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Abstract

We consider in this paper the evolution of a market in which a single product is
produced, which can be differentiated both on price and quality. The specific focus is
upon the consequences of new entrants into a market in which, initially, there is a single
monopoly supplier. We set up an agent-based model of firms and consumers, each

following particular rules of behaviour for pricing and purchasing.

The model extends beyond the comparative statics of conventional theory. In our model,
the market evolves over time, and solutions to the model describe the market structure

which evolves and emerges from the process of competition.

The model contains a strong element of contingency, so each individual solution of the

model is unique.

On average, across a large number of solutions, the price falls (and the quality improves)
from that set by the monopolist to a level very similar to that implied by the Cournot

model, given the average number of firms which survive in the model.

However, there is little or no connection across the individual solutions between the price

which eventually obtains and the number of firms which survive in the market.

Judged on the conventional criterion of the distribution of market shares, at any point in
time the market structure is, in general, anti-competitive. But, as the outcome on market

price shows, the model is competitive in any meaningful sense of the word.

The potential range of outcomes for the model is wide, reflecting the importance of
contingency in the process of the evolution of market structure. A certain amount of the
variation can be accounted for deterministically, but overall the results contain a

substantial stochastic component.



1. Introduction

Conventional approaches developed to examine competition and monopoly generally
examine the market outcomes in individual situations and compare them with alternative
potential outcomes. Often, the comparison is made between the outcome of a perfectly
competitive — desirable — market and the actual situation that is observed. Policy is then
directed towards moving the industry under examination closer to the description of the
competitive outcome.  This approach does not always produce the intended
consequences, however, or leaves a suspicion that market power is not being properly
characterised. For example, the changes imposed in the UK on brewers’ rights to tie their
outlets were intended to support the existence of smaller brewers. This is not what
occurred. Equally, repeated investigations of food supermarkets in the UK have failed to
identify the exercise of monopoly power — yet public discontent remains.

One possible reason for these apparent failures is that too little attention is paid to the
process by which the market might change and develop — or has already changed - in the
face of structural change. In addition, there is little understanding of the time over which

competitive forces operate and over which stable situations emerge.

This paper focuses on the competitive process in one particular example, where it has
already been recognised that conventional analysis may be weak. For example, dynamic,
high tech industries are characterised by factors such as falling average costs over a broad
range of output, quick and frequent entry and exit with modest capital requirements,
economies of scale in consumption and high rates of innovation. Rapid change means

that an analysis of process becomes essential.

The American authorities have already recognised in principle the challenges to
regulatory thinking which such industries pose. For example, Robert Pitofsky, chairman
of the US Federal Trade Commission, stated in giving evidence to a Senate committee on
'‘Mergers and Corporate Consolidation in the New Economy': ‘Merger analysis has moved

from strict reliance on structure-based presumptions that focused largely on market share



data to a sophisticated analysis that takes account of the dynamic nature of competition in
the real world" (Pitofsky, 1998).

We consider in this paper the evolution of a market in an industry in which a single
product is produced. The specific focus is upon the consequences of new entrants into a
market in which, initially, there is a single monopoly supplier. Companies can compete
on both the price and the quality of their offer. In other words, in common with almost
all goods and services which are produced in reality, the product is not completely

homogenous.

The model we develop can be applied in its current form to any industry where technical
or regulatory change is making entry of new firms possible. Application to a specific
industry requires calibration of the model to the particular characteristics of the industry.
The paper therefore outlines a template which illustrates a general model of market

change.

Our model formalises the principle of contestability of markets. We specify a process
which determines the timing and number of firms which enter the market, and the prices
and quality levels which they offer. The reaction of existing firms to new entrants is
described, as is the behaviour of consumers when confronted with a new set of prices and

quality levels.

The monopoly may have arisen for a variety of reasons. For example, in the twentieth
century, in many Western European countries, the physical distribution network of
utilities such as telecommunications, gas and electricity was captured by the state, and a
single monopoly producer was given control of the physical network. A more market
driven example is that of the establishment of VHS as the industry standard in videotape.
As VHS sales increased, the production costs of recorders fell as the scale of production
rose. Further, as the product became established as the industry standard, economies of

scale in consumption arose through more related products becoming available, such as



the wider availability of tapes. The computer industry provides another example, with

software becoming written increasingly in a particular operating system.

In each of these cases, the monopolist can be thought of as having captured the sales
network to consumers. In the case of utilities, this can mean quite literally the physical
network over which the product is delivered. More generally, however, this particular
concept of a network need not have a physical presence, and refers simply to the
connections from a supplier to the consumers. Consumers can only buy from those
companies of whose product they are aware. The phrase 'sales network' in this paper
means the set of connections from a firm to consumers. By definition, a monopolist has a
sales network which connects it to all consumers in the particular market, whether or not

the product is supplied across a physical network.

In this paper, we provide an example which starts by assuming that a monopoly has
captured the entire sales network — either as a result of state control or for other reasons.
We then consider the impact of new entrants to this market. Such new entrants may be
made possible by de-regulation and privatisation, but there is also a more general
interpretation where such entrants become possible because of new technology. When
new entrants come into a market, their ability to sell depends on the customers that they
are able to reach, either directly or indirectly. Unless potential customers are able to
consider the new offer, they will be unable to take it up. Each new entrant has access to a
sales network, which is an important feature of our model. However, the sizes of the
networks across new entrants is fixed as a set of parameters in the model, and we do not

in this paper introduce potential new economies of scale in consumption.

The model was first developed to illustrate the development of the UK
telecommunications industry, but is intended to be a more general approach to the
questions of market entry and consumer and producer behaviour in such circumstances.
We set up an agent-based model of firms and consumers, each following particular rules
of behaviour for pricing, quality setting and purchasing. At the outset there is a single

monopoly supplier. By construction, the market eventually contains an indeterminate



number of producers, each of which supplies the product close to the minimum price
which is both technologically feasible and enables a normal rate of profit to be made. In
other words, we begin with a monopoly and end with outcomes on price which on

average are close to the perfectly competitive market of standard economic theory.

However, the solutions extend beyond the comparative statics of conventional theory. In
our model, the market evolves over time, and solutions to the model describe the market

structure which evolves and emerges from the process of competition.

Section 2 of the paper sets out the theoretical model. The specification is deliberately
kept as parsimonious as possible, whilst at the same time maintaining a reasonable degree
of realism. The model, though containing only a small number of behavioural rules and
parameters, nevertheless generates a potentially complex range of results. Section 3
presents the properties of the model. Some implications are discussed in section 4.

2. The theoretical model

2.1 Overview

Initially, there is a single monopoly supplier selling a product, which can be
differentiated in terms of its overall quality, to a large number of consumers. The model
evolves on a step by step basis, with each step of the model representing a period of
calendar time. In the case of the general specification of the model, a market structure is
eventually reached in which there is an indeterminate number of suppliers. Each of these
firms supplies the product at a price below that which obtains in the initial conditions,
and which is close to the minimum which is technologically feasible. The original

incumbent need not be (though almost always is) one of these suppliers.



2.2  Description of the model

The market is populated by n consumers. We assume for simplicity that they each
consume an identical amount of the product in any given period. The amount spent per
period by each consumer, and hence total sales of the product, may change over time, but
our interest in this paper is on, amongst other things, the market shares of the producers
rather than on the total size of the market. So the amount spent by each consumer is the

same in any given period.

Initially, the market contains a single monopoly supplier, selling the product at a price of
Pmon (Using the subscript 'mon’ to indicate the incumbent firm's monopoly price), and with
a quality gmon. The model evolves on a step-by-step basis, in which each step is a period

of time.

We specify a process by which other firms enter the market, both in terms of frequency
and in terms of the total numbers entering each period. We specify as an input to the
model the maximum number of new entrants into the market. With the incumbent
monopolist, this makes a maximum number of k firms, where k << n. It is perfectly
reasonable to assume that the maximum number of new entrants , (k — 1), will in general
be relatively small, for two reasons. First, the entry of new firms generally reduces price
and improves quality, so that the opportunity for profitable entry of additional firms is
reduced. Second, capital stock and skills are by no means malleable in the real world,
and even very large companies rarely undertake ventures which are well outside their

established spheres of activity.

In the first step of the model, a potential entrant is drawn at random and enters the
market. Both this firm and all subsequent new entrants come into the market with a (p,q)
drawn at random from a uniform distribution on [Pmin, Pmon] @Nd [Qmin, Gmon]-  The price
Pmin IS the lowest possible price at which, after the process of technological innovation is
complete, the product can be offered and a normal rate of profit obtained by the most
efficient supplier. The quality qmin is the best quality at which the product can be offered,



again subject to a normal rate of profit being obtained. Note that, for simplicity, we
measure quality inversely, so that the lower the quality measure in our model, the better
the quality is. Note also that we express quality on a single dimension. This does not
mean that the product necessarily has only one feature which measures its quality. There
could well be several features, which are concentrated into a single measure of overall

quality.

In the second step of the model, each of the remaining (k — 2) firms enters the market
with probability &, where © = (pay + 0av)/2, Where pay and g.y are the average market price
and quality which obtain at the relevant time. We specify below how firms capture

consumers from competitors.

The rationale for this entry process is straightforward. The lower is the value of «, in
other words the lower is the market price and the higher is market quality®, the less likely
it is that a new entrant will be able to make a sufficiently attractive profit to justify the

costs and risks of entry into a new market.

In subsequent steps of the model, all potential entrants who have not previously entered
consider the prevailing value of &, and decide probabilistically on entry in just the same

way.

All n consumers are connected on a network to the initial monopoly supplier. This could
be in the case of telecommunications quite literally a physical network, but the use of the
word 'network’ in this physical sense is too limiting. 'Network® in this context means, as
noted in section 1, that consumers on the network of firm f; are both aware of the offer

from firm f; and are willing to consider buying from it.

! remembering that for simplicity we define a lower absolute value of the quality measure in the model to

mean an increase in actual quality



Each new entrant obtains potential access to a network of consumers. We can specify
this to be all n consumers for each firm, or for each firm to have access to a fixed
proportion of all consumers, with the precise consumers available to each firm chosen at
random. More generally, however, and in the results reported below, each new entrant
obtains potential access to a proportion of the total number of consumers drawn at
random from a uniform distribution on [ vmin, Vmax], Where vminmax € [0, 1]. Once the
group of customers to which a firm has potential access has been chosen, it is set up
immediately. A further simplification is that the group then remains fixed during all

subsequent steps in that particular solution of the model.

There are three obvious reasons why new firms in the market do not have potential access
(in general) to all consumers, which can obtain either singly or in combination. First, the
regulator could impose restrictions so that, for example and purely by way of illustration
from the telephone market, a new entrant could be permitted to offer international calls
but not domestic ones. Second, the marketing strategy of the firm may be such that not
all consumers are aware that the firm is making an offer in the market. In reality,
marketing strategies vary widely in effectiveness, and this is reflected in our model.
Third, the firm itself may deliberately target only a small percentage of consumers. In
the context of British land line phone calls, for example, several firms now specialise in

offering cheap calls to India, say, or to the United States.

In each period, each consumer reviews the price and quality of each of the firms to which
he or she is connected. The consumer at any point in time is only permitted to buy from a
single supplier. This is not always completely realistic, but is a reasonable assumption to
make in this initial specification of the model. The consumer is allocated from the outset
a weight w;, which expresses his or her preference between price and quality (w; is
chosen from a uniform distribution on [0,1]). The consumer calculates for each of the
firms on his or her network wi*p + (1-w;)*q. For the kth firm, we describe wi*py + (1-

W;i)*gk as being the overall value to the ith consumer of this offer — viy for short.



The consumer switches all of his or her business to the firm offering the lowest vy of the
k firms on his/her network (which may not correspond the lowest wi*p + (1-w;)*q then
on offer to other consumers, because the particular consumer concerned may not be
aware of such offers), subject to the following condition. At the outset, each consumer is
allocated a 'switching propensity', s;, which is drawn at random within [0, 1]. If the
customer identifies a vix, which is lower than that of his or her existing supplier, vim, he or

she will then switch to firm m from firm k , with probability s;.

There are several reasons for introducing this probabalistic element into the choice.
Although the product offers of the firms are very similar, they are not perfect substitutes,
for two reasons. First, the lowest (p,q) supplier may specialise in an offer which is not
very important to a given consumer. Someone who makes only local phone calls will not
be interested in a firm which provides only cheap international calls. Second, even
within the same segment of the market, such as local calls, the product is not completely
homogenous in that consumers may have doubts about the reliability of a previously

unknown supplier.

There are two other possible reasons why consumers will not in general switch to the
lowest price producer. First, there may be costs involved in switching. To take an
obvious example, if changing suppliers involved having to change telephone number —
staying with the telecomm example - for most people the savings on price would have to
be considerable to offset the inconvenience involved. Second, consumers may simply
exhibit inertia and stay with their existing supplier, perhaps because the savings involved

are small.
At the start of the next period, each firm already in the market is given the opportunity to

reduce its (p,q) offer. Firms are not certain about the distribution of preference across

consumers regarding price and quality, and so assign equal weight to price and quality in

10



each of the (p,q) offers which they observe®. They aspire to move to the (p,q) of the firm
for which o*p; + (1 - w)*q; is minimised, where o is the average of the w; across all

consumers.

However, firms differ in their ability to adapt their organisation in order to deliver the
desired (p,q) offer. We can think, for example, we can think of firms as differing in their
level of X-efficiency. The ability of the firm to do achieve the desired (p,q) depends on
the firm’s flexibility level ¢i. At the outset, each firm is allocated a flexibility level, o,
which is drawn at random from a uniform distribution on [@min, @Pmax], Where @min, max €

[0, 1]. In each period, each firm switches to the lowest w*p; + (1 - ®)*q; with probability

¢i. .

Consumers then review their choice of suppliers given the revised set of (p,q) from
existing suppliers, and given the (p,q) offered by new entrants (if any) in that period.

The model proceeds on a step by step basis. In the limit, of course, if the model is
allowed to run for a sufficiently long time with a very large number of potential entrants,
both p and g will in general converge towards zero. However, a key feature of the model
is that it is not intended to describe the outcomes of two equilibria — the first with the
monopolist setting (p,q) at (1,1), and the second a perfectly competitive outcome in
which both p and g approach zero in the limit, the second of which obtains after a totally
unspecified period of time. Rather, we recognise that economic processes are rooted in
time. It is not at all useful to say that, once a monopoly has been opened up to
competition, eventually, at some unspecified point in the future, a different equilibrium
will prevail in which (p,q) is no longer at (1,1) but is arbitrarily close to (0,0). Indeed,
Atkinson (1969.) provides evidence to suggest that the timescale of transition between

equilibria in many theoretical economic models is extremely long. We are interested in

2 technically, they assign a weight equal to the average across all consumers. Of course, when the model is
populated by a large number of consumers, the average weights on price and quality will be, with very high

probability, very close to equal
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how the market evolves over a specified and realistic time-scale — up to 10 years, say.
And we are interested in the relationship between (p,q) and the market structure which

evolves over such a time scale.

Once a firm has entered the market, it is able in principle to acquire customers both in the
period in which it enters, and in each subsequent period. We do not specify an explicit
cost function for firms, but assume there is a minimum level of sales, x, which any firm
needs to be able to continue to exist. We specify x in terms of market share, with x being
a parameter of the model. If a firm fails to secure x per cent of the market for two
successive periods, it is deemed to then exit the market.

Finally there is the issue, frequently neglected in economics, of how to translate the
concept of time in theoretical models into realistic time scales. Often, the question is
avoided altogether by recourse to the method of comparative statics. In other words, the
equilibrium solution of a model after a posited change has taken place is compared to the
equilibrium situation beforehand, and the issue of time is not addressed. Atkinson
(op.cit.) demonstrated some of the potential pitfalls of this neglect, showing, for example,
that the implied time scale over which adjustment between equilibrium paths took place
in neo-classical models of economic growth could be of the order of 100 years.

Our model evolves on a step by step basis, where each step corresponds to a unit of time.
There is no unequivocal, natural definition of the unit of time in the model. But
switching by consumers on the basis of price is a central feature of the model. Given that
in many utility markets, for example, consumers receive bills quarterly, it seems sensible

to define a unit of time in the model as being one quarter in real time.
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3. The results

3.1  Preliminary remarks

As we noted in the introduction, the model has been kept as parsimonious as is consistent
with achieving a reasonable degree of realism in describing how markets with new
entrants might evolve. It is, however, complex, and the exploration of its properties is

not straightforward. In terms of parameters, for example, we have

e The maximum potential number of new entrants

e the prices at which new firms enter the market

e the quality of the product with which new firms enter the market

o the flexibility of each firm, measuring its ability to react to lower prices and better
quality levels offered by competitors

e the switching propensity of each consumer

e the minimum market share required in order to continue in the market

The time-scale over which the model converges to a stable distribution of market share at
a price close to the minimum possible price and a quality close to the best can be affected
substantially by the choice of the ranges from which these parameters are drawn.
Further, the outcome as far as the incumbent monopolist is concerned is affected by its

position in the range of flexibility.

In this paper, we report on a realistic scenario in which there is a maximum of 19
potential new entrants. Each of these entrants has a potentially high level of connectivity.
In other words, the value chosen for vmax, the maximum proportion of total consumers

which can be connected to any new entrant, is high

In constructing this scenario, we have in mind a type of economic structure which is

intended to describe a process in which entry into the market is mainly by other large
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firms. The firms may be carrying out important brand extensions, or may even be

investing in a new and more modern type of physical infrastructure.

3.2 Parameterisation of the model

We populate the model with 1,000 consumers. This is a sufficient number such that
every eventuality can occur. The use of a greater number of consumers is not required in

order to understand the properties of the model.

The proportion of the total number of consumers to which new entrants are attached on a
network is drawn at random from a uniform distribution on [0, 1]. In other words, new
entrants get potential access to between 0 and 100 per cent of consumers. The expected

mean value is, of course, 50 per cent across the entrants.

The price of the incumbent monopolist is set initially equal to 1, and the prices of new
entrants are drawn at random from a uniform distribution on [0,1]. This does not, of
course, mean that the price might literally be zero in reality. The range [0, 1] simply re-
scales the range across which prices in any actual situation might vary.

It is worth expanding this point. As Vickers (1994) notes ‘in the textbook competitive
model all sellers of the good are assumed already to know the minimum cost of
production, ... it is only through the process of competition that the facts will be
discovered’. There are essentially two reasons why prices might fall in this model. First,
through competitive pressure as new entrants come into a market previously dominated
by a monopolist. Second, as technological innovation over time enables the product to be
supplied at prices which were not previously feasible, in the sense that profit could not be
made at such prices.

In practice, these two reasons will often be mixed together, but they are conceptually
distinct. We might think, for example, of a utility operating with mature technology

under a state monopoly. The legal process of de-regulation could permit entrants into
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this market for the first time, each with access to very similar levels of technology, but
operating with varying degrees of efficiency. In these circumstances, prices are reduced
purely by competitive pressures. In contrast, we can imagine a situation in which a
company has acquired over time an effective monopoly. A technological innovation is
made which enables competitors to enter the market, and continuing investment in

research and development enables prices to fall further and further.

Our model does not in its present form distinguish between these two sets of
circumstances. In both cases, prices are drawn uniformly from [0, 1]. Yet in practice,
prices are likely to fall further in the second of these cases than in the first. The range [0,

1] simply re-scales both these ranges in the model.

The flexibility parameter, ¢;, for each firm is also drawn at random from a uniform
distribution on [0,1]. This means that, on average, the incumbent will have a flexibility
level of 0.5, exactly in the middle of the distribution. In practice, whether through years
of inertia brought about by the previous monopoly position, or because of actions of the
regulator, the incumbent may well have a flexibility level which is initially lower than the
average. However, we explore initially the implications of the incumbent having, on

average across the set of solutions, the average level of flexibility.

The switching parameter, s;, for each consumer is set up as follows. First, a random draw
from a uniform distribution on [0, 1] is made, giving a o; for each consumer. The
switching parameter s; is then given by s; = 1 - o;. This gives a distribution of the s;
such that most consumers have a fairly low propensity to switch in any given period, and
a small number have a high propensity to switch. The mean value of this distribution is
1/3. The qualitative nature of the results is not affected if we use distributions with

higher means, such as a normal with mean = 0.5.

The probability density function is plotted in Figure 1 below. Supposing, for example,
that a consumer with this value of s is confronted on four successive occasions with the

choice of switching, the probability that he or she will not do so is just under 0.20. If the

15



si were chosen instead simply drawing from a uniform distribution on [0, 1] giving a
mean of 1/2, this probability would of course be only 0.0625, a figure which is reached

after approximately seven periods with the choice of s; which we actually use.

0.5]

0 ;
0 0.5 1

Figure 1 Probability density function from which the switch propensity for each

consumer, o is drawn.

3.3 The results

The probabilistic nature of the model means that its properties must be explored by
simulation. Under each scenario, we therefore carry out 1000 separate solutions of the
model. Each time, we start from the initial conditions that the monopolist has 100 per
cent of the market, selling at pmon = 1 at a quality gmon = 1, where 1 is the worst level of
quality and O the best. The timing and numbers of firms which enter, and their networks
to consumers, also varies across each of the simulations. The scenarios are different from

each other in five respects:

the flexibility of each firm, o;, is drawn separately for each scenario

the switching propensity of individuals, s;, is also drawn separately

the prices and qualities at which firms enter the market differ between the

scenarios

the timing at which firms try to enter varies between the scenarios

16



e the proportion of consumers to which each firm gains potential access also differs

between scenarios

In these results, the minimum market share required to stay in the market, x, is assumed
to be 1 per cent, but, within reason, the properties of the model are robust with respect to

choice of x.

Figure 2 plots the average time profile of entry into the market once it is opened up to
competition. Given that the average market price and quality variable, =, is in general
high in the first few steps of any solution of the model, most new entrants come into the
market early on. This seems to be empirically realistic. Over time, in most solutions of
the model all the potential new entrants eventually do enter in general. The average
number of actual entrants at period 40, for example, is 19.89. We can think of later
entrants as firms which have had a chance to refine their possible offers in the light of the

evolution of the market, and so believe they can still make a profit even when = is low.
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Accumulative Number of Firms Who Have Entered the Market

4]
o

15

10

Number of firms in the market

Y 5 10 15 20 25 30 35 40

Time Period
Figure 2 Time profile of firm entry, average across 1,000 solutions. This chart
shows the cumulative number of firms who have entered the market, not the number

which survive in the market at any given time.

Figure 3 plots the histogram of the average price which emerges after 40 periods of the
solutions of the model.
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Histogram of Average Price Outcomes After 40 Periods
300, - - - i

Frequency
—
U
S

0.4 0.6 0.8 1
Average Price

0.2

Figure 3 Histogram of average price outcomes in 1,000 solutions of the model after 40

periods

The single most frequently observed outcomes for the market price is in the range 0.00-
0.05. In other words, price does fall to a level close to the minimum which is feasible.
Occasionally, however, the price remains relatively high. In terms of the distribution of
outcomes across a number of solutions of the model, the quality of the product evolves
similarly to price, although the outcome of the two may obviously differ in any given

scenario.

The mean level of market price after 40 periods is 0.147, with a minimum of 0.0001 and

a maximum of 0.581. The inter-quartile range is between 0.069 and 0.225.

Figure 4 plots the histogram of the outcomes, again after 40 periods, across the 1000

solutions of the model of the market share of the initial monopolist.
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Histogram of the Marfket Share of the Monopoly After 40 Periods
200 . - T

Frequency
—
=

20 40 60 30 100
Market Share (%)
Figure 4 Histogram of market share of the initial monopolist in 1,000 solutions of

the model after 40 periods

Quite frequently, the incumbent monopolist retains a very high market share. Despite
this, as Figure 3 shows, the market price usually falls very sharply. The average market
share of the monopolist after 40 periods is 46.2 per cent, with a minimum of 3.5 and a
maximum of 95.5 per cent. The inter-quartile range is wide, between 32.4 and 60.0 per

cent.

An important determinant of the eventual market share of the monopolist is its flexibility,

as Figure 5 below shows.
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Flexcibelity of Monopolist Against Market Share After 40 Periods
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Figure 5 Scatter plot of 1,000 solutions of the model between the flexibility of the

initial monopolist and its market share after 40 periods

A high level of flexibility is by no means a guarantee of a high eventual market share, but

the simple correlation between the two variables is 0.647.

A wide range of outcomes is possible for the number of firms who remain in the market

after 40 periods, as Figure 6 shows.
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Histogram of the Numiber of Selling Firms After 40 Periods
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Figure 6 Histogram of number of firms who remain in the market after 40 periods,

1000 solutions

The mean number of firms is 7.9, so that on average just over 12 out of the 20 firms exit
the market. This seems compatible with the outcomes which are observed in practice

(see, for example, Carroll and Hannan (2000)).

Figure 7 sets out the distribution of the average market share of the 8 largest selling firms
after 40 periods. (Of course, in a number of the solutions of the model, when fewer than
8 have non-zero sales, the value for some of the ‘largest’ 8 in these particular solutions is

zero).
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Figure 7 Distribution of market share of the 8 largest firms in 1,000 solutions of the

model after 40 periods

The figure shows the distribution regardless of the identity of the firm. In the majority of
solutions of the model, the largest firm is the initial monopolist, but this is not always the

case.

Interestingly, a good approximation to the size distribution of the largest 8 firms after 40
periods is provided by a power law. Axtel (2001) shows that this a general characteristic
of the distribution of firm sizes in the United States. A log-log least squares fit of
average market share in Figure 7 on the rank of the firm by market share (largest has rank
equal to 1, etc.) gives an R? of 0.982 and an estimated exponent of —1.67 with a standard
error of 0.02. An exponential also gives a good approximation to the distribution of firm

size, but the power law is better.
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3.4 Market price and the market share of the monopolist

We can also consider the outcomes of this modelling approach and compare the results
with other ways of thinking about the process of competition. For example, it is often
thought that reducing the market share of a monopolist (for example by competition
policy) will ensure lower prices. We can examine whether there is any connection here
between the eventual market share of the monopolist and the prevailing market price.
Figure 8 shows the scatter plot between these two variables.

Market Share of Monopolist Against Average Price After 40 Periods
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Figure 8. Scatter plot of 1,000 solutions of the model between the eventual market share

of the initial monopolist and the average price after 40 periods

The simple correlation between the two is -0.0606

3.6  Market price and the number of selling firms

We can also look at the relationship between the total number of firms and the final
market price. Here, standard economic theory implies a relationship between the
equilibrium market price and the number of firms in the market. The fewer the number
of firms, the more the price will be above the level which just covers both costs and a

normal rate of profit.

The Cournot model of oligopolistic markets is used widely. The exact relationship
between the equilibrium market price and the number of firms in the market depends
upon the particular form of the market demand function which is assumed to exist. As an
approximation, however, it is proportional to cost*(1 + 1/N), where N is the number of
firms in the market and where cost includes a normal level of profit. As N increases, the

price converges on cost.

There are two important differences between our model and the standard economic
approach. First, as with the incumbent’s market share, there is little or no connection
between the market price which eventually obtains and the number of firms in the
market. Second, for any given number of firms in the market, the market price in our

model is below that of the Cournot model, often substantially so.
Figure 9 below plots the relationship between the eventual market price and the number

of firms in the market. It is clear that there is little or no connection between the two.

The simple correlation is in fact 0.184.
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Figure 9 Scatter plot of 1,000 solutions of the model between the number of firms in the

market and the average price after 40 periods

The key difference between our model and that of, say, the Cournot model is that with the
latter there is a deterministic relationship between the number of firms in the market and
the market price which obtains. The more the number of firms, the closer the price
becomes to the theoretical level of a perfectly competitive market. In our model, in any
particular solution of it there is no necessary connection at all between price and the
number of firms. As Figure 9 shows clearly, a very low price can obtain with just one or
two firms in the market. Equally, a relative high price may exist with 10 or even 15 firms

in the market.
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This difference between the Cournot model and our own is much more important than
any similarities. However, we can compare the average market price which obtains in
our model across 1,000 simulations and the average number of firms which survive.
Purely by coincidence, given the average number of firms which survive in 1,000
solutions of the model, the average price across these solutions is very similar to that of
the in the standard Cournot model.

On average, after 5 years there are 7.74 firms in total in the market in the simulations of
our model, barely rising to 7.91 after 10 years Two widely used illustrations of the
Cournot model are with a linear and log-linear market demand function, respectively.
With a linear demand function, the mark-up on cost is (1 +1/(N+1)), and with a log-linear
one it is (1 + 1/(N-1)). These imply, respectively, a market price which is some 11 and

15 per cent above cost.

A price of zero in our model is defined to be the lowest technologically feasible price
which enables costs to be covered, including a normal profit margin. In these
simulations, the average market price is 14.7 per cent above this after 5 years, and 14.6
per cent above after 10 years. In other words, our model implies very similar margins on
average to conventional Cournot solution. However, to stress again, there is a
fundamental difference between the two approaches. Namely, in our model the mere
presence of only a small number of firms in the market does not prevent a highly

competitive market price from becoming established.

4 Summary and Implications

This paper has established a model of the competitive process based on a set of rules of
behaviour which are both basic and plausible. Firms act in order to enter markets
profitably and to increase their market share. Consumers behave rationally, purchasing a
new product if it is cheaper.
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Our model formalises the principle of contestability of markets. We specify a process
which determines the timing and number of firms which enter the market, and the prices
and quality of the product which they offer. The reaction of existing firms to new entrants
is described, as is the behaviour of consumers when confronted with a new set of prices

and qualities.

The results of the competitive process, once entry occurs, leads to price in the
marketplace which is generally close to the competitive minimum. Individual solutions of
the model vary in the speed with which this minimum is approached. In all cases,
however, there is a reduction in price and an improvement in quality, and consumers are

offered more choice.

In summary, the key results are as follows:

e there is a strong element of contingency in the model, and the evolution of the
market over time can differ substantially between individual solutions carried out
with the same values of the fixed parameters. However, it is still possible to draw
general conclusions about the typical behaviour of the model over large numbers of

solutions.

e the market price generally falls from the level set by the initial monopolist to
close to the minimum which is both technologically feasible and consistent with a
normal margin of profit (quality also improves to become close to the best which is

feasible)

e the market price is on average very similar to that implied by the Cournot

equilibrium given the average number of firms with non-zero sales

28



e however, in any individual solution of the model, the market price which
eventually obtains is not really influenced by the number of firms which remain in the

market

e the monopolist retains, in general, a substantial share of the market

e judged on the conventional criterion of the distribution of market shares, at any
point in time the market structure is, in general, anti-competitive. But as the outcome
on market price shows, the model is highly competitive in any meaningful sense of
the word. The original monopolist retains market share by responding to the
competition created by new entrants and by lowering its price accordingly.

e the majority of new entrants fail, which seems to fit empirical evidence

e the distribution of market share is approximated closely by a power law, which

again conforms with empirical evidence

The results of this approach to the issue should give regulators and policy makers pause
for thought when considering contestable markets. For example, it is not the case that a
competitive market (in the sense of having a competitive price), will necessarily have lots
of firms, or will have driven down the original incumbent’s market share. Further,
although market share is often used as an indicator — indeed as a primary indicator — of
the presence of monopoly power which may lead to anti-competitive behaviour, these
results show that this can be seriously misleading. Finally, the existence of an incumbent
by itself does not necessarily tell us much about whether the price is low or high and

whether the market is competitive or not.
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