑚2

2

)

26 Note that given the simplifying assumption 𝑛 = 1 Eq. (13) reflects average
cost pricing.
5

Denoting 𝑊𝑝 =
𝜕𝑊
𝜕𝑝 , the first order condition w.r.t. 𝑝 is given by27

𝑊𝑝 = −(𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 𝑝) + (1 + 𝜆)(𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 2𝑝) = 0

The first term above represents the welfare loss due to the reduction
of consumer surplus; the second term represents the net welfare gain
due to the increase in the TOC’s profit and the consequent reduction in
the public subsidy. Rearranging we obtain:

𝑝∗ =
𝜆 (𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒)

1 + 2𝜆

Denoting 𝑊𝑒 =
𝜕𝑊
𝜕𝑒 , the first order condition w.r.t. 𝑒 is given by:

𝑊𝑒 = (𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 𝑝)(1 + 𝛽)ℎ

+ (1 + 𝜆)(1 + 𝛽)ℎ𝑝 + (1 + 𝜆)ℎ

− (1 + 𝜆)𝑒 = 0 (14)

The first term in (14) represents the welfare gain due to the increase
n consumer surplus induced by the improvement in the quality of
he service; the second term represents the welfare gain related to
oth the increase in the TOC’s revenues and the induced reduction
n public subsidies; the third term represents the welfare gain due to
he reduction in the cost of access implied by the reduction in the
ccess price28; the fourth term represents the welfare loss related to
he reduction in the TOC’s profit (and the corresponding increase in the
ublic subsidy) which is due to the increase in the cost of investment
n rolling stock maintenance.

Substituting 𝑝∗ into (14), rearranging the formula, and solving by 𝑒,
we get:

𝑒∗(𝑚;ℎ, 𝑘) =
(1 + 𝛽)ℎ𝐿1(𝜆) [𝜃 + 𝛽𝑘𝑚] + 𝐿2(𝜆)ℎ

𝐿2(𝜆) − (1 + 𝛽)2ℎ2𝐿1(𝜆)
(15)

here:

1(𝜆) = 1 + 2𝜆 + 𝜆2 (16)

2(𝜆) = 1 + 3𝜆 + 2𝜆2 (17)

Finally, denoting 𝑊𝑚 = 𝜕𝑊
𝜕𝑚 , the first order condition w.r.t. 𝑚 is

iven by:

𝑚 = (𝜃 + 𝛽𝑘𝑚 + (1 + 𝛽)ℎ𝑒 − 𝑝)𝛽𝑘 + (1 + 𝜆)𝛽𝑘𝑝 + (1 + 𝜆)(𝑘 − 𝑚) = 0 (18)

The first term is the welfare gain due to the increase in consumer
urplus induced by the improvement in service quality; the second term
epresents the welfare gain related to the increase in TOC’s revenues
long with the induced reduction in public subsidies; the third effect
epresents the welfare effects stemming from the net variation of IM’s
ost which is given by the difference between the reduction in the
ost of providing access and the cost of investment in infrastructure
aintenance.

Rearranging terms, substituting (15), and following manipulations
see Appendix), we obtain:

∗(ℎ, 𝑘) =
𝑘
[

𝐿2(𝜆) + 𝛽𝜃𝐿1(𝜆) − (1 + 𝛽)ℎ2𝐿1(𝜆)
]

[

𝐿2(𝜆) −
(

(1 + 𝛽)2ℎ2 + 𝛽2𝑘2
)

𝐿1(𝜆)
] (19)

3.1. Sources of inefficiency

In order to define an appropriate regulatory framework for regional
railway service, we need to single out the sources of inefficiency
stemming from the characteristics of the operators’ behaviour captured
by our assumptions.

The following sources of inefficiency arise from the operators’ in-
vestment decisions. First, by maximizing its profit (see (6)) the private
IM does not take into account the effect of investment in infrastructure

27 We assume that the second order conditions are always satisfied.
28 From (13) it is clear that the reduction of the access cost implies an

increase in TOC’s profit, while letting unchanged IM’s profit.
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maintenance on the quality of the service, and thereby on service
demand, consumers’ surplus and TOC’s profit. This leads to underin-
vestment in the maintenance of the infrastructure with respect to the
benchmark.

Conversely, the effects of investment in rolling stock maintenance
on consumer’s surplus are taken into account by the TOC, as we have
assumed that she is owned and directly managed by the PLA which
maximizes local welfare (9). However, a second source of inefficiency
is given by the fact that local welfare does not include the IM’s profit
– which is a national operator – and thus the TOC’s maintenance
investment decisions do not consider the effect on the IM’s cost of
providing access, thereby generating underinvestment with respect to
the benchmark.

Nevertheless, another important source of inefficiency arises out
of the dependence of local welfare function (9) on the IM’s decisions
of investment in infrastructure maintenance which, through the im-
provement of the infrastructure, enhance service quality and demand as
well as consumer’s surplus. Because of the asymmetry of information
of the PLA-TOC29 with respect to the marginal productivity 𝑘 of the
M’s investment, the PLA-TOC’s investment decisions in rolling stock
aintenance are taken on the basis of the expected value of 𝑘, which

eads to a level of investment that is higher than the benchmark for
he lowest value of the IM’s productivity (i.e. when 𝑘 = 𝑘). This over-

investment distortion due to the asymmetry of information on 𝑘 can,
in some cases (i.e. for some values of the marginal productivity of the
TOC’s investment ℎ), more than compensate for the underinvestment
caused by the neglecting of the effect on the cost of access. In these
cases, we will show how a regulation aimed at internalizing the effect
on the cost of access increases the overinvestment distortion and thus
possibly leads to a reduction in social welfare.

4. Regulation

4.1. Regulatory framework and timing

Let us now define our regulatory framework. A NRA, which we
assume to be in charge of the regulation of railway service, observes
both the state of the infrastructure and the state of the rolling stock.
However, it is informed only about the probability distribution of
productivity 𝑘 and ℎ of the IM’s and TOC’s maintenance investment
respectively, whose realized values are assumed to be operators’ private
information.

We consider two very simple regulatory instruments that the NRA
can employ to regulate the IM and the TOC: a lower boundary on
the observed state of the network and the access price rule. When
compared to optimal regulatory mechanisms, and albeit unable to
completely eliminate inefficiency, these instruments appear to be more
easily manageable by the NRA and to have parsimonious informational
requirements.

As for the first instrument, the NRA sets a lower boundary on the
observed state of the infrastructure, which the IM must guarantee or
else incurs a penalty. The aim of this instrument is to ensure a level of
investment in infrastructure maintenance corresponding to the efficient
one in the worst state of the world (i.e. 𝑚 = 𝑚∗(ℎ, 𝑘)).30

29 Given the assumption that the TOC is owned and managed by the PLA,
ereafter we will use the notation PLA-TOC.
30 This instrument is inspired to measures which can be observed in most
ailway industries around the world, where – in order to protect the safety of
ravellers and workers – there are regulatory bodies in charge of verifying that
he infrastructure matches strict quality standards. Just to give an example,
ne can refer to the several health and safety investigation and enforcement
owers endowed to the UK regulator (Offrail). Similar powers are assigned to
pecific national agencies in other European countries, for example in Italy to
genzia Nazionale per la Sicurezza delle Ferrovie e delle Infrastrutture Stradali
Autostradali (ANSFISA); in France the Etablissement Public de Sécurité
6

erroviaire (EPSF); in Germany to Eisenbahn – Bundesamt (EBA); etc.. t
As for the access price rule, it has to ensure the IM’s participation
constraint in every state of the world.31 However, in our framework
access price regulation may also be used to pursue a second objective,
namely regulating the PLA-TOC so that the effect of her investment
on access cost is internalized. We consider two scenarios: the first in
which the PLA-TOC is unregulated, and the access price has only to
ensure the participation constraint of the IM, taking into account that
the NRA does not observe IM’s and TOC’s marginal productivity; the
second, in which access price is also used to regulate the PLA-TOC.

The timing of the model is the following:

- At time 0 the NRA announces:

1. a lower boundary on the state of the network and a penalty to
be paid by the IM in case of violation;

2. the rules for setting of the access price.

At time 1 the IM chooses the amount of investment in infrastructure
maintenance that maximizes his profit, and the PLA-TOC chooses the
amount of investment in rolling stock maintenance and the price of the
service which maximize the expected local welfare.

- At time 2 the NRA observes the state of network and the state the
rolling stock, penalties (if any) are imposed on the IM, the access price
is paid by the PLA-TOC, the final service is operated, and the public
subsidy is paid to the PLA-TOC.

4.2. Regulation of private infrastructure manager

In this section, we will address the design and the effects of the
regulation of the private IM imposed by the NRA. We will first analyse
the investment decision of an unregulated private IM. Successively, we
will investigate the effects of the imposition of a lower boundary on
the IM’s behaviour. Finally, we will focus on the setting of the access
price both in the case of unregulated and regulated PLA-TOC.

As explained in Section 2, the IM is responsible for the investment
𝑚 in infrastructure maintenance. Since an unregulated private IM will
choose the investment that maximizes his private profit as in (6), the
IM’s maximization problem can be written as follows32:

max
𝑚

𝛱𝐼𝑀 = max
𝑚

𝑝𝑎 + ℎ𝑒(ℎ, 𝑘) + 𝑘𝑚 − 𝑚2

2
for 𝑘 = 𝑘, 𝑘 and ℎ = ℎ, ℎ

where 𝑒(ℎ, 𝑘) is the investment in infrastructure maintenance under-
aken by the PLA-TOC. The first order condition of the IM’s maximiza-
ion problem is given by:

𝑚 = 𝑘

or 𝑘 = 𝑘, 𝑘

31 The access price rules proposed in this paper are an application of the
standard theory of price regulation under monopoly with unknown cost.
See Baron and Myerson (1982). In the regulatory practice different regulators
usually apply different rules, however in most cases the access price is based on
an estimation of the cost of providing access and on a non-negativity condition
of the IM’s profit (that is referred to in the economics of regulation literature
as IM’s participation constraint).

32 Note that the IM’s choice of investment should take into account the
PLA-TOC’s choice of investment in rolling stock maintenance 𝑒(ℎ, 𝑘), ℎ = ℎ, ℎ.

esides, because of the asymmetry of information of the PLA-TOC on the
roductivity parameter ℎ, the level of 𝑚 should maximize the IM’s expected
rofits with the expectation taken w.r.t. to ℎ. However, because of the linearity
f the IM’s profit function, neither of these assumptions affects the choice of

he IM’s profit-maximizing level of investment.
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The equation above implies that an unregulated private IM chooses
a level of investment such that its marginal cost equates its marginal
productivity. Therefore, solving the IM’s maximization problem we get:

𝑚(𝑘) = 𝑘 for 𝑘 = 𝑘, 𝑘

with 𝑚(𝑘) < 𝑚∗(ℎ, 𝑘) for 𝑘 = 𝑘, 𝑘 and ℎ = ℎ, ℎ

The underinvestment of 𝑚(𝑘) with respect to the optimal level 𝑚∗ is
easily explained by the fact that the IM does not take into account that
his own investment, by affecting the state of the network, indirectly af-
fects service demand and thus the PLA-TOC’s profit and the consumers’
surplus.

Since it observes both the actual state of the network and the state
of the rolling stock, and in order to induce the IM to undertake an
investment at least equal to 𝑚∗(ℎ, 𝑘), the NRA imposes an appropriate
lower boundary 𝑖 on the state of the network along with a penalty
hat applies to the IM in case such lower boundary is violated.33 This

regulatory objective can be obtained by setting a lower boundary
corresponding to the state of the network that would emerge if the IM
undertook the optimal investment 𝑚∗(ℎ, 𝑘), given the observed state of
he rolling stock. The lower boundary takes the form:

(ℎ, 𝑘) = 𝑤(𝑒(ℎ, 𝑘);ℎ) + 𝑘𝑚∗(𝑘, ℎ)

for ℎ = ℎ, ℎ and 𝑘 = 𝑘, 𝑘

here 𝑤(𝑒(ℎ, 𝑘);ℎ) = ℎ𝑒(ℎ, 𝑘) is the observed state of the rolling stock.
o induce the IM to undertake 𝑚(𝑘) ⩾ 𝑚∗(𝑘, ℎ), the penalty has to be

proportional to the difference between the lower boundary and the
observed state of the infrastructure, which is given by:

𝑖(ℎ, 𝑘) = 𝑤(𝑒(ℎ, 𝑘);ℎ) + 𝑘𝑚(𝑘)

for ℎ = ℎ, ℎ and 𝑘 = 𝑘, 𝑘

Denoting by 𝑃 𝐼𝑀 (𝑘) the penalty and by 𝑠𝐼 a constant rate, we
define:

𝑃 𝐼𝑀 (𝑘) = 𝑠𝐼
[

𝑖(ℎ, 𝑘) − 𝑖(ℎ, 𝑘)
]

=

𝑠𝐼
[

𝑘𝑚∗(𝑘, ℎ) − 𝑘𝑚(𝑘)
]

(20)

Since the lower boundary is set on the observed state of the rolling
stock, the amount of the penalty does not depend on the investment in
rolling stock maintenance. While the penalty is null when the observed
state of the network is equal to the lower boundary, it is negative when
the former is higher than the latter (i.e. when 𝑖(ℎ, 𝑘) > 𝑖(ℎ, 𝑘)), and it
urns out to be a subsidy to the IM. We need to derive the rate 𝑠∗𝐼 that
nduces the IM to undertake 𝑚∗(ℎ, 𝑘) when 𝑘 = 𝑘.

Taking into account the introduction of the penalty and Eq. (1), the
maximization problem of the regulated IM becomes:

max
𝑚

𝛱𝐼𝑀 (𝑘, 𝑠𝐼 ) = 𝑝𝑎 + 𝑘𝑚 + ℎ𝑒(ℎ, 𝑘) − 𝑚2

2
− 𝑠𝐼

[

𝑘𝑚∗(𝑘, ℎ) − 𝑘𝑚(𝑘)
]

The regulated IM’s profit-maximizing investment level is defined by
he first order condition of the IM’s profit maximization problem, and
s given by:
𝑟 = 𝑘 + 𝑠𝐼𝑘

where the apex 𝑟 stands for regulated. From the first order condition, it
s clear that the introduction of a lower boundary on the state of the
etwork, together with a penalty, increases the marginal private benefit

33 Of course, this strategy does not guarantee that the IM would carry out
he socially optimal investment in the other states of the world (where either
he TOC or the IM or both exhibit a productivity higher than the minimum
ne). However, if the NRA imposed the optimal investment in other states of
he world, the IM’s participation constraint would not be assured to hold in
he worse state of the world, so that in this case the resulting allocation would
7

ot be financially sustainable.
of the IM’s investment by factor 𝑠𝐼𝑘, since now a marginal increase in
the IM’s also investment generates the effect of reducing the penalty.

For 𝑘 = 𝑘 the first order condition leads to:

𝑚𝑟 = 𝑘 + 𝑠𝐼𝑘

Since the NRA knows the value of 𝑘 and ℎ, as well as the IM’s profit
function, it is able to derive 𝑚∗(ℎ, 𝑘). Consequently, to induce the IM
o undertake 𝑚∗(ℎ, 𝑘), the NRA has to set an optimal penalty rate, 𝑠∗𝐼 ,

such that:

𝑘 − 𝑚∗(𝑘, ℎ) + 𝑠∗𝐼𝑘 = 0 ⟹ 𝑠∗𝐼 =
𝑚∗(𝑘, ℎ)

𝑘
− 1 (21)

which ensures that:

𝑚𝑟(𝑘) = 𝑚∗(𝑘, ℎ) (22)

For 𝑘 = 𝑘, taking into account (21), the profit-maximizing invest-
ent level is now defined by the following first order condition and

he consequent IM’s investment:

𝑘 − 𝑚 + 𝑠∗𝐼𝑘 = 0 ⟹

𝑚𝑟(𝑘) = 𝑘(1 + 𝑠∗𝐼 ) =
𝑘𝑚∗(𝑘, ℎ)

𝑘
(23)

From (21), (23) and from 𝑘 < 𝑘 it follows that 𝑚𝑟(𝑘) = 𝑚∗(𝑘, ℎ) <
𝑘𝑚∗(𝑘,ℎ)

𝑘 = 𝑚𝑟(𝑘). That is, since the IM’s maintenance investment is
increasing in its productivity 𝑘, the imposition of the lower boundary
ensures a level of investment in network maintenance higher than
𝑚∗(𝑘, ℎ) for 𝑘 = 𝑘.

Let us now analyse the setting of the access price. The IM’s partic-
ipation constraint in correspondence of the lower boundary 𝑖 for any
pairs (ℎ, 𝑘) is to be ensured, i.e.:

𝛱𝐼𝑀 (𝑘, ℎ) = 𝑝𝑎 + ℎ𝑒(ℎ, 𝑘) + 𝑘𝑚(𝑘, ℎ) −
𝑚(𝑘, ℎ)2

2
⩾ 0

for ℎ = ℎ, ℎ and 𝑘 = 𝑘, 𝑘

Because of the asymmetry of information of NRA w.r.t. 𝑘, 𝑝𝑎 is set on
he basis of a fixed-price mechanism. Since the IM’s profit is increasing
n 𝑘 and 𝑚, and since the level of IM’s investment that ensures a state
f the network equal to the lower boundary is exactly 𝑚∗(𝑘, ℎ), if the

IM’s participation constraint is satisfied for 𝑘 = 𝑘 and 𝑚∗(𝑘, ℎ), it will
e satisfied for any pairs (ℎ, 𝑘). This implies that the IM’s participation
onstraint can be written as follows:

𝐼𝑀 (𝑘, ℎ) = 𝑝𝑎 + ℎ𝑒(ℎ, 𝑘) + 𝑘𝑚∗(𝑘, ℎ) −
𝑚∗(𝑘, ℎ)2

2
⩾ 0

for ℎ = ℎ, ℎ and 𝑘 = 𝑘, 𝑘

where the value of the investment in rolling stock maintenance 𝑒(ℎ, 𝑘)
chosen by the PLA-TOC depends on hers being regulated or not. There-
fore, we analyse the effects of the setting of the access price on the
IM’s decisions and profit separately in the cases of unregulated and
regulated PLA-TOC.

The access price rule in the case of unregulated PLA-TOC
We denote by 𝑒𝑢(ℎ, 𝑘) the level of investment in rolling stock mainte-

nance chosen by an unregulated PLA-TOC for each pair (ℎ, 𝑘). Since the
IM’s profit is increasing in both PLA-TOC’s investment and productivity,
the access price set by the NRA has to satisfy the IM’s participation
constraint for ℎ = ℎ, and thereby it is given by:

𝑝𝑎(ℎ, 𝑘) = −ℎ𝑒𝑢(ℎ, 𝑘) − 𝑘𝑚∗(𝑘, ℎ) +
𝑚∗(𝑘, ℎ)2

2
(24)

for 𝑘 = 𝑘, 𝑘

Note that according to (24), the access price depends on the value
of 𝑘 only through the investment in rolling stock maintenance 𝑒𝑢(ℎ, 𝑘)
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chosen by an unregulated PLA-TOC for any value of 𝑘. By substituting
(24) into (6), the IM’s profit becomes: for 𝑘 = 𝑘

𝛱𝐼𝑀 (𝑘, ℎ) =

⎧

⎪

⎪

⎨

⎪

⎪

⎩

0, for ℎ = ℎ
[

ℎ𝑒𝑢(ℎ, 𝑘) − ℎ𝑒𝑢(ℎ, 𝑘)
]

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟
𝐴1

, for ℎ = ℎ

and for 𝑘 = 𝑘

𝐼𝑀 (𝑘, ℎ) =

⎧

⎪

⎪

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎪

⎪

⎩

𝑠∗𝐼
⎡

⎢

⎢

⎣

𝑘
2
𝑚∗(𝑘, ℎ)
𝑘

− 𝑘𝑚∗(𝑘, ℎ)
⎤

⎥

⎥

⎦

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟
𝐵

, for ℎ = ℎ

𝑠∗𝐼
⎡

⎢

⎢

⎣

𝑘
2
𝑚∗(𝑘, ℎ)
𝑘

− 𝑘𝑚∗(𝑘, ℎ)
⎤

⎥

⎥

⎦

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟
𝐵

+
[

ℎ𝑒𝑢(ℎ, 𝑘) − ℎ𝑒𝑢(ℎ, 𝑘)
]

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟
𝐴2

, for ℎ = ℎ

Note that when the PLA-TOC is not regulated, because of the
reduction in the access cost, the IM gains a positive profit in all the
states of the world but the worst one. The term 𝐵 denotes the reduction
in the access cost generated by a higher level of IM’s productivity and
by a higher level of investment in infrastructure maintenance.34 The
erms 𝐴1 and 𝐴2 denote the reduction in the access cost generated
y a higher level of PLA-TOC’s productivity and by a higher level of
nvestment in rolling stock maintenance respectively.35

he access price rule in the case of regulated PLA-TOC
If the NRA uses the access price to affect the PLA-TOC’s choice of

nvestment level, 𝑝𝑎 will be set on the basis of the observed state of the
olling stock, i.e.

𝑎(ℎ, 𝑘) = −ℎ𝑒𝑟(ℎ, 𝑘) − 𝑘𝑚∗(𝑘, ℎ) +
𝑚∗(𝑘, ℎ)2

2
(25)

for ℎ = ℎ, ℎ and 𝑘 = 𝑘, 𝑘

here 𝑒𝑟 is the investment in rolling stock maintenance chosen by a
egulated PLA-TOC.

By substituting (25) into (6), the IM’s profit turns out to be
𝐼𝑀 (𝑘, ℎ) = 0

𝛱𝐼𝑀 (𝑘, ℎ) = 𝑠∗𝐼
⎡

⎢

⎢

⎣

𝑘
2
𝑚∗(𝑘, ℎ)
𝑘

− 𝑘𝑚∗(𝑘, ℎ)
⎤

⎥

⎥

⎦

for ℎ = ℎ, ℎ

hich means that when the access price is also used to regulate the
LA-TOC, the IM obtains a positive profit only for 𝑘 = 𝑘, due to

the reduction in the cost of access arising from higher levels of both
investment in the infrastructure and the IM’s productivity. However,
compared with the case of unregulated PLA-TOC, the IM’s no longer
benefits from possible reductions in the access cost related either to a
higher productivity of the investment in rolling stock maintenance or
to a higher level of PLA-TOC’s investment.

4.3. Rolling stock maintenance with unregulated local public train operating
company

In this section we consider the case of an unregulated PLA-TOC and
a private IM regulated as discussed in Section 4.2. In this case, the NRA

34 To be more precise, 𝐵 denotes the reduction in the access cost generated
y a level of IM’s investment higher than the optimal one in the worst state
f the world (i.e. 𝑚∗(𝑘, ℎ)).
35 More precisely, 𝐴2 denotes the reduction in the access cost generated by a

evel of PLA-TOC’s investment higher than the one that she would have chosen
ith ℎ = ℎ for 𝑘 = 𝑘, 𝑘.
8

sets the access price rule according to (24), that is with the sole aim of
ensuring non-negative profits for the IM.

The PLA-TOC chooses the price of the railway service 𝑝 and the
nvestment in rolling stock maintenance 𝑒 by maximizing the expected
ocal social welfare, with expectation w.r.t. the value of 𝑘 which is
M’s private information. Denoting by 𝐸𝑊 𝑃𝐿𝐴 the local expected social
elfare, the PLA-TOC’s maximization problem can be written as:

ax
𝑝,𝑒

𝐸𝑊 𝑃𝐿𝐴(ℎ) = max
𝑝,𝑒

𝑣
2
(𝜃 + 𝛽𝑘𝑚𝑟(𝑘) + (1 + 𝛽)ℎ𝑒 − 𝑝)2

+
(1 − 𝑣)

2
(𝜃 + 𝛽𝑘𝑚𝑟(𝑘) + (1 + 𝛽)ℎ𝑒 − 𝑝)2

+ 𝑣𝛱𝑇𝑂𝐶 (ℎ, 𝑘) + (1 − 𝑣)𝛱𝑇𝑂𝐶 (ℎ, 𝑘) − 𝜆

s.t. 𝛱𝑇𝑂𝐶 + 𝑔 ⩾ 0

where 𝑣 is the probability that 𝑘 = 𝑘 and 𝛱𝑇𝑂𝐶 + 𝑔 ⩾ 0 is the
articipation constraint for the PLA-TOC.

Because of the asymmetry of information on 𝑘 and the fact that
he PLA-TOC’s private profit is increasing in 𝑘𝑚𝑟(𝑘), the participation
onstraint of the PLA-TOC should ensure a non-negative profit for 𝑘 =
, since:

𝛱𝑇𝑂𝐶 (ℎ, 𝑘) + 𝑔 ⩾ 0, for ℎ = ℎ, ℎ and 𝑘 = 𝑘, 𝑘

⟺ (26)
𝛱𝑇𝑂𝐶 (ℎ, 𝑘) + 𝑔 ⩾ 0, for ℎ = ℎ, ℎ

Now, as the expected local social welfare is decreasing in 𝑔 and
taking into account (26), the value of 𝑔 which solves the unregulated
LA-TOC’s maximization problem is:

𝑔𝑢(ℎ) = 𝛱𝑇𝑂𝐶 (ℎ, 𝑘)

for ℎ = ℎ, ℎ

Substituting the above expression and (7) into 𝐸𝑊 𝑃𝐿𝐴 we get:

max
𝑝,𝑒

𝐸𝑊 𝑃𝐿𝐴(ℎ) = max
𝑝,𝑒

𝑣
2
(𝜃 + 𝛽𝑘𝑚𝑟(𝑘) + (1 + 𝛽)ℎ𝑒 − 𝑝)2

+
(1 − 𝑣)

2
(𝜃 + 𝛽𝑘𝑚𝑟(𝑘) + (1 + 𝛽)ℎ𝑒 − 𝑝)2

+
[

(𝜃 + (1 + 𝛽)ℎ𝑒 + 𝛽𝑘𝑚𝑟 − 𝑝)𝑝 − 𝑝𝑎 −
𝑒2

2

]

+ 𝜆
[

(𝜃 + (1 + 𝛽)ℎ𝑒 + 𝛽𝑘𝑚𝑟(𝑘) − 𝑝)𝑝 − 𝑝𝑎 −
𝑒2

2

]

for ℎ = ℎ, ℎ,

where 𝑘𝑚𝑟 = 𝑣𝑘𝑚𝑟(𝑘) + (1 − 𝑣)𝑘𝑚𝑟(𝑘).
The price of the service is set to satisfy the following first order

condition w.r.t. 𝑝:

𝜃 + (1 + 𝛽)ℎ𝑒 + 𝛽𝑘𝑚𝑟 − 𝑝 =
[

𝜃 + 𝑘𝑚𝑟 + (1 + 𝛽)ℎ𝑒 − 2𝑝
]

+ 𝜆
[

𝜃 + 𝛽𝑘𝑚𝑟(𝑘) + (1 + 𝛽)ℎ𝑒 − 𝑝
]

On the left hand side of the first order condition there is the PLA-
TOC’s marginal cost of increasing the price of regional railway service,
that is represented by the reduction in the expected consumers’ surplus.
On the right hand side there are the marginal benefits of increasing
𝑝, which are represented by the PLA-TOC’s expected marginal private
revenues stemming from an increase in 𝑝 (first term on the r.h.s.), and
the PLA-TOC’s marginal revenues when 𝑘 = 𝑘, the latter implying
the reduction in the public subsidy 𝑔 required to satisfy the TOC’s
participation constraint (second term on the r.h.s.). Notice that the
reduction is proportional to the marginal cost of public funds 𝜆: the
higher 𝜆, the higher the marginal benefit from a reduction in the public
subsidy required to satisfy the participation constraint.

By solving the first order condition w.r.t. 𝑝 we derive the price of
the final service that maximizes the expected local social welfare:

𝑝𝑢(𝑒𝑢) =
𝜆(𝜃 + (1 + 𝛽)ℎ𝑒𝑢(ℎ, 𝑘𝑚𝑟) + 𝛽𝑘𝑚𝑟(𝑘))

for ℎ = ℎ, ℎ, (27)

1 + 2𝜆
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where 𝑒𝑢 is the level of investment in rolling stock maintenance un-
dertaken by an unregulated PLA-TOC.36 Consistently with the above
discussion of the first order condition, the level of price directly de-
pends on the investment in network maintenance undertaken by a
regulated private IM at 𝑘 = 𝑘, while it depends only indirectly (through
𝑢) on the expected investment in network maintenance. Besides, since:

𝜕𝑝𝑢(𝑒𝑢)
𝜕𝜆

=
(𝜃 + (1 + 𝛽)ℎ𝑒𝑢(ℎ, 𝑘𝑚𝑟) + 𝛽𝑘𝑚𝑟(𝑘))

(1 + 2𝜆)2
> 0

the price level increases with the marginal social cost of public funds
𝜆: the higher the marginal cost of public funds, the higher the price set
by the PLA-TOC, as this finds more convenient to finance the service
through private revenues.

The choice of investment level in rolling stock maintenance must
satisfy the first order condition w.r.t. 𝑒, which by using (27) is given
by

𝐸𝑊 𝑃𝐿𝐴𝑢
𝑒 = (1 + 𝛽)ℎ

{ 1
1 + 2𝜆

[

(1 + 𝜆)(𝜃 + (1 + 𝛽)ℎ𝑒𝑢)

− 𝜆𝛽𝑘𝑚𝑟(𝑘)
]

+ 𝛽𝑘𝑚𝑟(𝑘)
}

+ (1 + 𝜆) 𝜆
1 + 2𝜆

[

(1 + 𝛽)2ℎ2𝑒𝑢 + (𝜃 + 𝛽𝑘𝑚𝑟(𝑘))
]

− (1 + 𝜆)𝑒𝑢 = 0 (28)

for ℎ = ℎ, ℎ

and can be expressed as follows:

(1 + 𝛽)ℎ
{ 1
1 + 2𝜆

[

(1 + 𝜆)(𝜃 + (1 + 𝛽)ℎ𝑒𝑢) − 𝜆𝛽𝑘𝑚𝑟(𝑘)
]

+ 𝛽𝑘𝑚𝑟(𝑘)
}

+ (1 + 𝜆) 𝜆
1 + 2𝜆

[

(1 + 𝛽)2ℎ2𝑒𝑢 + (𝜃 + 𝛽𝑘𝑚𝑟(𝑘))
]

= (1 + 𝜆)𝑒𝑢 (29)

for ℎ = ℎ, ℎ

On the left hand side of (29) there is the PLA-TOC’s marginal
enefit of investing in rolling stock maintenance, which consists of two
lements: the increase in consumers’ surplus and PLA-TOC’s marginal
rivate revenues from PLA-TOC’s investment. Both marginal benefits
tem from the fact that an increase in investment in rolling stock
aintenance improves the overall quality of the service. This implies

n increase in the consumers’ willingness to pay, and hence an increase
n both the consumers’ surplus and the demand for the service (thus
n the PLA-TOC’s private revenues). On the right hand side, we have
he marginal cost of investment in rolling stock maintenance (adjusted
or the marginal cost of public funds 𝜆), which stems directly from the
uadratic cost function.

Rearranging (29) we obtain:

−
[

𝐿2(𝜆) − (1 + 𝛽)2ℎ2(1 + 2𝜆 + 𝜆2)
]

𝑒𝑢 + (1 + 𝛽)ℎ𝐿1(𝜆)𝜃+

+ 𝛽(1 + 𝛽)ℎ((1 + 2𝜆)𝑘𝑚𝑟(𝑘) + 𝜆2𝑘𝑚𝑟(𝑘)) = 0

or ℎ = ℎ , ℎ

where 𝐿1(𝜆) and 𝐿2(𝜆) are given by (16) and (17) respectively.
Finally, by solving (29) w.r.t. 𝑒𝑢, we obtain the level of investment

ndertaken by an unregulated PLA-TOC:

𝑢 =
(1 + 𝛽)ℎ

[

𝐿1(𝜆)𝜃 + 𝛽((1 + 2𝜆)𝑘𝑚𝑟(𝑘) + 𝜆2𝛽𝑘𝑚𝑟(𝑘))
]

𝐿2(𝜆) − (1 + 𝛽)2ℎ2𝐿1(𝜆)
(30)

for ℎ = ℎ, ℎ and 𝑘 = 𝑘, 𝑘

Now we can determine the value of the social welfare function (10)
n each state of the world when the PLA-TOC is unregulated and the
rivate IM is regulated:

(𝑒𝑢, 𝑚𝑟) = 1
2
[

𝜃 + 𝛽𝑘𝑚𝑟(𝑘) + (1 + 𝛽)ℎ𝑒𝑢 − 𝑝𝑢(𝑒𝑢, 𝑚𝑟(𝑘))
]2 +

𝛱𝑇𝑂𝐶 (ℎ, 𝑘) +𝛱𝐼𝑀 (ℎ, 𝑘) − 𝜆𝑔𝑢(𝑘, ℎ)

36 To simplify the notation, where it is not strictly necessary we omit the
ependence of 𝑒𝑢 and 𝑝𝑢 from exogenous parameters.
9

for ℎ = ℎ, ℎ and 𝑘 = 𝑘, 𝑘

where 𝑒𝑢, 𝑝𝑢, and 𝑚𝑟 are defined in (30), (27), and (22)–(23) respec-
ively. By substituting (7), 𝑔𝑢, and (6) evaluated in 𝑒𝑢, we obtain:

(𝑒𝑢, 𝑚𝑟) = 1
2
(𝜃 + 𝛽𝑘𝑚𝑟 + (1 + 𝛽)ℎ𝑒𝑢 − 𝑝𝑢(𝑒𝑢))2

+ (1 + 𝜆)

[

(𝜃 + (1 + 𝛽)ℎ𝑒𝑢 − 𝑝𝑢(𝑒𝑢))𝑝𝑢(𝑒𝑢) − 𝑒𝑢2

2

]

+ 𝛽𝑘𝑚𝑟𝑝𝑢(𝑒𝑢) + 𝜆𝛽𝑘𝑚𝑟𝑝𝑢(𝑒𝑢) − 𝜆𝑝𝑎(ℎ, 𝑘)

+ℎ𝑒𝑢 + 𝑘𝑚𝑟 − 𝑚𝑟2

2
for 𝑘 = 𝑘, 𝑘,

for ℎ = ℎ, ℎ

where 𝑝𝑎(ℎ, 𝑘) is the access price defined in (24).
The above expression makes it clear that, for any level of access

price 𝑝𝑎(ℎ, 𝑘) and of infrastructure maintenance investment 𝑚𝑟, the
welfare loss deriving from delegating the operation of the railway
service and the decision about its price to a public local authority
strictly depends on the distortion w.r.t. the optimal value 𝑒∗ of the
investment level in rolling stock maintenance 𝑒𝑢 undertaken by the
local PLA-TOC. This will be the subject of the next section.

4.3.1. Welfare analysis
In this section we want to determine the sign and size of the

distortion of the investment level chosen by an unregulated PLA-TOC,
𝑒𝑢, with respect to the social optimal level 𝑒∗, for any combination
of ℎ, ℎ and 𝑘, 𝑘. This can be achieved by determining the sign of the
derivative of the social welfare function w.r.t to investment 𝑒, evaluated
at 𝑒𝑢, since:

𝑊𝑒(𝑒∗) = 0 and 𝑊𝑒𝑒 < 0 ⟹ (31)
𝑊𝑒(𝑒𝑢) ⋛ 0 ⟺ 𝑒∗ − 𝑒𝑢 ⋛ 0 (32)

In (31) we have the first order condition and the second order
ondition of the benchmark case respectively. From those conditions,
t follows that if the sign of 𝑊𝑒 evaluated at 𝑒𝑢 is positive (negative),

then 𝑒∗ is higher (lower) than 𝑒𝑢.
By subtracting the first order condition w.r.t. 𝑒 (28) of the unregu-

ated PLA-TOC decision problem from the first order condition w.r.t. 𝑒
14) of the social welfare function evaluated at 𝑒𝑢, we get

𝑒(𝑒𝑢) = (1 + 2𝜆)𝛽(1 + 𝛽)ℎ
[

𝑘𝑚∗(ℎ, 𝑘) − 𝑘𝑚
𝑟]

+

+ 𝜆2𝛽(1 + 𝛽)ℎ
[

𝑘𝑚∗(ℎ, 𝑘) − 𝑘𝑚𝑟(𝑘)
]

(33)
+𝐿2(𝜆)ℎ

For ℎ = ℎ , ℎ 𝑘 = 𝑘, 𝑘

In (33) we can isolate three terms corresponding to the three lines.
Each of these three terms is related to a specific source of distortion of
𝑒𝑢 w.r.t 𝑒∗ described in Section 3.1.

Both the first two terms can be explained by the following reasons:
(i) the asymmetry of information of the PLA-TOC w.r.t. 𝑘 on the
investment level actually undertaken by a regulated private IM; (ii) the
fact that the investment levels 𝑚(𝑘, 𝑠∗𝐼 ) chosen by a regulated private
IM are equal to 𝑚∗(ℎ, 𝑘) for 𝑘 = 𝑘, and equal to 𝑘𝑚∗(ℎ,𝑘)

𝑘 for 𝑘 = 𝑘, for
any ℎ, rather than the corresponding benchmark levels 𝑚∗(ℎ, 𝑘).

More specifically, the first line in (33) captures the distortion of 𝑒𝑢
.r.t 𝑒∗ due to the fact that, as pointed out in the previous section (see

30)), 𝑒𝑢 is set on the expected value of 𝑘𝑚𝑟 rather than on the optimal
evel 𝑚∗(ℎ, 𝑘) which determines 𝑒∗ (see (15)).

efinition 1. We denote by AI-md direct effect the term:

𝑚∗(ℎ, 𝑘) − 𝑘𝑚𝑟 = 𝑘𝑚∗(ℎ, 𝑘) − 𝑣𝑘𝑚∗(ℎ, 𝑘) − (1 − 𝑣)𝑘
2
𝑚∗(ℎ, 𝑘)∕𝑘

where AI stands for Asymmetry of Information and md refers to the
distortion of 𝑚𝑟(𝑘) w.r.t. 𝑚∗(ℎ, 𝑘).
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As we will show, the sign of this term depends on the state of the
world, that is on the particular combination of values of ℎ and 𝑘.

The term on the second line in (33) captures the distortion of 𝑒𝑢

w.r.t. 𝑒∗ due to the fact that the retail price 𝑝𝑢 is set on the basis of
𝑘𝑚∗(ℎ, 𝑘) for any couple of values of ℎ and 𝑘, since only this value
matters for the participation constraint when there is asymmetry of
information on 𝑘 (see (27)). In other words, this term indicates the
distortion of 𝑒𝑢 w.r.t. 𝑒∗ arising from the distortion of 𝑝𝑢 w.r.t. 𝑝∗, when
oth are evaluated at 𝑒𝑢.

efinition 2. We denote by price effect of the asymmetry of informa-
ion the term:

𝑚∗(ℎ, 𝑘) − 𝑘𝑚∗(ℎ, 𝑘) for ℎ = ℎ, ℎ

Since this term is never negative and is null at (ℎ, 𝑘), from (32) it
ollows that by the sole price effect of the asymmetry of information, the
LA-TOC would realize a level of investment lower than the optimal
ne.

Finally, the term on the third line of (33) measures the distortion
f 𝑒𝑢 with respect to 𝑒∗ due to the fact that the PLA-TOC does not take
nto account the reduction in the cost of access generated by her own
nvestment in the rolling stock maintenance which is given by ℎ.

efinition 3. We denote by externality effect the term:

2(𝜆)ℎ

The externality effect is always positive, so that it leads to underin-
estment in rolling stock maintenance.

From the previous analysis it follows that as both the price effect
nd the externality effect are positive, to determine the sign of (33)
nd thereby (using (32)) the direction and the size of the distortion of
he investment level 𝑒𝑢 w.r.t 𝑒∗, we need to determine the sign of the
I-md direct effect for any combination of values of ℎ and 𝑘. Whenever

this sign is positive, all effects go in the same direction, which implies
𝑒𝑢 < 𝑒∗. Instead, if the sign of this term is negative, by the sole AI-md
direct effect the PLA-TOC would realize a level of investment higher
than 𝑒∗(ℎ, 𝑘); in this case the final result of the interaction of the three
effects will depend on the size of the overinvestment due to the sole
AI-md direct effect and the size of the under-investment due to both the
price effect and the externality effect.

We summarize the results in the following Proposition:

Proposition 1. With an unregulated PLA-TOC and a regulated private
IM,

1. when 𝑘 = 𝑘 there is underinvestment in the maintenance of the rolling
stock;

2. when 𝑘 = 𝑘 we can have also overinvestment, moreover

(a) underinvestment in the maintenance of the rolling stock in
state of the world (ℎ, 𝑘) implies underinvestment also in state
of the world (ℎ, 𝑘);

(b) overinvestment in the maintenance of the rolling stock in
state of the world (ℎ, 𝑘) may imply either underinvestment
or overinvestment in state of the world (ℎ, 𝑘).

Two remarks are worthwhile. First, in the case 𝑘 = 𝑘 the AI-md direct
ffect becomes:

𝑘𝑚∗(ℎ, 𝑘) − 𝑣𝑘𝑚∗(ℎ, 𝑘) − (1 − 𝑣)𝑘
2
𝑚∗(ℎ, 𝑘)∕𝑘 > 0 for ℎ = ℎ, ℎ (34)

which implies that the AI-md direct effect contributes to inducing the
PLA-TOC to undertake a level of investment lower than the optimal
one, i.e. (33) is positive in the states of the world (ℎ, 𝑘) and (ℎ, 𝑘).

Second, note that the size of the overinvestment is higher the lower
he a-priori probability 𝑣 that the state 𝑘 occurs is. Since in the case

(ℎ, 𝑘) the price effect is equal to zero, it follows that the sign and the
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size of the distortion of 𝑒𝑢 w.r.t 𝑒∗ (i.e. the sign and the absolute value of
(33) evaluated at ℎ = ℎ and 𝑘 = 𝑘) depend on which effect will prevail
between the overinvestment generated by the AI-md direct effect and
the underinvestment generated by the externality effect which is equal
to ℎ.

As we will see in the next section, this conclusion has relevant
consequences for the effects of PLA-TOC regulation, inasmuch as a
regulated PLA-TOC may also widen the magnitude of the distortion.

4.4. Rolling stock maintenance with regulated local public train operating
company

The decision of a NRA to regulate a PLA-TOC can be motivated by
the following two aims:

(1) to ensure an amount of investment in rolling stock maintenance
which is not lower than 𝑒∗(ℎ, 𝑘) in state of the world (ℎ, 𝑘) and thereby
in each state of the world;

(2) to induce the PLA-TOC to internalize the reduction in the cost
of access generated by its investment in the rolling stock maintenance,
i.e. to internalize what we have called externality effect.

From the analysis of the previous section, it follows that the achieve-
ment of this second objective automatically implies the achievement of
the first one, because the distortion ascribable to the sole asymmetry of
information of the PLA-TOC on 𝑘, which we have named AI-md direct
effect, leads to a level of investment higher than 𝑒∗(ℎ, 𝑘), in state of the
world ℎ, 𝑘 (see (42)).37

As we have highlighted in Section 2, in our framework the NRA
may employ the access price to regulate the PLA-TOC; this consists in
setting the access price on the basis of the observed state of the rolling
stock 𝑤(ℎ, 𝑒𝑟) = ℎ𝑒𝑟 (condition (25)), which depends on the level of
investment undertaken by the PLA-TOC

𝑝𝑎(𝑘, 𝑒𝑟) = −ℎ𝑒𝑟 − 𝑘𝑚∗(𝑘, ℎ) +
𝑚∗(𝑘, ℎ)2

2
(35)

where 𝑒𝑟 stands for the investment undertaken by a regulated PLA-TOC.
The PLA-TOC’s maximization problem is the same as the one for-

alized in Section 4.3 obtained substituting 𝑝𝑎 with 𝑝𝑎(𝑘, 𝑒𝑟):

max
𝑝,𝑒

𝐸𝑊 𝑃𝐿𝐴𝑟(ℎ) = max
𝑝,𝑒

𝑣
2
(𝜃 + 𝛽𝑘𝑚𝑟(𝑘) + (1 + 𝛽)ℎ𝑒 − 𝑝)2

+
(1 − 𝑣)

2
(𝜃 + 𝛽𝑘𝑚𝑟(𝑘) + (1 + 𝛽)ℎ𝑒 − 𝑝)2

+ (1 + 𝜆)
[

(𝜃 + (1 + 𝛽)ℎ𝑒 − 𝑝)𝑝 − 𝑝𝑎 −
𝑒2

2

]

+ 𝛽
(

𝜆𝑘𝑚𝑟(𝑘) + 𝑘𝑚𝑟
)

𝑝

For ℎ = ℎ, ℎ

The value of 𝑒𝑟 solves

𝑊 𝑃𝐿𝐴𝑟
𝑒 = 𝜆(1 + 𝛽)ℎ𝑝𝑢(𝑒𝑟) −

[

1 + 𝜆 − (1 + 𝛽)2ℎ2
]

𝑒𝑟

+
[

𝜃 + 𝛽𝑘𝑚𝑟(1 + 𝛽) + (1 + 𝜆)
]

ℎ = 0

y substituting 𝑝𝑢 as defined in (27) we obtain

𝑊 𝑃𝐿𝐴𝑟
𝑒 (ℎ) = 𝐸𝑊 𝑃𝐿𝐴𝑢

𝑒 (ℎ) + 𝐿2(𝜆)ℎ = 0 (36)

here 𝐸𝑊 𝑃𝐿𝐴𝑢
𝑒 (ℎ) – defined in (28) – is the first order condition w.r.t.

when the PLA-TOC is not regulated (i.e. it is determined by (24)) and
he additional term in (36) is exactly the externality effect (see (33)).

From (28) and (36) we derive

𝑟 =
(1 + 𝛽)ℎ𝐿1(𝜆)𝜃 + 𝛽(1 + 𝛽)ℎ((1 + 2𝜆)𝑘𝑚𝑟 + 𝜆2𝑘𝑚∗(𝑘, ℎ))

𝐿2𝜆 − (1 + 𝛽)2ℎ2𝐿1(𝜆)
+

+
𝐿2(𝜆)ℎ

𝐿2(𝜆) − (1 + 𝛽)2ℎ2𝐿1(𝜆)
(37)

37 Remember that in state of the world (ℎ, 𝑘) the price effect is null.
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ℎ = ℎ, ℎ

Condition (36) can be easily explained. Since the access price is
a cost for the PLA-TOC, the regulation of its value on the basis of
the observed state of the rolling stock induces the PLA-TOC to take
into account the effect of her own investment on the access price; this
is equivalent to internalizing the effect of investment in the rolling
stock maintenance on the cost of access, i.e. internalizing the externality
effect.38 As a consequence, the distortion of 𝑒𝑟 w.r.t. 𝑒∗ will only be
ue to the asymmetry of information of the PLA-TOC with respect
o 𝑘, i.e. the direct Ai-md effect and the price effect of asymmetric
nformation, both disentangled in (33).

roposition 2. With a regulated private IM, when 𝑘 = 𝑘, the PLA-TOC’s
regulation aimed at internalizing the externality effect leads to underinvest-
ment in the maintenance of the rolling stock. Instead, when 𝑘 = 𝑘, it leads
to overinvestment when ℎ = ℎ, while it can lead to either underinvestment
r overinvestment when ℎ = ℎ.

Note that, for the case (ℎ, 𝑘), the implications of PLA-TOC regulation
in terms of under or overinvestment are ambiguous, in that in this state
of the world the price effect of AI is positive and the Ai-md effect is
negative, and hence the internalization of the externality induced by
the regulation of the PLA-TOC may lead either to (i) a reduction in
underinvestment, (ii) an increase in over-investment, or (iii) a shift
from under to overinvestment in rolling stock maintenance. In the
first case we would have a reduced distortion, in the second case an
increased distortion, while in the third case it would not be possible to
establish a-priori if the distortion increases or decreases.

4.4.1. Welfare effects of PLA-TOC regulation
In what follows we want to assess the welfare effects of regulating

a PLA-TOC by adopting the access price rule (35) instead of rule (24).
This can be done by disentangling both a direct welfare effect, which
oncerns the impact of the two rules on the value of the access price,
nd an indirect welfare effect which captures the impact of removing
he externality effect on sign and size of the distortion of the investment
evel 𝑒𝑢 undertaken by an unregulated PLA-TOC (w.r.t. 𝑒∗ for any pair
ℎ, 𝑘)).

As far as the direct welfare effect is concerned, it is easy to verify
hat since 𝑝𝑎(ℎ, 𝑘) < 𝑝𝑎(ℎ, 𝑘) for 𝑘 = 𝑘, 𝑘, the removal of the externality
ffect raises the investment level undertaken by a PLA-TOC for any ℎ,
.e. 𝑒𝑟 > 𝑒𝑢. Because the access price has a social cost of 𝜆,39 the adoption
f the rule 𝑝𝑎(ℎ, 𝑘) instead of 𝑝𝑎(ℎ, 𝑘) generates a direct expected welfare

gain, denoted by 𝛥𝐸𝑊 𝑑𝑖𝑟, which is equal to

𝛥𝐸𝑊 𝑑𝑖𝑟(ℎ) = 𝜆
[

𝑝𝑎(ℎ, 𝑘) − 𝑟𝑝𝑎(ℎ, 𝑘) − (1 − 𝑟)𝑝𝑎(ℎ, 𝑘)
]

=

𝜆
[

𝑟ℎ𝑒𝑟(ℎ, 𝑘𝑚𝑟) + (1 − 𝑟)ℎ𝑒𝑟(ℎ, 𝑘𝑚𝑟) − ℎ𝑒𝑢(ℎ, 𝑘𝑚𝑟)
]

where 𝑟 is the probability of ℎ = ℎ. By substituting (30) and (37), the
above expression reduces to

𝛥𝐸𝑊 𝑑𝑖𝑟 = 𝜆(1 − 𝑟)
[

ℎ𝑒𝑢(ℎ, 𝑘𝑚𝑟) − ℎ𝑒𝑢(ℎ, 𝑘𝑚𝑟)
]

+ 𝜆𝐿2(𝜆)

[

𝑟ℎ2

𝑆𝑜𝑐𝑒(ℎ)
+

(1 − 𝑟)ℎ
2

𝑆𝑜𝑐𝑒(ℎ)

]

> 0

where 𝑆𝑜𝑐𝑒(ℎ) = 𝐿2(𝜆) − (1 + 𝛽)2ℎ2𝐿1(𝜆)

As far as the indirect welfare effect is concerned, we can state that
he removal of the externality effect increases welfare in that state of

the world where it reduces the size of the distortion of 𝑒𝑢 w.r.t. 𝑒∗. This

38 Here the role of the access charge largely resembles that of pigouvian
axation in internalizing positive externalities.
39 A marginal increase of the access price involves an equivalent welfare
ain due to the related increase in IM’s profit, and a welfare loss of 1 + 𝜆 due
o the related decrease of TOC’s profit and so to an increase of public subsidies.
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unambiguously occurs when the other two effects disentangled in (33),
i.e the direct Ai-md effect and the price effect of asymmetric information,
contribute with the externality effect to generating a level of investment
𝑒𝑢 lower than 𝑒∗. As stated in Proposition 1 this is the case when 𝑘 = 𝑘.

On the other hand, when 𝑘 = 𝑘 we can have either underinvestment
or overinvestment in the unregulated case, given that for ℎ = ℎ,
the Ai-md effect alone would lead to 𝑒𝑢 > 𝑒∗, while for ℎ = ℎ
the direction of the Ai-md effect is ambiguous. This, in turn, implies
that the internalization of the externality effect leads unambiguously to
overinvestment in state of the world (ℎ, 𝑘) (see Proposition 1), while
again the result is in principle ambiguous in state of the world (ℎ, 𝑘).

To sum up, the welfare effect of the internalization of the externality
ffect depends on which outcome occurs in the unregulated case:
verinvestment or underinvestment. The following Proposition holds:

roposition 3. A regulatory access price rule that induces the PLA-TOC
o internalize the effect of the investment in rolling stock maintenance on
he access cost increases the welfare in the states of the world where 𝑘 = 𝑘.
When 𝑘 = 𝑘 it can decrease it, but this is more likely to occur just in the
case where it is more likely that this welfare loss is lower than the expected
welfare gains generated in the other states of the word. Therefore regulation
is likely to be socially valuable.

The consequence of Proposition 3 is quite interesting: regulating the
PLA-TOC may lead to welfare losses in situations where the realization
of the worst state of the world is more likely to occur.

From the obtained results, we can draw the conclusion that the
adoption of an access price rule which induces the PLA-TOC to inter-
nalize the effect of the investment in rolling stock maintenance on the
access cost affects the expected welfare through three channels:

(i) it reduces the access price which increases the expected welfare
in proportion 𝜆.

(ii) It reduces the distortion of the investment in rolling stock
maintenance with respect to the optimal values just in the states of the
world in which 𝑘 = 𝑘.

(iii) In the worst state of the world (i.e. (ℎ, 𝑘)), PLA-TOC regulation
may decrease welfare; this is more likely to occur the higher the a priori
probability associated to 𝑘. However this is just the case where the
welfare gains generated by the regulation of the PLA-TOC in the other
states of the word are not likely to overcompensate the welfare loss in
state (ℎ, 𝑘), so that the expected welfare increase.

5. Conclusions

In this paper, we have provided a first theoretical analysis of re-
gional railway passengers service accounting from the main charac-
teristics of the sector. In a framework in which we assume that the
train operating company is owned and managed by the local gov-
ernment, and there is a national infrastructure manager our model
permits to highlight the misalignment of incentives to investment in
the maintenance of the rolling stock and of the network. In particular,
three sources of inefficiency are identified. The first two sources of
inefficiency are quite standard and are related to the positive ex-
ternalities generated by the investment in the maintenance of the
infrastructure and rolling stock. Thus, due to these externalities there is
underinvestment both in infrastructure and rolling stock maintenance.

The third source of inefficiency is more peculiar to the railway
sector, and to the best of our knowledge, it has never been pointed
out by the theoretical economic literature on railway sector. This
is related to the fact that the productivity of the investment in in-
frastructure maintenance is private information of the infrastructure
manager, i.e. there is asymmetry of information of the train operating
company with respect to the marginal productivity of investment in
infrastructure maintenance. We show that this kind of inefficiency
counterbalance the first two, and it may lead also to overinvestment
in rolling stock maintenance.
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Then, we investigate the consequences of these results for regula-
tion. In a regulatory framework in which:

• the infrastructure manager is induced to implement the optimal
investment in the worst situation;

• the train operating company is regulated through the access price,
so that the externality generated by the investment in rolling
stock maintenance is internalized;

We show that investment decisions may be less efficient then in a
egulatory framework where the train operating company is unregu-
ated, and most importantly this is more likely to occur the higher the
robability that the worst conditions realize (i.e. low IM’s and TOC’s
arginal productivity of maintenance investment).
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ppendix

roof of Eq. (19). Solving (18) w.r.t. 𝑚, substituting (15), and multi-
plying both sides by (−𝑊𝑒𝑒)(−𝑊𝑚𝑚) we get (see the subsequent proof):

𝑚∗(ℎ, 𝑘)(−𝑊𝑒𝑒)(−𝑊𝑚𝑚) = 𝑘(−𝑊𝑒𝑒)𝐿2(𝜆) + 𝛽𝑘𝜃𝐿1(𝜆)(−𝑊𝑒𝑒) +

𝛽(1 + 𝛽)2𝑘ℎ2𝜃𝐿1(𝜆)2

+𝛽2𝑘2(1 + 𝛽)2ℎ2𝐿1(𝜆)2𝑚∗(ℎ, 𝑘) +

𝛽𝑘(1 + 𝛽)𝐿1(𝜆)𝐿2(𝜆)ℎ2

solving by 𝑚∗(ℎ, 𝑘) and using the explicit expression of −𝑊𝑒𝑒 we get:

𝑚∗(ℎ, 𝑘) =
𝑘
[

𝐿2(𝜆) − (1 + 𝛽)2ℎ2𝐿1(𝜆)
]

𝐿2(𝜆)
𝐷(ℎ, 𝑘)

+ (38)

𝛽𝑘𝜃𝐿1(𝜆)𝐿2(𝜆) + 𝛽𝑘(1 + 𝛽)𝐿1(𝜆)𝐿2(𝜆)ℎ2

𝐷(ℎ, 𝑘)
where:

𝐷(ℎ, 𝑘) = 𝑊𝑚𝑚𝑊𝑒𝑒 −𝑊 2
𝑒𝑚 = 𝐿2(𝜆)2 −

[

(1 + 𝛽)2ℎ2 + 𝛽2𝑘2
]

𝐿1(𝜆)𝐿2(𝜆)

From the assumption that second order condition of the social
planner maximization problem are satisfied we have that 𝐷(ℎ, 𝑘) > 0

We can simplifies (38) to obtain

𝑚∗(ℎ, 𝑘) = 𝑘𝐿2(𝜆)

[

𝐿2(𝜆) − (1 + 𝛽)2ℎ2𝐿1(𝜆) + 𝛽𝜃𝐿1(𝜆) + 𝛽(1 + 𝛽)ℎ2𝐿1(𝜆)
]

𝐿2(𝜆)
[

𝐿2(𝜆) −
(

(1 + 𝛽)2ℎ2 + 𝛽2𝑘2
)

𝐿1(𝜆)
] =

𝑘
[

𝐿2(𝜆) + 𝛽𝜃𝐿1(𝜆) − (1 + 𝛽)ℎ2𝐿1(𝜆)
]

[

𝐿2(𝜆) −
(

(1 + 𝛽)2ℎ2 + 𝛽2𝑘2
)

𝐿1(𝜆)
] ■

Proof of Eq. (38). Substituting (15) in (38) gets

𝑚∗(ℎ, 𝑘)(−𝑆𝑜𝑐𝑒(ℎ))(−𝑆𝑜𝑐𝑚(𝑘)) =𝑘(−𝑆𝑜𝑐𝑒(ℎ))𝐿2(𝜆) + 𝛽𝑘𝜃𝐿1(𝜆)(−𝑆𝑜𝑐𝑒(ℎ)) +
(39)

𝛽𝑘(1 + 𝛽)2ℎ2𝐿1(𝜆)2𝜃

+ 𝛽2𝑘2(1 + 𝛽)2ℎ2𝐿1(𝜆)2𝑚∗(ℎ, 𝑘)+

𝛽𝑘(1 + 𝛽)ℎ𝐿1(𝜆)𝐿2(𝜆)ℎ

here

−𝑆𝑜𝑐𝑒(ℎ) = 𝐿2(𝜆) − (1 + 𝛽)2ℎ2𝐿1(𝜆)

𝑆𝑜𝑐𝑚(𝑘) = 𝐿2(𝜆) − 𝛽2𝑘2𝐿1(𝜆)

𝑚∗(ℎ, 𝑘)
[

(−𝑆𝑜𝑐 (ℎ))(−𝑆𝑜𝑐 (𝑘)) − 𝛽2𝑘2(1 + 𝛽)2ℎ2𝐿 (𝜆)2
]

12

𝑒 𝑚 1
𝑘(−𝑆𝑜𝑐𝑒(ℎ))𝐿2(𝜆) + 𝛽𝑘𝜃𝐿1(𝜆)(−𝑆𝑜𝑐𝑒(ℎ)) +

𝛽𝑘(1 + 𝛽)2ℎ2𝐿1(𝜆)2𝜃 + 𝛽𝑘(1 + 𝛽)ℎ𝐿1(𝜆)𝐿2(𝜆)ℎ

ith

(ℎ, 𝑘) =
[

(−𝑆𝑜𝑐𝑒(ℎ))(−𝑆𝑜𝑐𝑚(𝑘)) − 𝛽2𝑘2(1 + 𝛽)2ℎ2𝐿1(𝜆)2
]

=

𝐿2(𝜆)2 − (1 + 𝛽)2ℎ2𝐿1(𝜆)𝐿2(𝜆)

− 𝛽2𝑘2𝐿1(𝜆)𝐿2(𝜆) > 0

By substituting −𝑆𝑜𝑐𝑒(ℎ) in (39) the result follows. ■

Proof of Proposition 1.

1. For 𝑘 = 𝑘 and ℎ = ℎ, ℎ the AI-md effect turns out to be:

𝑘𝑚∗(ℎ, 𝑘) − 𝑘𝑚(𝑘, 𝑠∗𝐼 ) = 𝑘𝑚∗(ℎ, 𝑘) − 𝑣𝑘𝑚∗(ℎ, 𝑘) − (1 − 𝑣)𝑘
2
𝑚∗(ℎ, 𝑘)∕𝑘

= 𝑘𝑚∗(ℎ, 𝑘) − 𝑚∗(ℎ, 𝑘)
𝑣(𝑘2 − 𝑘

2
) + 𝑘

𝑘
(40)

where the latest inequality follows from the assumption that 𝑘 < 𝑘,
noticing that 𝑚∗(ℎ, 𝑘) > 𝑚∗(ℎ, 𝑘), and that 𝑣 ∈ [0, 1]. From (33)
valuated at (𝑘, ℎ) we get:

𝑊𝑒(𝑘, ℎ, 𝑒𝐴𝐿(ℎ, .)) > 0 ⟺ 𝑒𝐴𝐿(ℎ, 𝑘𝑚(𝑘, 𝑠∗𝐼 )) < 𝑒∗(ℎ, 𝑘) forℎ = ℎ, ℎ (41)

. for 𝑘 = 𝑘, ℎ = ℎ. The AI-md direct effect becomes

𝑘𝑚∗(ℎ, 𝑘) − 𝑣𝑘𝑚𝑟(𝑘) − (1 − 𝑣)𝑘𝑚(𝑘) =

−
(1 − 𝑣)(𝑘

2
− 𝑘2)𝑚∗(ℎ, 𝑘)
𝑘

< 0 (42)

which implies that by the sole AI-md direct effect, the TOC would realize
a level of investment higher than 𝑒∗.40 For 𝑘 = 𝑘, ℎ = ℎ. The AI-md direct
effect becomes

𝑘𝑚∗(ℎ, 𝑘) − 𝑘𝑚𝑟 = 𝑘𝑚∗(ℎ, 𝑘) − 𝑣𝑘𝑚∗(ℎ, 𝑘) − (1 − 𝑣)
𝑘
2
𝑚∗(ℎ, 𝑘)
𝑘

which can be written as

𝑘𝑚∗(ℎ, 𝑘) − 𝑘𝑚𝑟 = −(1 − 𝑣)
⎡

⎢

⎢

⎣

𝑘
2
𝑚∗(ℎ, 𝑘)
𝑘

− 𝑘𝑚∗(ℎ, 𝑘)
⎤

⎥

⎥

⎦

(43)

+𝑘
[

𝑚∗(ℎ, 𝑘) − 𝑚∗(ℎ, 𝑘)
]

where the first term is the AI-md direct effect in state of the world
(ℎ, 𝑘) and is negative (condition (42)) while the second term is positive.
Therefore, in this case, the AI-md direct effect can turn out to be either
positive or negative, pushing the PLA-TOC towards underinvestment or
overinvestment respectively.

(a) The analysis carried out above shows that the sign of the overall
effect of the asymmetric information of the PLA-TOC about 𝑘 on the
investment in rolling stock maintenance cannot be univocally deter-
mined. However, since from (43) it is clear that the magnitude of the

40 It is informative to break down the above effect into the one due
to asymmetry of information and the one due to the distortion w.r.t. the
benchmark of the investment level chosen by the IM. To do this, let us add
and subtract (1 − 𝑣)𝑘𝑚∗(ℎ, 𝑘) in (42), which can be written as

−(1 − 𝑣)
[

𝑘𝑚∗(ℎ, 𝑘) − 𝑘𝑚∗(ℎ, 𝑘)
]

+ (1 − 𝑣)
[

𝑘𝑚(ℎ, 𝑘) − 𝑚(𝑘, 𝑠∗𝐼 )
]

here the first term captures the effect of the asymmetry of information when
he levels of investment chosen by the IM are equal to the benchmark level for
ny value of k, whereas the second term captures the effect of the distortion
n the investment level of IM for 𝑘 = 𝑘. Since the first term is negative while

the second is positive, it follows that the over-investment effect in (42) is due
to the effect of asymmetry of information which more than compensates for
the underinvestment due to the distortion in the investment level of IM.
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AI-md direct effect is greater in state of the world (ℎ, 𝑘) than in the state
f the world (ℎ, 𝑘), we are able to state that when underinvestment in
olling stock maintenance emerges in state of the world (ℎ, 𝑘), it will
merge even more strongly in state of the world (ℎ, 𝑘).41

b) On the other hand, when overinvestment in rolling stock mainte-
ance emerges in state of the world (ℎ, 𝑘) either overinvestment (even

though lower than in the case (ℎ, 𝑘)) or even underinvestment may
emerge in state of the world (ℎ, 𝑘). ■

Proof of Proposition 2. By substituting (33) into (36) and subtracting
this latter from (14) evaluated at 𝑒𝑟 we obtain:

𝑊𝑒(𝑒𝑟) = 𝑊𝑒(𝑒𝑢) − 𝐿2(𝜆)ℎ =

(1 + 2𝜆)𝛽(1 + 𝛽)ℎ
⎡

⎢

⎢

⎣

𝑘𝑚∗(ℎ, 𝑘) − 𝑣𝑘𝑚∗(𝑘, ℎ) − (1 − 𝑣)
𝑘
2
𝑚∗(𝑘, ℎ)
𝑘

⎤

⎥

⎥

⎦

+ 𝜆2𝛽(1 + 𝛽)ℎ(𝑘𝑚∗(ℎ, 𝑘) − 𝑘𝑚∗(𝑘, ℎ))

where the second line refers to the direct Ai-md effect and the third line
to the price effect of AI. From (34), (42), and taking into account that
the price effect is null for 𝑘 = 𝑘, ℎ = ℎ and negative in all the other
cases, it follows that

𝑊𝑒(𝑒𝑟) > 0 ⟺ 𝑒𝑟 < 𝑒∗

for 𝑘 = 𝑘, ℎ = ℎ, ℎ

𝑒(𝑒𝑟) < 0 ⟺ 𝑒𝑟 > 𝑒∗

for 𝑘 = 𝑘 and ℎ = ℎ ■

roof of Proposition 3. If 𝑒𝑢 > 𝑒∗, the removal of the externality effect
s welfare reducing because it increases the overinvestment distortion
f an amount equal to 𝑒𝑟 − 𝑒𝑢. Note that this result is more likely to
rise the lower the probability that just the state 𝑘 occurs is.

On the other hand, if 𝑒𝑢 < 𝑒∗, the removal of the externality effect
enerates two opposite welfare effects: a welfare gain to the extent that
t eliminates the underinvestment equal to 𝑒∗ − 𝑒𝑢, and a welfare loss

to the extent that it leads to an overinvestment equal to 𝑒𝑟 − 𝑒∗.
Let us analyse these two cases for state of the world (ℎ, 𝑘), which is

of special relevance from a regulatory viewpoint as it is the worst state
of the world.

In the case of 𝑒𝑢 < 𝑒∗ < 𝑒𝑟, the regulation of a PLA-TOC is
socially valuate if the expected loss arising from the elimination of the
externality effect (measured by 𝐿2(𝜆)ℎ) in state of the world (ℎ, 𝑘) is
ower than the expected gain occurring in the other states of the world.
his is obviously more likely to occur the lower the probability that
tate of the world (ℎ, 𝑘) occurs is. ■
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