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Abstract: The paper presents an overview of issues related to standardization in
the European transportation market. The paper identifies current trends in the
European transportation policy: deregulation in service markets, horizontal
integration of infrastructures/networks, and vertical disintegration between
network provision and service provision. The paper discusses fundamental
questions of standardization in the context of transportation, starting with its
relevant scope. The paper distinguishes between standardization to increase
uniformity of products, services and policies, and standardization to increase
compatibility at interfaces, by internalizing network effects and system effects
(mix and match).
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Tiivistelmä: Tutkimuksessa selvitetään standardoinnin ja yleisemmin harmoni-
soinnin roolia eurooppalaisilla liikennemarkkinoilla. Aluksi selostetaan euroop-
palaisen liikennepolitiikan trendit: palvelutuotannon deregulointi, liikenne-
verkkojen horisontaalinen integroituminen sekä vertikaalinen disintegroituminen
liikenneverkkojen ja liikennepalveluiden tuottamisessa. Liikenteen yhteydessä
keskeiset standardisoinnin kysymykset kartoitetaan, lähtien itse käsitteen tulkin-
nasta (laajuudesta). Yksi keskeinen kysymys on standardoinnin roolin ja luonteen
muuttuminen dereguloiduilla markkinoilla. Kysymys on mm. siitä millä tasolla,
kansallisella vain EU:n tasolla, standardoinnista päätetään. Tutkimuksessa erote-
taan standardointi, jonka tarkoituksena on lisätä tuotteiden ja palvelujen yhden-
mukaisuutta, ja standardointi, jonka tarkoituksena on lisätä yhteensopivuutta
liittymissä (interfaces), verkostovaikutuksia ja systeemivaikutuksia (mix and
match) sisäistämällä.

Asiasanat: standardointi, liikenne, EU
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1. Introduction

The European transportation markets and transportation policy have undergone
significant changes recently. The deregulation movement started already in the
early 1980's. Besides continued regulation, characteristic to the 1990's has been
the realization of the fact that a global approach to transportation problems is
needed, pushed strongly e.g. in the European Commission's Common Transport
Policy. Well known reasons behind these developments are congestion and
capacity problems, the creation of the Internal Market, international nature of
transportation networks in the modern world, and increasing environmental
concerns. These developments have had significant implications also to the issues
and role of standardization in the context of transportation. These implications
matter both at the national and EU level.

This paper will analyze these issues. Section 2 identifies recent trends in the
European transportation policy: deregulation in service markets, horizontal
integration of infrastructures/networks and traffic control systems, and vertical
disintegration between network provision and service provision. In section 3,
basic policy issues related to standardization are compiled. We discuss
fundamental questions of standardization in the context of transportation, starting
with its relevant scope. The paper distinguishes between standardization to
increase uniformity of products, services and policies, and standardization to
increase compatibility at interfaces, by internalizing network effects and system
effects (mix and match). Also, we shortly discuss the changing role and nature of
standardization processes: decision-making on new standards is increasingly
shifting from national bodies and firms to supranational organs. Section 4
analyzes the standardization to increase compatibility at interfaces further: the
questions addressed concern the modeling of network effects and system effects,
and their internalization. Section 5 concludes.
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2. Recent trends in the European transportation
policy

2.1 The trends

Cities and urban areas in Europe suffer from heavy congestion and environmental
degradation as a result of current levels of car use. The European Commission's
Green Paper "Towards Fair and Efficient Pricing in Transport" (Commission of
the European Communities, 1995) reported that the trend is likely to continue and
further problems will arise. At the same time, the demand for use of public
transport is low and the development of public transport systems is far below its
potential. One reason for the current situation is that the private and social
benefits and costs of using private car and public transport do not coincide. There
is an obvious need, from the social point of view, to introduce consistent policy
measures which can internalize externalities and network effects, negative and
positive.

In order to solve these problems, and to satisfy the requirements of the evolving
Internal Market, European transportation policy and markets have undergone big
changes during the last decade. The changes still go on. The general trends have
been from national transportation systems, often with ambiguous policy goals and
selfish national interests, to a global and transparent European wide approach.

More specifically, transportation systems in Europe have undergone a change
towards:

1. deregulation in service markets;
2. horizontal integration of infrastructures/networks and traffic control

systems; and
3. vertical disintegration between network provision and service markets

These trends, which of course are closely related to each other, will be discussed
in sections 2.2-2.4 below.

2.2  Deregulation in service markets

The European transportation markets have undergone strong liberalization
processes in recent years. In the airline industry, the deregulation has been going
on since the late 1980's. The liberalization process has been different from the
U.S. deregulation in the late 1970's and the early 1980's: it has been much slower
and has been carried out over years in several consecutive stages, in contrast to
the abrupt regulatory changes in the U.S (Good et. al, 1993; Brueckner et. al,
1997). Anyway, the strict bilateral rules for capacity sharing no longer hold, and
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more than one airline company per country can serve international traffic. Finally,
in April 1997, the prohibition on providing cabotage transportation within or
between foreign countries was abolished (Commission of the European
Communities, 1996a, 1996c; Brueckner et. al, 1997).

In the railway industry, the current deregulatory development originated in the
late 1980's. Again, similarly to the airline industry, in the U.S. corresponding
deregulative policies had been implemented earlier.

Regulatory reform in the American railroad industry, culminating with the
passing of the Staggers Rail Act of 1980, focused on increasing freedom to set
rates, to enter into long-term contracts, to abandon unprofitable lines and to
reduce operating costs. However, quite differently from the later developments in
Europe, the possibilities of free entry of private transportation companies on the
tracks were not considered at all. In contrast, following the Staggers Act, a
number of railroad companies attempted to cancel mutual switching agreements,
under which a railroad company will interchange cars with another company
originating or terminating on its tracks, in order to be able to serve customers
whom they cannot serve directly.

Currently, the European Commission and the Member States share a strong
optimism towards large performance improvements to be attained through
increased competition on the European railway networks. The optimism is
documented e.g. in the Commission's White Paper "A Strategy for Revitalizing
the Community's Railways" (Commission of the European Communities, 1996b).

While carrying out these deregulatory policies, it is generally acknowledged that
transportation markets as a whole are far from the ideal picture of perfectly
atomistic markets. Perhaps the most typical feature of transportation markets are
networks: companies operating in these markets are compelled to use existing
common networks (roads, rail, tracks), or then they can create networks of their
own. Incentives may exist, for example, for airline and train companies for
bundling traffic either on a given line (economies of density) or in serving several
lines jointly (economies of scope). See e.g. Brueckner and Spiller, 1994;
Berechman et. al, 1996. The network structure can easily prevent actual
competition on the market to be efficient. However, the lack of competition
between active firms in the market may be replaced by efficient potential
competition (Baumol et. al, 1982). The pressure of potential competition can
create incentives for an incumbent supplier of air, train and other transportation
services to improve their quality and/or to produce them more efficiently.

The condition for potential competition for disciplining incumbent firms
efficiently is that these firms do not have asymmetric cost advantages over
potential entrants. If no irreversible sunk costs exist, incumbent firms with
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inefficient use of inputs, inefficient production technologies or excessive positive
profits will ultimately be replaced by more efficient new entrants.

Planes, trains, trucks and ships do not typically represent sunk cost investments:
they are not irreversibly bound to a specifically located part of the network. They
are capital on wheels, and can be used to serve in other parts of the network if
demand in one part dropped too low for profitable service. However, problems
may arise, in particular, due to inadequate capacity. In the deregulated U.S.
airline market, for example, incumbent airline companies still can have on major
airports advantages due to preferred access to landing rights. The same is true in
many European airports, too.

Another important cause of problems can be vertical integration; this will be
discussed in more detail in section 2.4 below.

The benefits of increased competition of course have to be counterbalanced with
the increased costs of coordination of transportation services from different
companies, in particular more complex scheduling. However, it can be expected
that the advantages of competition will largely dominate, as has been the case for
example in the deregulated U.S. airline and intercity bus market (e.g. Knieps,
1993, 1996).

2.3 Horizontal integration of infrastructures/networks and traffic
control systems

A central element of the Common Transport Policy of the European Union is the
creation of trans-European Transport Networks (TETNs). These networks, and
network policies more generally, aim at reducing transaction costs of transport,
both of goods and of persons. No doubt, the goal of horizontal integration of
infrastructures/networks as well as of traffic control systems is of utmost
importance in European transportation (see e.g. European Commission, 1996).

In 1986 the national railways of Community member countries together with
those of Austria and Switzerland (now known as the Community of European
Railways) decided to formulate a proposal for a European wide and broadly
integrated high-speed rail network. The high-speed notion has since then
developed its own momentum in Europe (Community of European Railways,
1989; Whitelegg et. al, 1993; Commission of the European Communities, 1996b).

Air transport services are strongly transborder by nature. This is true especially in
Europe where, due to the relative small country sizes and the high standard of
alternative transportation modes, only a small part of air transport is intra-country
service. Nevertheless, each European state has its own air traffic control (ATC)
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system, developed to satisfy national rather than international needs. The 22
European states, which form the European Civil Aviation Conference (ECAC)
and cover a total of 4,643,000 square kilometers, are served by 42 ATC-centres
which between them use 22 different systems (Association of European Airlines,
1989).

The need for a uniform and integrated European wide system is obvious. In the
current situation, national boundaries and the aim of sovereignty of countries with
respect to ATC have lead to horizontal divisions which are fully arbitrary. In
particular, this has resulted in a number of ATC-centres which is large compared
to their number in the U.S., and most probably is notably larger than if
determined by operational, technical and economic considerations alone. Political
factors, instead, have determined the boundaries between ATC-centres, hindering
the optimal use of resources such as equipment, workforce and particularly
airspace itself.

For example, a flight from Frankfurt to Madrid requires six handoffs from centre
to centre. By contrast a flight of nearly the same distance from Chicago to Boston
requires only two (German Airspace Users' Association, 1989).

But Europe's airspace is subject not only to arbitrary horizontal divisions, but also
to arbitrary vertical divisions. Another feature of uncoordinated ATC in Europe is
that the division between the upper-flight and lower-flight levels varies between
nations. The division, for example, is at 19,500 feet over Belgium, at 24,500 feet
over Germany, and at 30,000 feet over the Netherlands. For comparison, en-route
centres in the U.S. serve traffic over 18,000 feet (Association of European
Airlines, 1989). As a result, additional coordination effort is required as planes
pass from the control of one country to that of another. The result is also extra
fuel consumption due to constraints on the altitudes at which aircrafts can fly.

2.4 Vertical disintegration between network provision and service
provision

Train services can only be provided if access to tracks and stations is guaranteed.
In addition, the operation of trains needs to be coordinated including ex ante
scheduling and real time train control. Also, the permanent control and
coordination of traffic is necessary. Train traffic control systems are the decisive
link between rails and stations on one hand and the supply of train services on the
other hand. The coordination effort needed depends on the number of trains, on
the sequencing of faster and slower trains as well as their speed. Similarly, air
traffic requires, besides airports and aircrafts, also air traffic control systems, to
coordinate aircrafts during their flights. Air traffic control systems are required
for guaranteeing traffic safety and for allocating airspace capacity efficiently.
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A well known fundamental condition for the effectiveness of both actual and
potential competition is that all suppliers of transportation services have equal
access both to the physical infrastructures and to the traffic control systems.
However, as long as, for example, a train company has preferred access to rails
and stations, or gets advantages with respect to scheduling procedures, it
possesses competitive advantage over both active and potential competitors.

Perhaps the most important reason for such an asymmetric situation is vertical
integration. In this respect, the situations in the airline and railway industries have
been completely different. Airport owners, airline companies and air traffic
control agencies, which only jointly can guarantee safe and efficient air traffic,
have traditionally been vertically separated, organizationally and institutionally.
In railways, instead, the synergies described above have created the fable of
vertical integration as the necessary organizational form of railway systems. The
disaggregated railway systems of the ninetieth century have been forgotten
history for a long time (e.g. Fremdling and Knieps, 1993).

Recently, however, reduced traffic and increased deficits of European railway
companies have led to a challenge of the vertical integration approach. It is now
widely acknowledged that, for the deregulative policies to be effective, vertical
disintegration between network provision and service provision must be carried
out.

The need for vertical disintegration is stated also in the documents of the
European Commission (Commission of the European Communities 1992;
1996b). The current policy of the Commission is to stimulate competition on the
tracks, by separating the supply of train services from the provision of
infrastructure, during the first stage in regard to book-keeping, and ultimately
also organizationally and institutionally. However, in the Commission's approach,
the vertical integration of tracks and stations and train traffic control systems
(together called rail infrastructure) is still considered as a necessity. It is argued
that train traffic control systems could not be separated organizationally from the
provision of tracks due to coordination and incentive problems − including the
harmonization of safety standards − and the danger of suboptimization at the
burden of rail investors. This standpoint can nevertheless be challenged by
pointing to air traffic control systems, in which similar coordination problems
have been solved in an institutionally different way.
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3. Standardization in transportation: basic concepts
and ideas

3.1 Scope for standardization

What do we mean by standardization in the context of transportation? How to
define the concept of standardization and its scope? What are the fundamental
issues? These questions will be discussed next.

The economics literature on standardization is large. See e.g. The Economics of
Standardization, Special Issue of the European Journal of Political Economy,
edited by Holler and Thisse (1996), and the references therein. The typical
application in this literature is telecommunication. Not much, if anything, is said
about standardization in transportation.

The basic reasons for and the types of standardization in transportation can be
listed as follows:

1. standardization to increase uniformity of
1.1  products and services
1.2  policies

2. standardization to increase compatibility at
2.1  technical interfaces
2.2  national borders

Broadly speaking, standardization to increase uniformity of products, services
and policies aims at internalizing negative externalities; standardization to
increase compatibility, at technical interfaces and at national borders, aims at
internalizing positive externalities. The internalization of positive externalities in
turn can mean either internalization of network effects or of system effects (mix
and match). The former type amounts to improving the quality of a network, the
latter type amounts to increasing the size of a network.

Standardization to increase uniformity of services and of policies will be shortly
discussed in section 3.2. Standardization to increase compatibility at interfaces
will be discussed in section 3.3; related modeling issues will then be discussed in
more detail in section 4.

3.2 Standardization to increase uniformity of products, services and
policies

There are several obvious reasons for increasing uniformity of products and
services that a person using a transport system faces: to improve safety, fairness,
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convenience, efficiency and predictability etc. Similar factors can be identified as
reasons for increasing uniformity of policies, regarding e.g. taxation, pricing and
investment rules; to these can be added the aim to improve acceptability and
feasibility of such policies. Evidently, also regarding the issue public and political
feasibility of various policy measures, appropriate standardization, or
harmonization, may be able to promote it. Also, resolving such feasibility
problems may require actions on both the national and the EU level. The goal is
to develop uniform, standardized approaches to different problems to be adopted
throughout Europe, while taking into account of local and national conditions.

3.3 Standardization to increase compatibility at interfaces

The recent trends towards deregulation have led to the need for a growing
number of interfaces between decentralized subsystems (cf. sections 2.3 and 2.4).
Free access to the national railway networks, which is expected to come true in
full scale in near future, will require coordination of national railway
infrastructures towards a European railway infrastructure. The coordination effort
has been aided by improved productivity in railway logistic, especially advances
in computer aided dispatching. But even more than that, progress with respect to
train traffic control systems, for example computer-integrated railroading, has
supported the development. As a result, for example, tighter schedules and
optimized interconnections and subsequent drastic reduction of travel-times will
be possible. Performance improvements will be the result of the interaction
between a well-functioning train traffic control system and the search for market
gaps by new suppliers of train services.

Air transport services in Europe are strongly transborder by nature. Nevertheless,
no uniform European wide system exists, and each European state has its own air
traffic control (ATC) system (cf. section 2.3). The 22 European states which form
the European Civil Aviation Conference (ECAC) are served by ATC-centres,
using 22 different systems. Until now there have been no compatible standards,
specifications and procedures between the different systems. As a consequence,
communication and coordination between the ATC-centres is hampered, which
limits air traffic controllers' productivity in managing traffic. In contrast, in the
U.S., which covers an area of 7,828,000 square kilometers (excluding Alaska and
Hawaii), en-route ATC-services are rendered by 20 centres which all use a
common system (Association of European Airlines, 1989). The uniformity of the
systems makes optimal usage of airspace possible, by allowing a smooth dispatch
of aircrafts from one centre to another.

Europe also has a deficit of standard radar coverage. ATC-capacity depends,
besides the quality and degree of compatibility of computer-systems for flight-
information processing, on the quality of radar coverage. Better radar allows the
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size of the space around individual aircrafts to be safely reduced. With reduced
distances between aircrafts, the system can handle more traffic with no reduction
in safety. In some areas, radar permits planes at the same altitude to fly within 5
nautical miles of each other. In other areas, radar coverage is so poor that planes
must fly 60 nautical miles apart. Due to the interaction of ATC between different
centres, areas with low radar quality have a negative effect on the other parts of
ATC-systems. Limited radar capacity in one part of the airspace reduces ATC-
capacity everywhere. Aircrafts cannot fly as close together as the higher quality
radar in one zone would permit because otherwise they would have to queue at
the border to the next, lower-quality zone waiting for access to a slot1 (German
Airspace Users' Association, 1989).

3.4 Standardization processes

An important question is the role of the public sector and non-governmental
organizations in providing standards. The standardization in transportation
carried out by the public sector, at national and EU level, can be viewed as part of
transport policy. In this regard, standardization measures must be planned and
realized in conjunction with other, complementary and substitute, transport policy
measures.

Regarding the standardization carried out by non-governmental organizations or
market standardization, the situation is different. Now the basic questions
concern the power to standardize and form coalitions among relevant actors in
the standardization markets. The recent deregulatory developments, which have
led to the growing number of interfaces between decentralized subsystems, have
changed the situation in this respect. The nature of the appropriate
standardization processes has changed, from hierarchical control of standard-
setting by national carriers towards committee-based international standardization
procedures.

For instance, in the railway industry, there will be an increasing potential for
committees. New train companies which will arise, possibly in large numbers,
could either try to build their own committees, for example a service companies'
committee, or enter the existing railway associations, such as the International
Union of Railways (UIC) and the Community of European Railways.

Newly founded committees could be of particular importance in order to exploit
the potential for new, innovative train services which are not included in the
service spectrum of the traditional railway companies. However, the evolution of
                                             
1 A slot is defined as the right to fly at a given time interval through a well-defined route (including the
usage of necessary ATC capacity).
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competing standardization committees cannot be observed until now. In contrast,
the existing railway associations have increased their coordination and
harmonization activities, and seem to have benefited from the deregulation and
internationalization. Indeed, in the course of the actual reform of European
railway policy, the increasing international coordination requirements have
enlarged their tasks, whereas national railway companies have succeeded in
keeping the management of train traffic control and safety processes.

From the perspective of the national railway carriers and their associations, this
has been rational policy. Otherwise, railway owners would lose discretionary
power with respect to the access of service companies, and the incumbent railway
associations would lose an important coordination task. On the other hand, since
new service companies are bound to completely depend on the access and
coordination policies of the railway owners and their associations, they may be
hesitant to create their own associations. They may rather prefer to join the
existing railway associations, despite the fact that power in these associations is
deemed to be asymmetrically distributed in favor of the national railway carriers,
at least as long as they continue to own also the tracks (e.g. Knieps, 1995).



11

4. Standardization to increase compatibility at
interfaces: modeling considerations

4.1 Transportation vs. telecommunication

In transportation economics, models typically have the benefit or demand side,
and the cost or supply side. To describe the benefit side, the models assume either
an expression for an aggregate consumer utility or a utility function separately for
each individual consumer. The quality and size of a network typically appear as
variables affecting the utility of the consumers. On the cost side, these same
factors appear as affecting the cost of providing the infrastructure. Typically, the
aggregate consumer utility or the utility of an individual consumer, depending on
the approach chosen, is expressed as a function of the number of trips, travel
time, money cost − often reflected in one variable called congestion − and of
other quality aspects, reflecting the state of the infrastructure and environment.
The capacity of individual links relative to the number of their users is reflected
in the congestion variable. The physical size of the whole network, and the total
number of users of the whole network, however, are not typically included as
separate variables.

The network effects (or network externalities) describe the benefit to individual
users (or members) from spatially extending the network, from having more links
and endpoints and more users as a whole. In the transportation economics
literature, in sharp contrast with the economics literature on standardization and
telecommunication, there is not much said about network effects. Why not?
Evidently the explanation lies in the following fundamental difference. In
telecommunication the user stays at a spatially fixed point of the network;
information moves instead. In this case, the increase in the number of users
implies an additional link and endpoint, and thus an increase of the physical size
of the network. Also, it implies a positive network effect to the existing users,
direct and, perhaps, also indirect.

In transportation, instead, it is users who physically move along the links of the
network. Moreover, including an additional user usually requires no additional
link, and thus usually implies no network effect to existing users. The situation is
thus completely different from that in telecommunication. In transportation, an
increase in the number of users and an increase in the physical size of the
network do not typically coincide but are separate decision variables.
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4.2 Internalization of network effects and system effects in
transportation

Earlier (section 3.1) we identified two main cases of standardization in
transportation: standardization to increase uniformity of services and
standardization to increase compatibility at interfaces. Broadly speaking, the
former type of standardization internalizes negative externalities, the latter type
internalizes network effects and system effects (mix and match). The ultimate
goal of the latter type of standardization is to collect the benefits, private and
social, from internalization of the relevant network effects and system effects.
Also, while the former type of standardization can be viewed as improving the
quality of network, the latter type can be viewed as extending the size of the
network.

The typical application in the economics literature on network effects and system
effects, and on standardization as a means for their internalization, is
telecommunication (cf. section 3.1). Almost nothing is said about network effects
and system effects in transportation networks. Not much is said about these
things in the transportation literature, engineering and economics, either.

Notice that the network effect is defined, symmetrically to the concept of
negative externality, as the utility to the existing users from including an
additional user. For clarity, one should observe that internalizing network effects,
by just including another user into one and a single network is no standardization.
The notion of standardization requires that there is an interface, and thus (at least)
two separate networks, which are connected via the interface, and that the
internalization of network effects or system effects, whichever is relevant, comes
true through increasing compatibility at the interface.

In the case of network effects, increasing compatibility at an interface means,
from the point of view of an individual users, that there will be additional users
(or at least one), and that the user in question gets utility from getting into contact
with the additional one(s). In the case of system effects (mix and match), the
situation is different. True, again there are two networks, and an interface
between them. But now the utility of an individual user depends on the potential
of or variety in combining different products and services to each other (mix and
match), in order to build wider systems (system effects), rather than on the
number of other users. Of course, the utility can depend on the number other
users indirectly.

Are these cases relevant in transportation? The relevance of system effects is
obvious; just think of person trips or goods transport utilizing several modes (so-
called integrated transport). What about network effects? In transportation,
typically a consumer's utility (ex ante) increases when he or she has available an
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additional link (or endpoint). Clearly this is not the case of  a network effect.
Because the utility of the existing users is affected by adding the number of links,
rather than by adding the number of users.

However, analogous to the direct network effects considered here is the case of
peer group effects, i.e., the case where members of a club (a transportation
system can be viewed as a club) like each others' company (see e.g. Glazer et. al,
1997). But this may be closest to direct network effects that we can find in
transportation; other realistic situations are rather examples of indirect network
effects.

To summarize, of the three cases − direct network effects, indirect network
effects and system effects (mix and match) − at least the latter two seem to be
relevant in transportation. The relevance of the first one − direct network effects
− is less clear.

The modeling of these phenomena will be discussed below in sections 4.3-4.4.
The core of the discussion refers to material which is published in the volume
The Economics of Standardization, edited by Holler and Thisse (1996), and
borrows from the introductory chapter of this collection of papers. Our intention
is not to give a comprehensive overview of various models but to extract some
techniques of modeling as well as to point out some common patterns or
dimensions, which can be usefully applied to further research as well as to a more
general discussion of problems related to issues of standardization and
transportation.

4.3 Modeling network effects

In their seminal paper, Katz and Shapiro (1985) assume that consumers maximize
rents. In their model, the rent (surplus) of a consumer of type r of product i is

( ) ( )S r v i r v y pi
e

i, , .= + −

Consumers are heterogeneous in their basic willingness to pay for the product, r,
but homogeneous in their valuation of network effects, ( )v yi

e , where yi
e  is the

expected network size. A consumer of type r has thus the willingness to pay

( )r v yi
e+  for product i with yi

e . Variable pi  is for the price of good i.

Consumers will base their purchase on expected network size: yi
e  is the

consumers' prediction of the size of the network with which firm i, producing
good i, is associated. Suppose there are m firms, each producing good/network of
size x , j mj

e  = 1,..., . The forming of predictions on yi
e  implies expectations with
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respect to compatibility. In the case of perfect compatibility, the products of m
firms are perfectly compatible. We have

y x i mi
e

j
e

j

m
= =

=
∑

1
1; ,...,   for 

In the case of perfect incompatibility, consumers' predictions are

y xi
e

i
e=

The difference ( )p v y fi i
e− =  describes the price of product i adjusted for

network effects. This price is called the hedonic price of product i. If the basic
willingness to pay r f≥  then the consumer of type r buys since the surplus

( )S r v i, ,  is positive. In market equilibrium, the hedonic prices for any two firms

which have positive sales, say 1 and 2, have to be equal: ( ) ( )p v y p v yi
e e− = −1 2 2 .

It follows that the prices of perfectly compatible goods have to be identical as
compatibility implies y ye e

1 2=  and thus ( ) ( )v y v ye e
1 2= .

Farrel and Saloner (1986) define the payoff of a consumer by ( )v y ′  if he or she
consumes the good y which he or she prefers (to all other goods), where y' is the
fraction of all buyers who buy good y. The larger y' the larger will be the payoff
related to y. If the consumed good is x and of x is less appreciated than y, then a
payoff  x > 0  has to be deducted from ( )v x ′  so that payoff

( )v x x′ −

results. Here x' is the fraction of all buyers who buy good x and x represents the
relative alienation which the consumer suffers from consuming x instead of y (see
also Blankart and Knieps, 1993).

In their review paper,  Matutes and Regibeau (1996) discuss several concepts of
compatibility and network effects. For direct network effects with externalities,
they propose

u a b Ni i i
e= +

as the most general description. Here ai  represents the stand-alone value which
consumer i derives from consuming one unit of the good. N e  expresses the
expected network related to the compatible good and bi  represents the evaluation
of these effects by consumer i. Typically, it is assumed in these models that each
consumer buys only one unit of the good, thus N e  is identical with the expected
number of buyers.
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As a specification of the concept of direct network effects, Economides (1996)
applies a network externality function ( )f S  which measures the increase in
aggregate willingness to pay ( )P Q S;  because of direct network effects. Variable
S expresses the expected size of the network and Q the supplied quantity of the
good. The network externality value enters additively and pushes the demand
outward without changing the slope of the demand function. This is captured by

( ) ( ) ( )P Q S P Q f S; ;= +0 .

In market equilibrium, Q S* *=  holds. As the incumbent monopoly i cannot bind

itself to supply a quantity which is larger than the profit-maximizing quantity S o ,
it might be profitable for it to invite entry of competitors in order to convince
customers that they can expect a network which is larger than S o .  Entry will
augment the willingness to pay, compensating supplier i for giving up its
monopoly position and rely on a second-sourcing policy (see also Farrell and
Gallini, 1988; Katz and Shapiro, 1994).

In their model, de Palma and Leruth (1996) assume that externalities are related
to the consumption of goods, more specifically, to the number of consumers. If
goods are compatible then the externality of good i, Ei , depends on the total
number of consumers using i and goods compatible to it. In the case of two
goods, ( )E E q q ii i= + =1 2 1 2 for ,  if goods are compatible. If they are

noncompatible, then ( )E E qi i i=  applies. To make the analysis tractable, the

authors assume linearity:  E q qi = +1 2 , if goods 1 and 2 are compatible, and
E qi i=  otherwise. Further, they assume that consumers have heterogeneous
preferences with respect to externalities such that the surplus derived by
consumer q from consuming good i is ( )S q E p qE pi i i i; , = −  where pi  is the

price of good i. Thus, in the case of compatibility we have

( ) ( )S q E p q q q pi i i; , = + −1 2

and, in the case of non-compatibility,

( )S q E p qq pi i i i; , = −

Consumers buy if ( )S q E pi i; , ≥ 0  holds.

The analysis of de Palma and Leruth, which derives from these concepts,
indicates that firms might prefer compatibility if the probability to become largest
supplier under incompatibility is very close and thus potential competition is
substantially large. The welfare theoretical analysis demonstrates for the given
context that a duopoly selling compatible networks is socially preferred to a
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monopoly selling a single network and the monopoly outcome is preferred to a
duopoly which sells incompatible networks.

In the notation of de Palma and Leruth (1996), as they point out, the surplus
function of Katz and Shapiro (1985) reads as ( )S q E p q E pi i i i; , = + −  and the
externality function ( )E qi  is assumed to be concave. It seems that the formal
structure of the two models is very similar. However, we have to observe that in
Katz and Shapiro the willingness to pay of a consumer, q Ei+ , depends on the
expected network of this consumer.

In the model of Jeanneret and Verdier (1996), there are two products supplied to
a vertically differentiated market which are characterized by their differing
qualities. Compatibility is modeled as a fixed, but differentiated quality mark-up

( )e ii  = 1 2,  which increases the product quality if both suppliers (simultaneously)

decide to produce compatible goods. The mark-ups may increase or decrease the
quality gap between the two products, but it is assumed that it will not be evened
out by compatibility. As the mark-up ei  does not depend on the number of
buyers, compatibility does create only generic network effects: a consumer of
product 1 may, for example, benefit by switching to product 2 if the price of
product 2 decreases because an increase of demand for this good may lead to
economies of scale. Using this conceptual framework Jeanneret and Verdier
analyze the implications of trade policy on the incentives for firms to standardize
their products. A liberalization of trade may induce foreign and domestic firms to
supply compatible goods.

In Choi (1996), standardization also implies generic network effects. He assumes
that users simply add a constant lump-sum value D to the stand-alone value of the
alternative technologies if they use identical technologies. What drives his model
is the fact that the stand-alone value of a specific technology will be revealed
only after it has been applied. Thus there is a trade-off between ex ante and ex
post standardization as users can choose an identical technology even before they
know its stand-alone value.

David and Rothwell (1996) elaborate on the question: how can we define the
degree of standardization. In order to find an appropriate answer to this question
they propose that "the distance between two species might be derived as a
hedonic weighted sum of distances between more fundamental micro-
characteristics, so that conceptually ( )d i j,  represents the weighted number of
observable character-state differences between species i and j." A high degree of
standardization means that this distance is small. David and Rothwell apply this
measure to compare the U.S. and the French nuclear power industries. Inasmuch
as "closeness" is evaluated positively, and the authors give convincing arguments
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which support this hypothesis, the French nuclear power industry enjoys generic
network effects.

4.4 Modeling indirect network effects

Chou and Shy (1996) examine indirect network effects. They analyze markets in
which the consumer's value of a specific brand (e.g., hardware) rises with an
increase in the variety of supporting services (e.g., software). Two brands, A and
B, are said to be compatible if the supporting services can be applied to both
brands. The utility of the service for an individual user is s e mi i

q= , if the brands

( )i A B = ,  are compatible, and s e mi i t
q= , if the brands are incompatible. Variable

ei  represents the expenditures on services and [ ]q ∈ 0 1,  measures the importance
of the variety of services to consumers. Variables mt  and m reflect the volume of
available services: m mt≥ . The utility of consumer z is ( )1− z sA , if z chooses
brand A, and zsB , if z chooses brand B. A high value of [ ]z ∈ 0 1,  expresses a
strong preference of a consumer towards brand B. The analysis indicates that
negative network effects are likely to occur if hardware is compatible or, in the
case of incompatibility, if the degree of substitution in the consumption of brand
specific supporting services is high. If the hardware industry is competitive
negative network effects cannot prevail if the software industry is characterized
by monopolistic competition of the Chamberlin type.

Church and Gandal (1996) analyze the effects of hardware control on software
provision. They assume that the consumers' benefit of the hardware good i is a
function of the variety of complementary software products available so that
consumers have the possibility to enjoy indirect network effects. The utility

function of an individual consumer i is U N x ti i i= + + −β α . In this function

N i
β α+  expresses the network benefit of consuming N i  varieties of software

available for hardware i, where ( )β ∈ 0 1, , and x represents the utility from an
outside good. Variable ti  measures the utility costs of i by the distance between
the chosen hardware i and the consumer's most preferred hardware: ti  represents
the "hardware alienation" of consumer i. One of the results presented by Church
and Gandal implies that, if the difference between the monopoly and the duopoly
prices is small, decisions of an incumbent and a single potential entrant will result
in either de facto standardization on the technology of the incumbent or
incompatible technologies with two suppliers, even though standardization on the
technology of the entrant is socially preferred.
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4.5 Modeling system effects

Matutes and Regibeau (1996) confront the direct and indirect network concept of
standardization with the mix and match approach (see also Matutes and
Regibeau, 1988, 1992). This deals with situations where consumers benefit from
the use of a system which consists of a fixed set of compatible components. In
this context, compatibility means that a consumer can combine components from
different manufactures, which results in larger variety of goods although each
firm's realization of the same component is taken as given. However, the larger
the variety the more likely it is that a specific consumer can buy his or her
preferred version of a system good. The willingness to pay will increase for those
consumers which benefit from the mix and match possibility. Note that the
situation is different from the direct and indirect network effects discussed above.
Now, the utility of a consumer does not depend on the choices of other
consumers, at least not directly.

4.6 Common dimensions

Figure 1 summarizes the network models discussed above. In addition to the
classification of direct and indirect network effects and system effects, we can
identify a second dimension: with respect to expectations. For instance, in
Economides (1996), Katz and Shapiro (1985) and Matutes and Regibeau (1996)
agents evaluate (and decide) on the basis of the expected network size, whereas
in de Palma and Leruth (1996) and Church and Gandal (1996) the size of the
existing network enters the calculation of the agents. In de Palma and Leruth little
is said about expectations: the externality associated with good i depends on the
number of consumers using good i and compatible goods if they exist.

If expectations can be actively shaped, they can be valuable instrument of a
policy which aims at creating a network. For instance, if the government
guarantees a network size which is larger than the critical mass, it is easy to
forecast that the corresponding network will form. Similar effects result if a
network sponsor can commit itself to a price path which leads to "competitive"
second-period prices (see Katz and Shapiro, 1994) or if it is profitable for a
monopoly to invite entry so that customers can expect a network which is larger
than the network which corresponds with the monopoly (see Economides, 1996).
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Direct Effects Katz and Shapiro (1985): ( ) ( )S r v i r v y pi
e

i, , = + −  (surplus);

Farrell and Saloner (1986): ( )v x x′ −  (utility of good x minus alienation)

Matutes and Regibeau (1996): u a b Ni i i
e= +  (utility);

de Palma and Leruth (1996): ( )S q E p qE pi i i i; , = −  (surplus) with  E Si q= ,

the total quantity of compatible goods;
Economides (1996): ( ) ( ) ( )P Q S P Q f S; ;  = +0  (willingness to pay)
Choi (1996):  D (lump-sum utility added to the stand-alone value);
Jeanneret and Verdier (1996): ei  (quality mark-up on product quality);
David and Rothwell (1996): continuum of compatibility;

Indirect Effects Chou and Shy (1996): z e mB B
q , utility of consumer z from service related to

good B if A and B are compatible w.r.t. to service, and z e mB B t
q  if A and

B are incompatible w.r.t. to service, with m mt≥ .

Church and Gandal (1996): u N x ti i i= + + −β α  where N i  represents varieties

of software w.r.t. hardware i and t i  expresses hardware alienation and x is
the utility of an outside good

System Effects
(Mix and Match)

Matutes and Regibeau (1988, 1992, 1996).

Figure 1. Common Dimensions in Network Modeling.

From Figure 1 we can derive additional dimensions of network modeling. Some
of the models refer to buyers' individual utilities, others to their willingness to
pay. Obviously, we can integrate these two approaches with the help of the
surplus concept and some rather restrictive assumptions on the aggregation of
utilities. Another dimension could be identified by the fact that some models are
based on a lump-sum compatibility effect (e.g. Choi, 1996; Jeanneret and
Verdier, 1996), while other models relate the effect of compatibility to a network
which increases in size and effect with the number of participants or with the
quantities of the traded compatibility commodities or services.
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