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1 Introduction

The privatization and deregulation of railways in Europe is taking up speed.
Several European countries are moving from the traditional state monopoly
to private ownership structures and are implementing various forms of compe-
tition. Infrastructure monopoly structures remain in place, whereas railway
services are subjected to competition. These institutional changes have met
with mixed support in the general public, to put it mildly. In particular,
a widespread concern is that privatization leads to a deterioration of rail-
services, brought about by a lack of incentives to invest in infrastructure.
More specifically, vertical separation in the railway sector is often seen as
the main culprit for insufficient investment into the improvement of network
quality. The Economist (July 3, 1999, 67) echoes this view in its description
of the British case:

“The promised investment of £27 billion [...] by Railtrack,
which owns the track and the stations, is a sham — almost
two-thirds of it is routine maintenance. Unless the incentives
in the system change to make investment worthwhile, it will stay

a sham.”

In this paper, we shall focus on this claim of insufficient investment. We
analyze the effects of alternative institutional arrangements on the incentives
to invest in network quality. Our analysis will, however, compare different
types of privatized industries, rather than privatized and state industries.

The institutions shaping privatized railway industries differ widely across
countries. For instance, competition for railway services can be combined
with various degrees of vertical integration. The approach taken in Great
Britain is the most radical: the network is owned by a monopolist (Rail-
track) who is not allowed to provide railway services. Railway services are
supplied by independent train operating companies (TOCs). Hence, full ver-
tical separation obtains.! At the other extreme is the approach adopted in

Switzerland, where network owners are free to provide railway services in

1See Preston (1996) and the references therein for further details.



addition to infrastructure. In this sense, full vertical integration applies in
the Swiss case.? Other countries take intermediate approaches. In Germany,
for example, the network provider DB Netz AG is formally separated from
the (downstream) service providers. Nevertheless, these firms are allowed to
belong to one holding for the time being (Lindemann and Oelschliager 1998).3
Apart from the extent to which network owners’ downstream activities are
tolerated, there are considerable differences with respect to network access
for train operating companies. For example, in Great Britain, the right
to run passenger trains on particular segments of the network is auctioned
off by a franchising agency (Office of Passenger Rail Franchising, OPRAF).
The successful bidder enjoys a local monopoly for a limited period of time,
usually five to seven years. In addition, the franchisee pays access charges to
the network provider Railtrack, which are negotiated between Railtrack and
OPRAF (Preston 1996; Preston et al. 2000).* In Germany and Switzerland,
there are two different forms of getting access to particular segments of the
network. The first pertains to firms that win the competition for the provision
of public railway services specified by local and national traffic authorities.
Such firms are granted exclusive rights (“concessions”) to provide public
services on designated network segments.® The second concerns the providers
of services which are not specified by traffic authorities. For these firms,
the principle of open and non-discriminatory network access applies, which
assures the right to run trains on designated parts of the network during
specific time intervals. Thus, several different companies can—at least in
principle—run trains on the same part of the network at different times.
Finally, access tariffs can be determined in many ways. For example, they

could be set freely by the network provider. However, since the provision of

2See Federal Department of the Environment, Transport, Energy and Communications
(1996).

3See Van de Velde et al. (1999) for a recent survey of the reform in the railway industry.

4This is only true for passenger traffic; for freight transport, access rates result from
negotiations between Railtrack and the train operators.

5Nevertheless, other firms can get non-discriminatory access to the designated segments
as well, provided that they produce sufficiently differentiated products that do not directly
compete with public services.

6See the Council Directive 91/440/EEC which describes the minimal standards for the
reform of European railways. The Swiss reform largely adheres to these principles.



the network infrastructure is generally viewed as a natural monopoly, access
tariffs are usually set or at least restricted by a regulatory authority.” Tariffs
also differ in the extent to which quality is rewarded by higher access rates.
There is usually a small number of different quality categories, within which
the access price is unaffected by network quality. In Germany, for exam-
ple, there are six classes of railway lines, differing with respect to maximum
allowable speed. Additional quality categories do not enter access prices
(Haase 1998, 463). In Switzerland, the track quality is a determinant of the
markup of the access charge over the so called “normalized marginal cost”.
This markup is defined by the regulatory authority and uniform throughout
the country. Consequently, the relationship between network quality and ac-
cess prices is highly imperfect, and higher quality is only partly rewarded by
higher access prices for network owners. We shall explore the implications of
these imperfect rewards for quality provision.

Another important issue is whether access prices are strictly linear in the
amount of network access demanded by a train operator, or whether fixed
components are used. In the countries mentioned above, various types of
tariff systems have been adopted. In Great Britain, for instance, tariffs are
non-linear and over 90% of Railtrack’s access revenues are generated by the
fixed component (British Office of the Rail Regulator 1999 [ORR], 1.17). In
Germany, the recently introduced “infracard” system allows train operating
companies to opt for two-part access tariffs with a fixed component and a
relatively low variable component rather than a linear tariff.® In Switzer-
land, in turn, access tariffs are linear and regulated by the Federal Office of
Transport.

To investigate the effects of these institutional differences, we model an
industry in which an essential input (the network infrastructure) can be pro-

vided at various quality levels. High network quality is costly to provide, but

"See Laffont and Tirole (1996) for a non-technical review of the theory and practice of
regulating access prices.

8The system has been introduced mainly because it is expected to have a positive effect
on the number of trains provided by the transport operating companies (Knieps 1998).
We shall argue in this paper that the two-part access tariff system has additional benefits
in terms of generating investment incentives.



increases the value of the industry’s final output to the consumer,® which
we model as an outward shift of the demand schedule. Under vertical inte-
gration, a single firm decides on investment levels and output prices. Under
vertical separation, the upstream firm (the infrastructure owner) decides on
the quality of the network and sells the right to use the network to a down-
stream firm (the train operating company) that provides the final product.
The downstream firm, in turn, pays an access price which is determined ac-
cording to the rules specified by the regulatory regime, but is independent of
network quality. This property of the access price is a convenient assumption,
since it allows us to isolate the effects of different institutional arrangements
on the investment incentives from those generated by variations of the access
price sensitivity with respect to quality.!’

We shall analyze quality investment incentives under various institutional
arrangements and compare them with the social optimum (see Figure 1).
Even though we develop our model in the context of the railway industry,
our analysis is also relevant to other network industries where the quality
of infrastructure plays an important role in determining demand, such as

telecommunications, electricity, etc.

‘ Institutional Arrangements ‘

Basic Model Competition for the Market

‘ Vertical Integration ‘ ‘ Vertical Separation ‘ ‘ Vertical Integration ‘ ‘ Vertical Separation ‘

]
‘ ‘ More General Access Charges

‘ Linear Access Tariffs ‘ ‘ Non-linear Access Tariffs ‘

Figure 1: Various institutional arrangements

9For example, a high quality railway network will tend to reduce delays, allow for higher
speed, shorten connection times and so forth.

10Access charges which respond according to network quality could, in theory, induce
any desired quality level. The practical applicability of such a concept, however, is limited
by considerable monitoring and enforcement problems.



The main results are as follows. First, incentives to provide quality
are usually positive: even though access prices are assumed to be quality-
independent, access revenues are not, as long as demand increases with qual-
ity. Second, with linear access prices incentives to invest are generally smaller
under vertical separation than under integration. This is partly due to the
familiar vertical externality argument that a separated upstream monopolist
tends to ignore positive effects on downstream profits. However, we show
that this is not the whole story, as a move from separation to integration
also affects retail prices, which has subtle demand effects. Third, introduc-
ing downstream competition has ambiguous effects on quality. Compared to
separation without downstream competition, a potential positive effect on
quality arises because with downstream competition, retail prices are inde-
pendent of quality (since they are driven down to the quality-independent
access charge), whereas in the case without competition, a price increase re-
sulting from higher quality may reduce demand and thus make investment
undesirable. However, we also show that for some demand functions, a coun-
tervailing effect might arise. Fourth, with non-linear access prices investment
incentives of network owners are the same as in the integrated case, if the
network owner can set the fixed components of access tariffs so as to extract
the entire downstream profit.

The last two claims may appear somewhat disturbing given the British
evidence that investment by the network owner Railtrack has been insuffi-
cient, even though downstream competition and non-linear access pricing are
prominent characteristics of the institutional framework. As we will explain
below, the difference stems from the fact that in the British case the fixed
component is essentially exogenous, whereas we allow for some flexibility.

The plan of the paper is as follows. We first introduce our analytical
framework (section 2). Then we investigate investment incentives under ver-
tical integration and vertical separation with linear access prices in the ab-
sence of competition (section 3). In section 4, we consider competition for
the market and non-linear access prices as potential means of improving in-
vestment incentives. Finally, we summarize our results, discuss conclusions

and outline the scope for further research (section 5).



2 The Basic Set-Up

This section develops a simple model of quality-enhancing investment. The
set-up is not chosen to represent a specific institutional setting, such as the
British or any other particular regulatory framework within our model. In-
stead, we shall employ the model to study the effects alternative institutional

settings have on the incentives to invest in infrastructure quality.

2.1 General Assumptions

We consider an industry with a vertical structure. Suppose that in order to
produce the final output (e.g. “total passenger kilometers”), the producer
of this output needs access to an intermediate good (e.g. the right to use a
certain amount of track kilometers during a specified period of time). Assume
for simplicity that to produce one unit of the industry’s final output, one unit
of the intermediate good is required. This intermediate good can be provided
at various quality levels. Demand for the final good takes the form D(p, ),
where p is the price of the final output, and 6 denotes the quality level. The
demand function satisfies D, = 9D(:)/dp < 0 and Dy = dD(-)/96 > 0.1
Hence, a price increase reduces demand for the final good, and a quality
increase shifts the demand schedule outwards.!? Providing quality is costly,
which is captured in a strictly increasing cost function K(#). In addition,
there is a fixed cost F' of running the network. For notational simplicity, we
abstract from variable costs of running the network.

The production of railway services is modeled in two stages as follows:

e stage 1: The quality level 6 of the network infrastructure is deter-
mined, either by a vertically integrated monopolist M or a separated

(“upstream”) network operator U.

e stage 2: The integrated monopolist M or a (“downstream”) service

provider D sets the price for railway services.

" Throughout the paper, subscripts denote partial derivatives.

12\We abstract from other aspects of output heterogeneity, such as the fact that some
rail services are provided on different lines, at different times of day, and for different types
of costumers (passenger or freight services).



For vertical integration, the network owner is thus facing an optimization
problem, whereas in the case of vertical separation, firms D and U play a
simple sequential game. We now derive the relevant profit functions that will

later be used to determine the incentives to invest in quality.

2.2 Example 1: Vertical Integration

Assume first that both the railway network and the railway services are
provided by the same unregulated monopolist M. This integrated firm’s
profit function is I’ (p, §) = pD(p,0) — K(0) — F.

Optimal behavior by the monopolist requires the maximization of profits
with respect to p and . Suppose a unique solution p’(6) for the pricing
problem under vertical integration exists for every #.'* Then the integrated

firm’s profit function can be written as a function of 6, i.e.

We now turn to the case of vertical separation.

2.3 Example 2: Vertical Separation with Linear Access

Prices and without Competition

Suppose now that the industry is served by a chain of monopolies. This is
an extreme way to model a vertically separated industry. In most real-world
examples, there is some degree of downstream competition, at least poten-
tially. We use the downstream monopoly as a benchmark; later sections will
explore the implications of introducing competition. The upstream firm U
takes investment decisions and provides the network to a downstream firm
D, which provides a unit of the final good at price p. Again, we assume that

the price for the final good is not regulated. For now, we confine ourselves to

130ne way to ensure the existence of a unique solution would be to suppose that there
is a price level at which the first-order condition HII) = 0 holds, and that, in addition, 17
is concave in p. Our arguments apply more generally, however, and we shall therefore not
explicitly demand that these conditions hold.



linear access prices,'* that is, for each unit of network access, D pays an ac-
cess charge a > 0 to U. To model the idea that access charges usually do not
fully reflect network quality, we assume that the regulator sets a completely
independent of quality, and we explore whether alternative mechanisms exist
to induce quality provision. Further, we assume that the upstream monopo-
list is able to break even, i.e. 30 such that 1Y = aD(p,0) — K(0) — F > 0.
Except stated otherwise, a is determined by the regulator.

Consider the downstream firm’s behavior first. Given 6 and a, the sepa-

rated downstream firm D chooses p so as to maximize its profit

HD(pa 9) = [p - a]D(p, 9) (2)

Assuming that there is a unique retail monopoly price pf(a,6) solving this

problem, the upstream firm U chooses 6 so as to maximize
HU(aa 9) = a[D(pR(a, (9), 9)] - K(G) - F (3)
Total industry profits IIP + 11V under separation are then

7 =1° + 1Y = pfi(a,0)D(p"(a,0),0) — K() — F. (4)

2.4 The General Form of Profit Functions

Let us compare the profit functions of the firms taking the quality decision
under vertical integration and separation ((1) and (3), respectively). Observe

that these profit functions have the common form
11 =p"(0)D (p"(0),0) — K(0) — F, ()

where IT denotes the relevant profits, p®(#) is the price paid by downstream
costumers for the provision of the final good (the ‘retail price’) and pY(6)
is the price per unit of demand obtained by the firm taking the quality
decision. More specifically, p¥(6) = pf(6) = p’ () under vertical integration;

under separation, however, pV(0) = a and p®(0) = p®(a,0). The general

14Non-linear access tariffs will be discussed in section 3.3.



structure of profits represented by (5) is applicable to all institutional settings
considered in this paper.

On a general level, the marginal incentives to invest in quality are thus
easily determined. Defining D(f) = D (p™(0),0) and differentiating the rev-
enue function 7 = pUl/j(G) with respect to quality yields the investment

incentives
o = p” (0) Dy + pf D(0). (6)

Note that throughout the paper, II indicates profit functions, whereas =
denotes revenue functions (since the cost function K (#)is not affected by
institutions, it is enough to consider revenue functions to compare investment
incentives for different institutions). Applying straightforward calculations,

we obtain
139 :Dppgz—i—Dg (7)

Inserting this into (6) an rearranging terms yields

w9 =p"Dy-pg +py D+ p”Dy. (8)
N\ -~ / W—/
price-mediated direct
effect effect

Equation (8) shows more explicitly how a marginal quality increase affects
the relevant revenue. There is a direct effect of a quality increase which is
generally positive, and a price-mediated effect with an ambiguous sign. We
will show in section 3.2 that the sign of the price-mediated effect depends on

the type of quality-enhancing investment considered.

3 Comparison of Institutional Arrangements

We now use the framework developed above to compare investment incen-
tives under various institutional regimes. We start with the comparison of

the two regimes already introduced, i.e. vertical integration and vertical

10



separation with linear access prices and without downstream competition.
Section 3.1 briefly reviews a simple comparative statics result that we shall
often use. Section 3.2 provides an auxiliary result about the effects of quality
on downstream prices and quantities. In section 3.3, we compare investment

incentives; in section 3.4, we briefly touch upon welfare considerations.

3.1 Preliminaries on Comparative Statics

For the comparison of investment levels in different institutional regimes, we
use the following simple result, which is a direct implication of Milgrom and
Roberts (1990, Th. 5).

Lemma 1 Consider the following maximization problem:

max, f(z,a) s.t. € RY, where o € {a1, a2} and f(x,a) is a differentiable
function such that % (x,0q1) > % (x,q) for all x. Suppose a unique maxi-
mum x* (o) exists for each a € {ay,as}. Then

¥ (o) > a* (ag) .1

Intuitively, lemma 1 simply means that if the value of the derivative is
higher for arbitrary values of x, the incentive to increase x is higher. For
the investment problem considered here, this result implies that the higher
the value 7y of the revenue function’s derivative with respect to quality, the

higher is the incentive to invest in quality.

3.2 The Type of Investment

As indicated above, much of the following will depend on the nature of in-
vestment, specifically on how the quality improvement affects the equilibrium
retail price p® and the demand. One might expect that higher quality will
unequivocally lead to higher prices and higher output. For simple demand

functions, such as D (p,0) =1 — p + 0, this is indeed the case.'® In general,

15Note that the result does not require concavity of f(-) in z, just existence of a unique
global maximizer. In fact, the result by Milgrom and Roberts has a more general formu-

lation for set-valued optima and non-differentiable functions.

16Simple calculations show that % = % and % = %

11



however, it is possible that either price or output decreases as a result of a
quality increase. For simplicity, suppose that the following natural assump-

tion is satisfied:

(A 1) The regulator sets the access price always lower than the retail price,
ie. pt>a>0.

With this assumption, we obtain the following result.

Lemma 2 (Types of investment)

D s concave.

Assume that the downstream firm’s revenue function
(1) Suppose that Dyg is positive and sufficiently large. Then pf > 0 and
Dy < 0 (Regime 1).

(i4) Suppose that the absolute value of Dyy is sufficiently small. Then pft > 0
and Dy > 0 (Regime 2).

(i73) Suppose that D,y is negative with sufficiently large absolute value. Then
pi <0 and Dy > 0 (Regime 3).

Proof. According to lemma 1, sign(pf) > (<) 0 if

7l = [pf — a]lDpy + Dy > (<) 0,

po
or Dyp > (<) — p{? %~ In equilibrium, p§ is given by
dpf _ T _ _ P~ alDy + Dy
do b 2D, + [p® —a| D,

Substituting pf into Dy = D, - pi + Dy and transforming yields sign(ﬁg) >
(<) 0if

Dy D
Dp9 < (>)Hp <pR _P a

0,)

The respective statements on the three different regimes now follow immedi-
ately from Dy >0, D, <0 and D, <0. =

To understand this result, one needs to clarify what lies behind Dpy. Intu-

itively, a positive value of D,y stands for cases where the demand-enhancing

12



effect of quality is particularly strong for high prices, for instance, because the
investment is particularly valuable to customers with a high willingness to
pay for rail services (Regime 1). The railway company would then increase
prices after the investment, thereby attracting high rents from costumers
with high willingness to pay while possibly loosing total demand. Similar

interpretations hold for regimes 2 and 3.

3.3 Comparison of Investment Incentives

We now analyze of investment incentives under various institutional arrange-
ments, applying the analytical framework developed in the last two sections.
To begin with, recall that p = p® = p!(0) in the case of vertical integration,
and demand is evaluated at (p!(6), ). From (8), the investment incentive is
thus

mg=1"(0) - Dp(p'(0),0) - ps + 1y - D(p'(0),0) + ' (0) - Do(p' (0),6).  (9)

Assuming that for each quality the price is chosen so as to satisfy the first-
order condition 7! = D(p’(6),0) + p'(#) - D,(p'(0),0) = 0, equation (9)

p
simplifies to

g = p'(0) Do (p' (), 0). (10)

Compare this result with the more general formulation of equation (8). In-
spection of (10) shows that 7} is simply the direct effect of a quality increase.
That is, the price-mediated effect of a quality increase on profits is zero at the
profit maximum. The intuition of this result is straightforward. At the profit
maximum, a marginal price change has no effect on the firm’s revenue.!”

Under vertical separation, the relevant prices are p® = pfi(a, ) and pV =

a. The investment incentive is
w5 = aDy = a [D,(p™(a,0),0) - pi + Do(p™(a,6),6)] . (11)

The next result follows immediately from lemma 2.

7This result is of course an application of the envelope theorem.
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Proposition 1 In Regime 2 and 3, investment incentives under vertical sep-

aration are positive as long as (A 1) holds.

Even though the result is very simple, it is informative with respect to
the claim that separated network monopolists face literally no incentives to
invest in quality if access charges are insensitive to quality levels. Proposition
1 shows that such a stark claim is false, because even if access charges are
insensitive to quality, the upstream monopolist is rewarded for higher quality
by higher access revenues, provided that quality is in fact demand enhancing.

To be sure, the argument depends essentially on the assumption that the
access price is greater than marginal cost (i.e. a > 0, as we have normalized

marginal cost to zero): otherwise, as ORR (1999, 4.1) notes:

“if the variable access charge in the track access agreements
are based on the incremental costing in the short term from in-
creased use, this should mean that Railtrack is broadly indifferent

to the utilization of the network”.

We now proceed to analyze under which conditions the weaker claim
that innovation incentives are stronger under vertical integration than under
separation is correct, i.e. m) > 5. To this end, we apply equation (8) to
both cases. Consider the price-mediated effect. Under vertical integration,
this effect was zero. Under separation, the sign of the price-mediated effect
(aDp . pgz) is generally negative, as increasing prices reduces demand, except
in Regime 3 (see lemma 2).

Now, consider the direct effect. Note that p¥ = p® under vertical integra-
tion. Using (A 1), we conclude that pY is larger under vertical integration
than under separation. The direct effect pU Dy of quality on profits is thus
larger in the former case, unless the demand effect under separation is much
higher than under integration, that is, unless Dp(p®(a,#),6) is much higher
than Dy(p’(0), ). To see how these demand effects compare, some additional

observations are helpful.

Lemma 3 p!(0) = pf(0,0).

14



This statement is true because both prices correspond to monopoly prices
of firms serving the downstream market with zero marginal costs. Hence, we
can treat vertical integration as the boundary case of vertical separation with
a = 0. We can therefore use the unified notation p®(a,6) to include both
the retail price under separation if a > 0 and the price under integration,
pf(0,0) = p’(0) if a = 0.

The next observation follows immediately from total differentiation of
the first-order condition for equilibrium retail pricing. It resembles the well-
known double markup argument that in a chain of monopolies the resulting
price of the downstream firm is higher than what the integrated firm would
charge.!®

Lemma 4 p%(a,0) is strictly increasing in a. In particular, p&(a,0) > p’(0)

for arbitrary positive access prices a.

The intuition is straightforward: Increasing the access tarift a is equiv-
alent to increasing the marginal cost of the downstream firm. Applying
lemma 3 and 4 yields the conclusion that the direct demand effect of a qual-
ity increase Dy(p(6),6) can only be larger under vertical separation if D,y is
positive.

Summing up, (i) the price-mediated effect supports higher investment in-
centives in the case of integration, unless we are in Regime 3, that is, unless
D,y is negative with high absolute value, and (ii) the direct effect reinforces
the price-mediated effect unless D,y is very positive. The following proposi-
tion summarizes these countervailing effects and presents the net results for

the three Regimes considered above.

Proposition 2 (Integration vs. Separation) Suppose (A 1) holds.

(i) In Regime 1, the incentive to invest in quality is stronger under vertical
integration than under separation, i.e. o (p(0,0),60) > m (p™(a,0),6) for
a > 0.

(17) In Regime 2, the incentive to invest in quality is stronger under vertical

8Note that lemma 4 does not reflect a double mark-up in a strict sense, since the access
charge a is not chosen by the upstream firm but exogenously set by the regulator.

15



integration than under separation, except possibly if Dy is positive and suf-
ficiently large.
(13) In Regime 3, the incentive to invest in quality may be stronger under

vertical separation than under integration.

Proof. Using (10) and (11), integration yields stronger innovation incen-

tives than separation if
P (0)Dy(p"(0),0) > aDp=a [D,(p"(a,0),0) - pg + Do(p™(a,0),6)] .

(i) For Regime 1, lemma 1 implies 139 < 0. Hence, the right-hand side of this
inequality is negative and the claim immediately follows.

(ii) For Regime 2, lemma 1 gives D, (p"(a,0),0) - p} < 0 . Hence, it suffices
to show that, a > 0 implies p!(8) Dy(p’(0),0) > aDy(p*(a, ), 0).

As p'(#) > a by (A 1), this condition clearly holds if Dy(p’(6),0) >
Dy(p*(a,0),0). By lemma 1, integration thus yields higher incentives pro-
vided Dpg < 0 or at least not very high.

(iii) In Regime 3, the very negative values of D,y lead to pft(a,f) < 0, which
gives a positive first term in brackets that is absent under integration. How-
ever, Dy is higher in the integration case than in the separation case. It is

unclear which of these effects dominates. =

One might ask why investment incentives are not always larger under inte-
gration than under separation. Following the well-known vertical externality
rationale an economic agent underinvests if he cannot fully appropriate the
returns on investment (see e.g. Hart 1995). Such a vertical externality indeed

exists, i.e. increasing upstream quality increases downstream profits:'?
1P = ptt - D(8) + [p"(a,0) — a] Dy(8) > 0. (12)

However, proposition 2 demonstrates that this argument is too simple in the

context considered here. Integration does not only mean that the effect of

9This is true because the downstream firm can always leave the price unchanged as
a reaction to a quality increase, yielding minimal additional profits of [pR(a, 0) — a] Dg.
Hence, an agent who maximizes total industry profits p?(a, §) - D (pR(a, 0), 9) —K()-F
rather than upstream profits would choose a higher investment level.

16



quality on downstream profits is considered by the investing party, which,
to repeat, would tend to increase investment incentives. It also means that
downstream prices fall from p’i(a,6) to p!(6), i.e. the double markup is elim-
inated: to recall, the objective under integration is p’(d) - D (p’(6),0) —
K (0) — F. This in turn implies that the vertically separated upstream firm
might, in principle, have higher incentives to invest than an integrated firm
if the quality increase enhances demand more strongly for higher retail prices
(Dpg > 0)—Dbut this effect must be sufficiently strong to outweigh the stan-

dard vertical externality.

Table 1: Summary of results

ey (ID)

Institutional al — gV = 7P i
Arrangements
VS/LP p'(a,0)D(p(a,0),0)  p(0,0)D(p™(0,0),0)
—aD(p"(a,0),0) —p*(a,0)D(p"(a,0),0)
vs/pe aD(a,0) p(0,6)D("(0,0),6)
—aD(a,0) —aD(a,0)
=0

VS/NLAT p(0,0)D(p(0,0),0) p(0,0)D(p(0,0),0)
( ( ( (

legend:

VS/LP: Vertical Separation/Linear Prices

VS/DC: Vertical Separation/Downstream Competition

VS/NLAT: Vertical Separation/Nonrestricted Non-linear Access Tariffs

The first row of Table 1 summarizes this idea. The difference between the
revenue of a vertically separated upstream firm 7V and an integrated firm
7l is the sum of 77 — 7Y = 7P (column I) and 7! — 77 (column II), where
71" denotes total industry revenue under vertical separation. The derivative
of the first expression (7} > 0) reflects the familiar vertical externality of

quality enhancement on downstream revenue. The derivative of the second
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expression (O(m! — 7)) /90) reflects the markup effect resulting from the fact

that prices are usually not the same in the separated and integrated case.

3.4 The Social Welfare Benchmark

Let us compare the investment incentives derived under vertical integration
and separation with those in the welfare optimum. We briefly adapt a familiar
underinvestment result for monopolistic firms derived by Spence (1975) to

our setting. Consider vertical integration. Let
s= [ Doy (13)
pR
be the consumer surplus, and
I = p™D(p", 0) — K(6) — F (14)

the integrated monopolist’s profit for any given price p¥. Total surplus is
then W = S + II’. Hence, the following relation obtains:

Wy =Sy +1Ij = / Dy(p,0)dp + 1T > T1}. (15)
pR

Thus, for I} = 0, we must have Wy > 0. In other words, at any given
price p’t, the vertically integrated monopolist underprovides quality relative
to the social optimum. Hence, in those cases where vertically separated firms
provide less quality than integrated firms, vertical integration is preferable

to vertical separation.

4 Means to Improve Investment Incentives

4.1 Competition for the Market/Linear Access Prices

We now analyze the effects of competition on investment incentives. Demsetz
(1968) pointed out that for a natural monopoly—competition for the market
in the form of franchise bidding can be introduced in order to achieve the

social welfare optimum, constrained by the requirement that firms break
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even. The franchise is awarded to the successful bidder. Under this type of
auction, a bid takes the form of a binding price that the bidding firm will
charge for service if it wins the auction. The firm that offers the lowest price
becomes the franchisee. For this setting, it is often argued that if quality is
a choice variable and providing quality is costly, franchise bidding over the
price alone will drive down both price and quality (Viscusi et al. 1995, 421).

In principle, this problem can be circumvented by imposing quality thresh-
olds or holding multidimensional auctions where bids have both a price and
a quality dimension. The incentives to invest in quality then depend on the
specific design of the competitive process.?’ In the spirit of the analysis so
far, we shall instead ask whether incentives to provide quality can be given
indirectly, if demand depends on quality.

To this end, we discuss a case that is more closely related to real-world
examples, for instance to the present practice in Great Britain: we assume
that there is vertical separation with a designated private network owner such
as the British monopolist Railtrack. The downstream monopoly, however, is
auctioned off.?!

Assume there is a pool of n firms with identical costs participating in
the franchise bidding process for the separated downstream monopoly. Be-
fore considering a Demsetz-type auction of the franchise for the downstream
market, it is useful to conduct a simple thought experiment to see which form
of competition might be suitable to improve incentives to invest in quality.

Suppose that firms bid a franchise fee for the exclusive right to serve the
market. Intuition suggests that the highest willingness to pay is given by the
monopoly profit that can be earned on this market. Therefore, the winner of
the auction will set the monopoly retail price p’ (a, 0) to break even. For any
given access price a, the incentive to invest in quality is thus just the same
as under vertical separation without competition. This first-price auction is

thus ill suited to improve investment incentives.

20Readers interested in further details are referred to Cripps and Ireland (1994) for the
analysis of quality thresholds and to Branco (1997) for the analysis of multidimensional
auctions.

21Tt can be shown that there are also positive incentives to provide quality if the entire
industry is auctioned off to generate an integrated monopoly.
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Now, consider a simple Demsetz-type auction.?? Assume the course of

events can be summarized as follows.

e stage 1: Given the access charge a, the upstream firm U determines

investment in quality 6.

e stage 2: Observing the access charge a and the quality level 8 set by the
upstream firm, each competitor ¢ for the downstream monopoly bids a
price p' at which they will provide railway services. The firm with the
lowest bid p wins the auction and pays the price of the second-lowest
bid.

We apply the solution concept of subgame perfect equilibrium. In the
equilibrium of the second stage, the price p for railway services is driven
down to average cost which is equal to the exogenously set access charge a
in our setting, i.e. p = p = a. Anticipating this result, the upstream firm
U chooses quality so as to maximize I1Y(a,0) = aD(a,0) — K(0) — F in the
first stage of the game. The investment incentive is thus

75 (a,0) = aDy(a, ). (16)

Observe that due to the fact that the consumer price is driven down to a
independent of the quality level, there is no price-mediated effect anymore.
Let us compare the investment incentives of an integrated monopolist
with those of a monopolist facing a separated downstream franchisee (see
(10) and (16), respectively, and Table 1, row 2). Observe that in both cases
the price-mediated effect is absent. However, there is a difference with respect
to the direct effect. Since p'(f) > a, any quality induced demand increase
has a stronger effect on the integrated than on the vertically separated up-
stream firm’s profits. Yet, competition for the downstream market might
overcompensate this disadvantage if the quality effect on demand is much
stronger for lower prices, i.e. Dy(a, ) >> Dy(p'(6),0), which would require

D,y << 0. The next proposition summarizes the result.

22The extension to heterogeneous firms is straightforward.
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Proposition 3 (Separation with competition vs. Integration with-
out competition) Suppose (A 1) holds. Then the incentive to invest in
quality is weaker under vertical separation with competition than under ver-

tical integration without competition, unless Dpy << 0.2

Hence, in general competition does not solve the underinvestment prob-
lem; but does it alleviate it? To answer this question, consider the investment
incentives in a vertically separated industry with and without competition
for the downstream market (see (16) and (11), respectively). In both cases,
the price pU collected by the upstream firm is the same, namely a, which
is set by the regulator and independent of quality by assumption. This has
important consequences in the case of competition for the market: Since con-
sumer prices are driven down to p® = a, the downstream firm is restricted
to zero profits. Consequently, there is no vertical externality attached to the
upstream firm’s investment behavior: higher investment does not increase
downstream profits. At first glance, this might lead one to conclude that
investment incentives are higher with competition. However, this is not al-
ways true. The demand effect of quality is Dy(a,d) with competition, the
corresponding term is ﬁg(pR(a, 6),0) =D, (pR(a, 0), «9) -pi+ Dy (pR(a, 0), 9)
in the absence of competition. In Regimes 1 and 2, i.e. for D,y positive or
not too negative, there is a negative price-mediated effect of quality when
there is no competition which is absent when there is competition. On the
other hand, the positive direct effect is higher when there is no competition
(Dg (p™(a,8),0) > Dy(a,)) if Dpg > 0. Our next theorem summarizes the

outcomes.

Proposition 4 (Separation with competition vs. Separation with-
out competition) Suppose (A 1) holds.

(i) In Regime 1, (pl > 0, Dy < 0), the incentive to invest in quality under
vertical separation is stronger with competition than without competition.

(i) In Regime 2, (pf > 0,Dy > 0), the incentive to invest in quality under

23The result can be made slightly more precise. As the incentives in both cases are
just pDg (p,8) evaluated at different values of p, integration yields higher incentives if
pDg, + Dg is everywhere negative.
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vertical separation is stronger with competition than without competition, ex-
cept possibly if Dy is positive and sufficiently large.
(ii1) In Regime 3, (pf < 0, Dy > 0), the incentive to invest in quality under

vertical separation may be weaker with competition than without competition.

Proof. Using (11) and (16), the investment incentive is stronger with
competition if Dy(a,) > Dy = D, (p™(a,0),0) - pit + Dy (p"(a,6),0) .

(i) In Regime 1, D,y is positive and sufficiently large so that Dy < 0.
Since Dy > 0 by definition, the claim follows immediately.

(ii) In Regime 2, D,y is sufficiently small in absolute value so that pf' > 0,
and the indirect effect D, (p™(a,6),0) - pf’ is negative. Incentives are thus
higher with competition if Dy(a,0) > Dy (pR(a,G),G) or at least not too
negative due to p®(a,f) > a. This is true as long as D,y is negative or at
least not too positive. Hence, the result follows.

(iii) In Regime 3, D,y is negative with sufficiently large absolute value so
that Dy > 0. Under these circumstances, Dy(a,f) may be smaller than B@,

and hence it remains unclear whether the claim is satisfied. =

Thus, though downstream competition eliminates the price-mediated ef-
fect of quality improvements, the overall effect of competition on incentives

is ambiguous.

4.2 Non-linear Access Prices/No Competition

We now turn to the analysis of more general forms of access prices. Note that
in the following we always refer to institutional settings without competition.
So far, we assumed the access charge per unit of demand to be independent of
the quantity of access demanded by the downstream firm. In the real-world,
non-linear access tariffs are often observed. We shall discuss whether they

can solve the underinvestment problem under vertical separation.

4.2.1 Unrestricted Two-part Access Tariffs

Assume that instead of a linear access price a, the upstream monopoly
charges a two-part tariff of the form 7'(a) = A 4+ aD(-); that is, the down-

stream monopolist pays a fixed premium A plus a variable access charge a.
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In addition, suppose that the upstream firm chooses a, A and 6. More specif-
ically, assume that the upstream firm is free to choose a linear or non-linear
pricing schedule, and that there are no regulatory restrictions imposed on
the level of the access tariff components a or A. Finally, suppose both the
upstream and the downstream firm are perfectly informed. In this setting,
we can derive the following result (see Table 1, row 3).

Proposition 5 (Two-part Access Tariffs) Suppose that the industry is
vertically separated and that the network monopolist is allowed to set an ar-
bitrary two-part tariff T(a) = A+ aD(-). Then

(i) the variable access charge will be chosen as a = 0;

(i7) the incentive to invest in quality is the same as under vertical integration;
(ii1) the fized premium is chosen as A = L (p'(9),0).

The intuition of this result is straightforward. The upstream monopolist
maximizes aggregate profits because it is able to completely extract the profit
of the downstream firm. Hence, it enjoys the full benefits of its investment
in higher quality and thus has the same incentive to invest as a vertically
integrated firm.?% 2
More precisely, the argument goes as follows. The downstream firm will

only produce if it realizes a non-negative profit, that is, if
I°(p,a, A) = [p"(a,0) — a]D(p™(a,0),0) — A > 0. (17)

By setting A = [pfi(a, ) —a|D(p'(a, ), 0), the upstream firm is able to fully
extract the downstream firm’s profit irrespective of the value of the variable
access charge a. Hence, the problem of the upstream firm simply consists of

setting € and a so as to maximize joint profits

" =0” + 11" = p™(a,0)D (p"(a,)) — K(0) — F.

24Thus, the fixed premium works essentially like a franchise fee payable to the upstream
firm for the right to serve the downstream market.

25In principle, the same outcome could be achieved by (i) demanding that the down-
stream monopolist should enter the market and (ii) imposing zero access prices. This
would, however, require subsidies for the monopolist to break even—with the familiar
distortions.
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Thus, for any given 6 its objective is to set @ so as to maximize the monopoly
profit with marginal cost a. Since IT7 is decreasing in a, U will set the variable
component of the access tariff equal to zero no matter what the quality level
0 is. With a = 0, the investment incentive under a non-restricted two-part

tariff becomes
7ng :pR(O,Q)Dg(pR(O,Q),Q) = ﬂ-é' (18)

Because p(0,0) = p’(0) by lemma 3, the upstream firm behaves exactly
like an integrated monopolist (see (10)), that is, as with competition for the
downstream market, the vertical externality is completely eliminated. There
is, however, an important difference between the two cases. The introduction
of unrestricted two-part access tariffs not only eliminates the vertical quality
externality, but also the price distortion introduced by the vertical separation
of the industry (relative to integration). This result is due to the fact that
in such a setting, the upstream firm can also set the variable access tariff—
which is exogenous under franchise bidding for the downstream monopoly—
and thereby virtually replicate the behavior of an integrated monopolist.2®
On the face of it, this result stands in marked contrast to recent claims
that the apparent underinvestment of Railtrack is caused by the high fixed
element in Railtrack’s revenue and the lack of a “volume incentive” which
results from the variable component being close to marginal cost. The so-
lution to this puzzle is simple. In the case of Great Britain, the fixed fee
does generally not increase with quality. In our case, instead, the upstream
firm sets the fixed fee as a function of quality—which allows her to reap all
the gains from quality enhancements. Hence, it is not the two-part tariff
itself that creates the inefficiently low investment levels, but the fact that
the upstream firm cannot increase the fixed component as quality increases.
To sum up, this section shows that the use of non-linear access prices not

only has the advantage of coping with the vertical externality. It also elimi-

261t should be clear that this behavior of a vertically integrated monopolist also emerges
if, in addition to unrestricted two-part access tariffs, (perfect) downstream competition is
assumed. Then the mark-up from retail pricing disappears, and since there is no down-
stream profit to extract, the upstream firm simply sets a linear access tariff equal to the
monopoly price maximizing its profit under vertical integration, i.e. p* (a,8) = a = p!(9).
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nates the price distortion stemming from the industry’s vertical separation.
Of course, this powerful result depends on the strong assumption that the
upstream firm is able to force the downstream firm to zero profits. Aside from
familiar arguments why this might not happen (for instance risk-aversion),
there is also some experimental evidence casting doubt on this assumption
(Roth 1995).

In similar games, where two players divide some arbitrary resource (e.g.
ultimatum games), players do not accept low profits, even when they are
above the reservation value and, anticipating this, upstream players avoid
attempting to extract all profits. If this kind of behavior is also relevant
outside the laboratory, then the possibility to induce the investment incen-
tives of an integrated firm with non-linear access prices is somewhat limited.
Intermediate arrangements should be discussed, for example revenue-sharing
agreements. In addition, the solution relies crucially on the (implicit) as-
sumption that only the upstream firm can invest in quality. Without this
assumption, one would have to find a solution balancing investment incen-

tives for both firms.

4.2.2 Restricted Two-part Access Tariffs

To the extent that non-linear access pricing is allowed, it is rarely unlimited.
Given a two-part tariff of the form 7'(a) = A+ aD(-), regulatory restrictions
might apply to the variable or the fixed fee. We consider the restriction of A
to a sufficiently small value A.

To analyze the effects of such a restriction, observe that the optimal choice
of @ is influenced by 6, but it may also by influenced by A. Hence, we denote
it by a(0, A). Consider two extreme cases: if there is no restriction on A,
the upstream firm sets a = 0 to extract maximum downstream profits, and
the incentive to invest in quality is the same as under vertical integration.
On the other hand, if A is fully restricted so that A = 0, the upstream firm
is able to choose a linear access tariff a(#,0) only and the downstream firm
keeps a profit of 7 (a(6,0)) > 0.7

2"Note that this is not the situation of vertical separation with linear access tariffs
considered above, since there the linear access tariff was assumed to be exogenously set.
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Starting from the extreme case A = 0, it is easy to see how changes in A
affect the level of a. Suppose the restriction on A is slightly relaxed. Then,
for 7(a(0,0)) > A > 0, the upstream monopolist has no incentive to change
the variable access tariff;?® it can charge A and nevertheless set a(6,0). That
is, a change of the regulatory restriction from A = 0 to 7°(a(6,0)) > A >
0 simply redistributes profits from the downstream to the upstream firm.
Incentives to change @ only arise when A > 7”(a@(6,0)). With A = A and
a = a(0,0), the participation constraint for the downstream firm would be
violated. The upstream firm can only take full advantage of this extended
profit extraction opportunity if it allows the downstream firm to increase its
profit sufficiently. This is established by lowering the variable access charge
from a(f,0) to a(h, A) > 0, so that A = 7P(a(0, A)).

More formally, using the fact that the downstream firm’s participation
constraint 7” — A = 0 is binding for all A > 7”(a@(6,0)), and assuming
that the downstream price is chosen so as to satisfy the first-order condition
w2 (p™(a,0),a(0,A), A) = 0, totally differentiating (17) yields da/dA < 0
and df/dA > 0. The intuition for these results is straightforward. If firm U
is restricted with respect to the fixed premium it is allowed to charge, it will
have to switch to variable access charges to generate access revenue. Addi-
tionally, lowering the fixed fee A restricts U’s ability to extract downstream
profits and thus its rewards from investments in demand enhancing network
quality. Therefore, restricting the fixed premium is potentially counterpro-

ductive from the point of view of generating investment incentives.

5 Summary and Conclusions

In this paper, we investigated the effects of different types of institutional ar-
rangements on quality-enhancing investment by the network owner. Clearly,
the incentives to invest in quality depend on the effects quality improvements
have on the investor’s revenue. The analysis demonstrated that there is a di-

rect effect of a quality increase which is positive, and a price-mediated effect

With endogenous access tariffs, the investment incentives clearly depend on the level of
the access tariff.
28The same is true for the quality level.
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with ambiguous sign.
Different institutional arrangements have been shown to influence these

effects and thereby investment incentives. Our main results are the following:

e The difference between the revenue of an integrated firm and a verti-
cally separated upstream firm is composed of two parts: (i) the dif-
ference between the total revenue of the vertically separated industry
and the revenue of the separated upstream firm, and (ii) the difference
between the revenue of the integrated firm and the total revenue of
the vertically separated industry. The derivative of (i) with respect to
the quality level reflects the familiar vertical externality of quality en-
hancement on downstream revenue. The derivative of (ii) with respect
to the quality level reflects the markup effect resulting from the fact
that prices are usually not the same in the integrated and separated

case.

e Both competition for the downstream market and unrestricted two-
part access tariffs eliminate the vertical externality resulting from in-
creased quality, because under these institutional arrangements, the

downstream firm’s profits are endogenously reduced to zero.

e Nevertheless, there remains an important difference between competi-
tion for the downstream market and unrestricted two-part access tariffs.
Non-linear access pricing not only eliminates the vertical quality exter-
nality, but also the price distortion introduced by vertical separation.
Non-linear access pricing thus virtually replicates the situation under
a vertically integrated monopoly. This is impossible under competition
for the downstream market as long as the linear access price is strictly

positive.

There is ample scope for further research. First, we did not consider
investment in the downstream market. Second, we restricted ourselves to
the analysis of a chain of monopolies. Studying imperfect downstream com-
petition between differentiated firms (possibly owning local infrastructure

monopolies) might prove to be instructive. Third, since the provision of
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quality depends on the auction mechanism adopted for the particular con-
text, it would be interesting to study the provision of quality under more
general forms of franchise bidding, in particular multiunit auctions for local
downstream monopolies. Fourth, empirical studies could help to determine
the characteristics of the demand for the final good, which in turn would
inform policy decisions with respect to the institutional setting. Finally, a
systematic comparison of investment incentives and actual investment in dif-
ferent network industries, such as telecommunications, water or electricity,
could help to determine the relative importance of the various effects pointed

out.
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