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1.1

CHAPTER 1

Introduction






1.2

This volume contains the economic studies which have been undertaken as
part of the research programme on the 'Costs of Non—-Europe', a programme

which was launched in 1986 and completed in early 1988.

The 'Cost of Non-Europe' project, funded and undertaken by the European
Commission, has sought to establish the cost of the present market
fragmentation of the European Community and thus, the potential benefit to

be derived from the removal of market barriers.

From the beginning, it was clear that this would be a complex task. On the
one hand it was necessary to examine what kind of changes could be expected
in a number of important sectors and the impact that certain key
liberalisation measures might have, such as removing technical barriers,
border related <controls and administrative formalities and public
procurement restrictions; executive summaries of the sectoral and thematic
studies that address these questions are to be found in volume 1 of this

series.

At the same time, it was evident that the combined and inter-related effect
of all the changes would profoundly influence the way in which economic and
commercial activity was organised in the Community. It was necessary,
therefore, to both fully investigate these effects and to develop an

analytical framework which would evaluate them in a consistent fashion.

This was particularly true for the benefits that might be expected from
greater market integration. Such benefits comprise the gains that appear
from increased competition, from improved technical efficiency, from the
exploitation of scale economies and from the encouragement of innovative
activity, both in terms of technical progress and in the development of new

products and services.

These integration effects, despite their extreme importance, are difficult
to quantify. To come to grips with the problem and to try and establish a
satisfactory methodology, the Commission organised in December 1986 a

Round-Table meeting in which a number of economic experts participated.
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The discussion at that meeting was wide-rangingl even if the initial focus
was on economies of scale. One of the important features of commercial
activity in the Community to date has been the dramatic increase in
intra-industry trade. The phenomenon of intra-industry trade can be
explained by the presence of economies of scale in the production and
provision of differentiated goods. Free trade allows both lower unit
costs due to the scale effects of producing for larger markets and
increased variety via two-way trade in differentiated goods. But it is
also important to consider the aspect of technical efficiency. The opening
of markets and expansion of trade can produce benefits in addition to those
arising from scale and variety because the presence of foreign competition
can diminish the oligopoly power of domestic companies and exercise a

positive impact on X-inefficiency.

One of the important points to emerge, therefore, from the discussion was
that market power was a key issue. Not only were the benefits of market
integration sensitive to market structure but that the question of
competition and merger policy at a Community level, to combat the emergence
of oligopoly power in a larger market, would be extremely important. The
potential benefits of 1lower trade Dbarriers in Community sectors
characterised by scale economies and imperfect market structures could be

substantial.

Another conclusion of the Round-Table meeting was the need for a number of
methods to tackle such a complex problem, if only because alternative
approaches would produce a check on the results obtained. It is in this
fashion that the research programme on the 'Cost of Non-Europe' was

developed and refined.

An industrial survey of 11,000 companies in the Community has produced a
wealth of qualitative and quantitative information on the extent of
existing barriers to trade and business activity and on the expected

changes in costs and sales that would follow internal market completion.

1 The bibliography at the end of this volume provides the background.
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The results of this survey are reproduced and analysed in volume 3 of this
series. At the same time an analysis of existing price differences for
consumer and investment goods in the Community (Chapter 7, European Economy
no. 35, European Commission, 1988) has indicated the potential for price

convergence and lowering in a unified market.

The contents of the present volume reflect two requirements of the research
programme on the 'Cost of Non-Europe'. The first is the need to examine
both economies of scale and market structure in the context of market
integration. Furthermore, the scale economies analysis should be as
wide-ranging, sectorally, as possible and take into account the impact of
technological change. The second is the necessity of having an overall
analytical framework and one which would preferably provide a link between

all the microeconomic effects and the macroeconomic ones.

Chapters 2 to 4 of this volume present work on the potential for cost
reductions from economies of scale. Chapter 5 treats the question of both
market structure and scale effects in the context of market integration by
using a modified partial equilibrium approach. The sixth chapter examines
the relationship between increased competition and innovation while the
seventh is devoted to the characteristics of intra-industry trade in the

Community.

The remaining chapters are of a slightly different nature. They present
two quite separate through complementary approaches to the quantification
of the potential benefits arising from completing the internal market.
Chapter 8 deals with the microeconomic approach which has been developed
using partial equilibrium techniques to measure the welfare gains from
reducing or eliminating non-tariff barriers. Part of the microeconomic
aggregation exercise (Annex A of European Economy no. 35, European
Commission) has involved estimates of the economies of scale gains from
restructuring. This work is presented in Chapter 9. Chapter 10 is devoted
to a description of the simulations which have been undertaken using the
Hermes and Interlink models, in order to interpret the findings of the
microeconomic studies on internal market completion in terms of

macroeconomic variables and their dynamic behaviour.
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1.5

One of the difficulties throughout this work has been the need to obtain
both quantitative and qualitative data at a relatively disaggregated
level. The paucity of data in some cases has meant that geographical
coverage 1is 1less widespread than would be desirable. In certain
circumstances, therefore, some of these studies should be considered as
illustrative rather than totally comprehensive, though attempts have been
made to generalise the work. Though supervised by services of the
Commission, these studies remain the responsibility of the respective

authors.
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CHAPTER 2

A Survey of the Economies of Scale

Cliff Pratten,
Department of Applied Economics
University of Cambridge
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Section 1. Introduction

This paper surveys estimates of the economies of scale and analyses
the implications of these estimates for the completion of the EC,

Section 2 of the paper gives an outline definition of the economies
of scale. Section 3 provides a brief description of the alternative
methods of measuring the economies of scale. The conclusion to Section
3 is that engineering estimates are the most reliable estimates of scale
economies. Section 4 describes the characteristics of industries which
predispose them to being industries with large or moderate economies of
scale. Engineering estimates of economies of scale are surveyed in
Section 5. Engineering estimates are a reliable source for assessing the
economies of scale for development and production costs. They are far
less satisfactory for evaluating the economies of scale for multi-plant
and multi-product firms. The economies of scale for firms are analysed
in Section 6. Other evidence bearing on the magnitude of economies of
scale is reviewed in Section 7.

The emphasis on, and the apparently rapid growth of employment in,
small businesses in some countries in recent years conflicts with the
perception of generally large economies of scale. This conflict is the
subject of Section 8. 1In Section 9 the pattern of the Community's
exports is related to the estimates of the economies of scale. The
purpose of this analysis is to test whether the community's exports are
concentrated on trades subject to large economies of scale,

Most of the material in the earlier sections focusses on
manufacturing industries. The economies of scale for services are
considered in Section 10. Finally the impact of the completion of the

EC via the economies of scale is assessed in Section 11.
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Section 2. Definition of the Economies of Scale

Definitions

Economies of scale (E0S) are reductions in average unit costs

attributable to increases in the scale of output. Diagram 1 illustrates

the point. As output increases from x, to Xy unit costs fall from Y1

1
to Yo+ The scale at which unit costs cease to fall is labelled the MES
- the minimum efficient scale. In practice, the MES is usually defined
in terms of the scale above which costs cease to fall rapidly, rather
than the level at which they cease to fall at all.

In this paper the principal measure of the extent to which costs
rise below the MES level is the percentage increase in costs at a half
the MES. In diagram 1(b) this is (yz‘- yl) as a percentage of ¥y
Again, in practice, costs are often divided between the bought out
element of costs, materials, components and services bought from other
firms, and internal costs including profits, or value added. This

distinction is made because for some industries relatively few economies

of scale relate to the bought out component of costs.

Diagram 2.1. (a) Costs and Qutput (b) Costs at Output
below the MES

4
Unit " Unit
Costs Costs
% "
% Xa  NES Thear Mo
Quantity of Output Quantity of output
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The Dimensions of Scale

In the literature economies of scale are most often associated with
the scale or output of establishments (alternatively termed plants or
factories) or the size of firms (companies). Cement is a relatively
homogenous product and cement plants are often used to illustrate the
economies of scale. Also many cement plants produce a single product,
portland cement. Economies of scale for these plants apply to an output
capacity of more than a million tons of cement a year.

In practice, at most plants a range of products is made and there
are many, often inter-related, dimensions of scale to which economies of
scale apply. Increases In the size of establishments or the overall
size of firms per se are not necessarily the principal sources of
economies of scale to be reaped from completion of the internal EC
market.

The main dimensions of scale are:

a) Dimensions affecting the efficiency of production

1) The total output of particular products through time

2) the duration of production runs - the period during which a
distinct product is made or produced before switching to the
processing of another product.

3) The rate of production of particular products per unit of time
(The size of batches is determined by the duration of
production and the rate of production)

4) The extent of standardization of components and products.

5) The capacity of units of plant, machines and production lines
within plants

6) The total capacity of individual plants
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7) The overall size of a complex of plants at omne site
8) The extent of vertical integration - the range of operations

and stages of production performed at plants and by firms

b) Dimensions affecting selling and distribution costs

9) Sales to each customer
10) The geographic concentration of customers

11) The size of consignments to customers

c) Overall dimensions of scale

12) The size of firms
13) The scale of an industry

14) The scale of a national economy

Scale economies are reductions in unit costs attributable to
different positions along dimensions of scale. In the same way that
there are scale economies attributable to the size of plants, scale
economies may relate to the. size of batches, the size of firms or
industries, etc. However a noteworthy distinction has been introduced
into the literature. Where the production of two or more products
reduces costs compared to the position where each product is produced

separately in similar quantities, the economies are termed the economies

of scope.
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The Sources of Economies of Scale

The forces making for economies of scale are:

a) Indivisibilities

There are many costs which are at least partly independent of scale
over certain ranges of output i.e. costs which are wholly or partly

indivisible with respect to output. The following are examples:

Type of cost: Partly or wholly indivisible with
respect to:

The initial development and The output of the car
design costs for a new car

First copy costs of books, The number of copies produced
newspapers, etc.

Obtaining tenders and studying The size of orders placed for the
sources of supply for a component
component

Items of capital equipment The total output for which the

equipment is required

Office records for a batch The size of the batch
of a product

Preparation of advertisements The area of the country in which
the advertisements are shown

As the relevant dimensions of scale are increased, indivisible costs can
be spread over a larger throughput and the cost per unit is therefore

reduced.
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b) The economies of increased dimensions

For many types of capital equipment both initial and operating
costs increase less rapidly than capacity. A typical example of such
economies occurs in the construction of tanks, pressure vessels and road
and sea tankers which are used in the chemical and oil industries. If
the thickness of the walls of a tank are not affected by its size, then
the cost of increasing capacity increases approximately
in proportion to the surface area, while the capacity of the tank rises
in proportion to its cubic capacity. Another reason for large units
being relatively less costly is that there are proportionately fewer
parts to make and fabricate. Operating costs may also be affected by
the size of units. 1In the processing industries the total direct labour
costs of operating units of equipment are not much affected by their
size, and maintenance costs are usually assumed to be proportional to

the capital costs of equipment.

(1) The economies of increased dimensions and the economies of
specialisation which are considered in the following sub-section,
may be considered as examples of indivisibilities. If labour and
capital equipment were divisible in the same way, as say, a bucket
of sand, then there would be no economies from these sources. Many
types of equipment and labour are divisible in the sense that it is
possible to build units with smaller capacity and employ less
expensive labour, or to employ staff on a part-time basis, but the
cost per unit of capacity may be higher because of the economies of
increased dimensions and of specialisation, i.e. if the factors are
purchased in small quantities, they may be less efficient. This
distinction was made by E.H. Chamberlin in 'Proportionality,
Divisibility and Economies of Scale'. Q. Jnl. of Econ., 1948.
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One possible source of diseconomies for using larger units of
capital equipment is that they may take longer to design, build and run
in, particularly if the size is outside the manufacturer's existing
experience. If large plants take longer to construct this will increase
the cost of equipment because of the cost of capital tied up while the

plant is built and run in.

c) The economies of specialisation

The larger the output of a product, plant or firm, the greater will
be the opportunities for, and advantages of, specialisation of both the
labour force and the capital equipment. Increased output may enable a
firm to employ staff with special skills, or staff with more highly
developed skills. Also it may be economic for firms with a large
throughput to use special purpose machinery.

Increased output will provide greater opportunities for
specialisation not only within a plant, but also for suppliers of
materials and services bought out.

(1)

d) The economies of massed resources

The operation of the law of large numbers may result in economies
of massed resources. For example, a firm using several identical
machines will have to stock proportionately fewer spare parts than a
firm with only one machine, because the firm with several machines can

assume that its machines are unlikely to develop the same faults at the

(1) 1If all factors of production and all products were infinitely
divisible, there would be no economies of massed resources i.e. the
economies of massed resources may also be regarded as a type of
economy caused by indivisibilities.
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same time. There may be similar economies for stocks of raw materials,
and intermediate and final products, part of which may be held to meet
interruptions to the supply of raw materials, a temporary breakdown of
intermediate plants, and the uncertain flow of orders from customers.
Similar economies for certain types of labour and monetary resources may
be achieved by a large firm.

A large company's ability to spread risk may enable it to take
greater risks. Large concerns have a greater opportunity for
experimenting with new methods and introducing new products without
jeopardising the future of the business if particular new methods or
products are unsuccessful. Similarly if a firm operates in a number of
national markets it can experiment with different policies in individual

markets.

e) Superior techniques of organising production

Increased scale may make it possible to use more efficient
techniques or methods of organising production; for example, as scale is
increased automatic machinery may be used instead of manually operated
machinery, or it may be possible to substitute methods of flow
production for batch production. If high rates of output enable a firm
to substitute flow for batch production, this usually results in a
faster rate of production i.e. the time taken between work commencing on
a product and its completion is reduced, and this should reduce unit

costs for stocks and work in progress.
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f) The learning effect

Learning is a source of economies which relates to movements along
some dimensions of scale, particularly the cumulative output of products
and the length of production runs. Diagram 2.2 illustrates the
relationship. Unit costs are shown to decline as the cumulative output
of a product increases. In theory the effects of learning (or
experience) can be divided between the invention and introduction of new
techniques - technical progress - during a production run, and the other
cost-reducing effects of sustained production of a good. Examples of
the latter are greater manual dexterity brought about by experience of
production and machining successive batches of components more exactly

as experience of assembly is obtained.

Diagram 2.2 The Learning Curve

Unit Costs

Log scale

Cumulative output of a product
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g) Economies through control of markets

A vertically integrated concern may be able to achieve economies by
evening out the flow of output. If the operation of two consecutive
processes reéuired to produce a product are under independent ownership,
a conflict of interest may arise and result in fluctuating
output. For example, an independent retailer when reducing his stocks
will not take into account the losses to be incurred by a manufacturer
due to lost production. The price system, operating through reductions
in prices by manufacturers at times of slack capacity, may not counter
this tendency because retailers may assume that the slackness of demand
on manufacturers will continue for some time, and that prices will fall
still further, and so price cuts may not stimulate orders.

Control of a market by a manufacturer may reduce the uncertainty he
faces — he will know that customers cannot switch their custom to
competitors - and so enable him to invest moré heavily in capital
intensive methods of production. The possible economies a firm can
achieve through the control of its markets which have been outlined so
far are advantages attributable to a monopoly situation -~ the supplier
controls the customer. Also they only occur becaqse there are changes
through time in market conditioms.

Apart from the scale economies which may be achieved by vertical
expansion there are also other economies - such as reductions in buying
and selling costs, reduced need for checking the quality of consigmments
and control of the timing of deliveries and quality - which are

attributable to the control of suppliers.

This completes the outline of the sources of economies of scale.

We now turn to the sources of diseconomies of scale.
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The Sources of Diseconomies of Scale

Increases in unit costs may occur as scale increases for two groups
of reasons:

(a) The supply of a factor of production is fixed or the cost of a
factor increases as demand for the factor rises.

Examples of factor limitations are:

(i) the labour supply in an area available to a firm

(ii) the space available at one site for a factory
(iii) the supply of water which can be taken from a river for
purposes of cooling a plant

(iv) the supply of a material produced as a by-product of another

process

(v) the size of ship which can dock at a port.

(b) The efficiency in use of a factor of production declines as
the quantity of the factor of production used by a firm increases.

The first source of increases in costs caused by the supply of
factors of production being fixed or the costs of factors increasing as
demand rises is not a source of diseconomies of scale. TFor the purpose
of measuring the economies of scale, it is assumed that there is a
perfectly elastic supply of factors of production available to firms -
the quantity of factors they buy does not affect the price. In practice
factor costs may rise with increasing scale and offset the economies of
scale.

The efficiency in use of factors of production may decline with

increases in scale for the following reasons:
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(a) Technical forces

There are some technical forces which cause diseconomies of scale.
As the capacity of individual units of plant is iIncreased, increased

(1)

stresses and strains and friction may result, and to combat these,
wider gauge walls etc., may have to be used, different, and more
expensive materials employed, cooling systems, or improved cooling
systems be introduced, or more elaborate foundations may have to be
built. It is usually technically possible to overcome the problems
caused by increasing stresses and strains etc., in large plants, but in
certain cases, and over certain ranges of capacity, the costs of
overcoming them increase faster than the increase in scale. There are
in practice two types of costs required to overcome these problems ~ it
may be necessary to use more expensive (and stronger) materials etc.
and/or there may be initial costs required to invent new techniques to
overcome the technical limitations when the first of a larger scale of
plant is built. A way of avoiding any net diseconomies because of
increased stresses and strains in many cases is to duplicate units of
plant. Thus stresses, etc. are a limitation on the sources of economies

of scale rather than a source of diseconomies.

(1) An example of stresses and strains increasing more than
proportionately over a range of output is provided by turbines. If
very large turbines are built the ends of the blades travel at a
speed near to that of sound. At this speed the strains and
stresses increase more than proportionately with the capacity of
the turbines.
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(b) Management

It has been argued that the costs of management may increase more
than proportionately with scale or the effectiveness of management may
decline as scale is increased. If so, this could set a limit to the

o)

optimum scale for plants and firms Given a changing environment,
and evolving firms, as scale increases, the costs of coordinating and
organising production may rise more than proportionately. The
effectiveness of management may decline as the chain of management is
extended because of delays in taking decisions brought about by the
length of the management chain and/or the tendency for those ultimately
taking decisions to get out of touch with events affecting the
decisions. Scale may also affect the motivation of managers. Whether
or not the management and ownership of a large firm are separated, the
determination to maximise profits at the expense of other objectives may
decline as scale is increased. Within a large organisation it may be
difficult to focus financial incentives as accurately as in a small
concern. In some cases the management of large firms may be able to
shelter behind the technical economies of scale achieved by their firms.
Small firms may face the choice between economising and achieving a
higher level of efficiency, or being forced out of business and this may
spur the managers to achieve relatively greater efficiency and to avoid

(2)

mistakes .

(1) If the effectiveness of management falls as scale is increased, the
costs of production are increased, but not necessarily the cost of
management itself.

(2) Small firms may operate nearer to the bounds of their production
possibility surface (p.p.s.). For a discussion of X-efficiency
(the degree to which firms operate within the bounds of their
P.p.s.) see Harvey Leibenstein, Am. Econ. Rv. LVI (June, 1966) and
Q. Jnl of Econ. (Nov. 1969).
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On the other hand a 1arge firm can employ more management
specialists, and increasing scale may result in a less than
proportionate demand for decision taking and management expertise. For
éxample the problems of managing some types of large plant may not
increase proportionately because of the economies of scale for direct

labour costs.

(c) Labour relations

As scale is increased people may simply work less well, The
possibility that the performance of employees declines with scale could
apply to more than one dimension of scale., As the length of production
runs increases this may result in specialized and/or repetitive work, as
the size of factories is increased it may be difficult to retain a
"family spirit', and similarly in a large firm labour relations may be
inherently worse. The larger the factory or firﬁ the greater the
hierarchical chain must be - employees tend to be further away from the
'boss', and he is less likely to understand them. Also it may be easier
for the employees of a large-firm, or at a large factory, to oppose the
management and to organise restrictive practices. This could be because
the management of a small firm can spot sooner, and remove, employees
who might create diversions, or because in a large organisation it is
easier to whip up feelings in the same way that it is easier to whip up
mass hysteria at a football match watched by a great many spectators,
compared to a match watched by very few spectators, or simply because a
large organisation breeds more dissatisfaction.

In order to minimise the problems of managing large organisations

and of labour relations, companies have adopted strategies of focussing
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their activities, of selling off peripheral lines of business, and of
delegating responsibility to the managers of separate subsidiary

companies and profit centres.

(d) Selling and distribution

Selling and distribution costs are possible sources of increased
costs at higher scales of output. For example, if, as the scale of a
plant is increased, the geographic spread of markets, and so the average
length of haul, is increased, the average unit costs of transport will
rise. If the additional sales are obtained from a new, less
concentrated, market, the costs per unit of representation may be
increased. On the other hand if the additional sales are made to
existing customers and the size of consignments are increased, both
selling and delivery costs per unit may be reduced. Whether there are
increased unit costs at higher scales of output depends on which

marketing dimensions of scale are increased.

Technical Progress

The inter-relationships between economies of scale and technical
progress are important.

a) Development and other initial costs may, or may not, involve
technical progress. Spreading these costs over the output to which they
relate is often an important source of reductions in unit costs with
increases in scale. In practice, it is not always possible to
distinguish development costs which produce, or require, new knowledge

or techniques and those which do not.
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b) As noted above learning effects may include the invention and
introduction of new techniques - technical progress.

c) In order to build plants with larger capacity than at present
operated, it may be necessary to invent and use new techniques., It may
not be technically possible to simply increase the dimensions of a plant
or machine.

d) Firms have to adapt to changes in the techniques of production
through time, and it is sometimes claimed that large firms have
advantages in achieving and introducing technical progress.

Many but not all of the 'engineering' estimates of scale effects
given in Section 5 of the paper include the effects of spreading
development and other initial costs for products over varying outputs of
the products, and the effects of learning for production runs of varying
length. Some of the estimates therefore include an element of technical
progress. The advantage of including development costs in analyses of
the economies of scale is that it makes them more realistic., Firms in
many industries have to develop a stream of new and improved products to
remain competitive and development costs are a substantial proportion of
total costs for many firms. But problems are introduced when
development expenditure is included. The costs of developing many new
products depends in part on the expected demand for the product, and a
firm's expenditure on developing new products depends upon the
development strategies adopted by 1its competitors. In an oligopolistic
market if one firm introduces new products, its competitors may follow

this lead and introduce similar new products.
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The Economies of Rapid Growth

The concept of economies of scale for cement plants which was used
earlier as an example is static, it measures differences in unit costs
for positions along the dimension of scale measuring the sizes of
plants; The estimates of costs and economies of scale are for plants
built at one point in time or more realistically are estimates made for
hypothetical plants for which blueprints are designed at one point in
time. The important point is that the plants are designed to minimise
costs for their scales of production and are based on the set of
techniques of production known at one point in time. Otherwise unit
costs for the plants would differ because of changes in technical
knowledge through time as well as scale differences. When movements
along some dimensions of scale, such as the cumulative output of
products, are considered, the estimates of economies of scale can not
relate to one point in time, though they can be based on a constant set
of techniques.

A related concept is the economies related to rapid growth. In
practice there are a number of forces (apart from the utilization of
spare capacity) which may enable a firm which increases its output
rapidly to achieve lower costs than a firm which expands less rapidly.

(1) There may be disequilibrium between the capacity for different
operations ~ existing resources may not be in perfect balance -~ and by
bottle-neck breaking it may be possible to achieve some increase in
overall capacity without a proportionate increase in costs. The
disequilibrium may occur because of indivisibilities, errors when the
original plant was built or extended, the original plant was designed

with the expectation that it would be expanded later, differential rates
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of learning or technical progress for different operations, the freeing
of resources, particularly management resources, engaged in previous
expansion, etc. The rate of growth of output will determine the extent
to which a firm takes up these economies in a given period.

(2) There may be scope for taking advantage of the economies of
scale, by, for example, spreading first copy costs for a periodical over
a larger circulation, by building larger units of plant, and by
extending existing plants. The rate of growth is a factor determining
the total output of products through time, and hence the extent to which
the economies for spreading initial costs are achieved. It is also an
important influence on the size of new plants and extensions to existing
plants.

(3) New techniques which were not available, or were not used,
when existing plants were built may be incorporated in new capacity:
growth may enable a firm to take advantage of technical progress. The
rate of growth of a firm may affect, or depend upon, technical progress.
For example, a firm which is expanding rapidly may have more incentive
to invest in developing new techniques of production which it can
incorporate in its new capacity.

The following are the main sources of increaséd unit costs and
diseconomies of rapid growth.

(1) Existing capacity will have been built when price levels were
lower, and, other things being equal, in book value terms, but not in
real terms, capital costs will be lower than for new plants. Also, in
practice, much of the capital equipment employed in old plants will have
been written off against previous profits and capital costs may be
low. The rate of growth will determine the proportion of "high cost'

new plant operated by a firm.



-35_

2.23

(2) The costs per unit of some factors may increase if scale is
increased. Examples of limitations on the supply of factors were given
above.

(3) Growth may result in firms reaching levels of output where
technical diseconomies of scale operate.

(4) Marketing and distribution costs per unit of output may have
to be increased to dispose of a larger output.

(5) Rapid growth may influence the costs and effectiveness of
management and labour relations favourably or otherwise. For example
rapid rates of growth may enable a firm to maintain a balanced, or
younger labour force, alternatively it may result in a dilution of a

skilled and loyal labour force.

Avoiding the Disadvantages of Small Scale

It is possible to avoid some of the disadvantages of operating on a
small scale. For example, a firm may buy out production operations or
components for which there are large scale economies from domestic
suppliers or suppliers in other countries. 1If these suppliers produce
on a large scale or have low costs for other reasons, such as lower
wages in other countries, then the firm may be able to buy at prices
which are competitive with the costs of larger scale rivals.

The scope for avoiding the disadvantages of small scale apply
particularly to research, development, marketing and distribution. Small
firms may adopt strategies which enable them to compete. One marketing
strategy is to produce for niche markets requiring distinct products for
which there are few potential economies of scope for production if they
were made with other products. Similarly a small firm may avoid a

marketing and distribution handicap by adopting a strategy of selling
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own-label products to a supermarket or chain store groups which market
and distribute the products. Similarly there may be scope for a firm
with smaller output than its rivals to concentrate on products which do
not require research and development expenditure, or to buy in research

and development from a firm operating in another country.

Efficiency

This discussion of the sources of economies and diseconomies of
scale and growth would be incomplete without a brief reference to the
other forces affecting the success of a business. Most important is the
ability of management to ensure efficient operation and to move with the
times. More specifically in many industries the ability of management
to control the quality of products and rejection rates, to organise
production efficiently within the limits set by the size of plant and
firm, to develop and introduce new or improved products, to search for
profitable investment opportunities, to maintain a high level of
capacity utilisation, etc. are very important to the success of a
business. Firms which are so large that they control their markets may
use their monopoly position to go peacefully to sleep, and efficient
firms of less than optimum size may be absolutely moré efficient than

sleepy firms of a technically optimum size.
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Section 3. Methods of Estimating Economies of Scale

Comparisons of costs

If experiments could be conducted to measure economic variables
then to measure the economies of scale for plants in an industry, plants
of varying size would be constructed and operated. Each plant would be
built to incorporate the most efficient techniques for its scale of
production. Unit costs of production for each plant would be measured
and the economies of scale estimated by comparing unit costs for the
plants.

It is, of course, impractical to build plants merely to measure the
economies of scale. One alternative is to obtain costs of production
for existing plants which operate at varying scales of output. Apart
from the difficulties of obtaining such data, the main qualificatiomns to
this approach are that the data usually relate to plants built at
different points in time. The plant and equipment is of varying
vintages and the latest plant and equipment may incorporate knowledge
which was not available when the earlier units were built. Also the
plants may not be fully adapted to the scale of production at which they
operate. Inevitably cost data for actual plants relate to operations in
existence and cannot provide estimates for scales of production outside
that range. For some industries cost data for a great many actual
plants is available and have been analysed to isolate each of the
factors influencing costs and to estimate the economies of scale.
Electricity generation is the industry most fully researched for this
purpose.

Another source of information about economies of scale is the costs

of expanding the capacity of plants. Certainly experience of expanding
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capacity provides insights to the economies of scale, but straight
comparisons of costs pre- and post—expansion do not give estimates of
scale economies. These comparisons are affected by the extent to which
existing plant was written down, technical progress, the extent to which
the original and new capacity plant were adapted to their scales of

production, as well as economies of scale.

Census data

Censuses of Production contain data on costs for large numbers of
plants and firms. The clear advantages of these data are that they
cover a great many establishments, again they are actual costs, and they
are collected on a standardised basis.

The main limitations on estimating the economies of scale from
Census data are that the definition of most Census 'trades' includes the
production of a range of products for which economies of scale, market
size and growth vary, and affect the size of establishments. For
example, one U.K. Census trade includes the production of components for
vehicles such as seat belts as well as engines and the assembly of cars,
commercial vehicles, buses and battery driven vehicles. Some components
for cars can be manufactured very efficiently in a factory of very small
absolute size, but for the assembly of standard cars substantial
economies of scale extend to an output of at least a quarter of a
million cars a year on one site. Similarly production of most
agricultural equipment is lumped together in one Census 'trade', and
there are wide differences in the complexity and hence economies of
scale for different types of agricultural equipment. These trades are

not exceptional. The Index to the Standard Industrial Classification(l)

(1) HMSO 1981.
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lists many products and processes for each three digit SIC heading. The
number of products shown for each of 104 three digit headings was summed
and the headings reordered in terms of the number of products and
processes listed against them. For the median heading, the number of
products and processes distinguished was 38, for the lower quartile 22,
and for the upper quartile 75.

Comparisons of Census data for establishments of varying size does
not provide unqualified estimates of the economies of scale because
plants of different sizes make different products. Another limitation
on Census data is that they can be used to derive estimates of the
economies of scale for only one or possibly two dimensions of scale -

the size of establishments and possibly the size of firms.

Time series data

Another source of cost data for estimating the economies of scale
is time series data of costs and prices for products, plants, firms or
industries. These data can be related to volumes of output, to trace
the reduction in unit costs through time, as output increases. The
principal and important qualification to this method is to distinguish
the effects of those improvements in technology and efficiency which
occur through time and which are independent of scale from the effects
of increasing scale. Improvements in technology may involve the
introduction of more efficient techniques which were not used.previously
or the introduction of newly developed methods of production. It is
technically very difficult to isolate the effects of technical change

and increases in scale.
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Engineering Estimates

Another approach to estimating the economies of scale is to
assemble estimates from managers, engineers, economists and accountants
of the cost of operating at different scales of production, where full
adaptation to the scale of production is allowed for. This is the
method on which most reliance is placed in this paper and so this method
is described in more detail.

In order to make engineering estimates the methods of production
have to be broken down into individual processes and operations, and the
technical basis for economies of scale has to be investigated. Usually
it is not possible to describe processes in terms of engineering
production functions which are based on scientific laws or experimental
data, and so the estimates of the economies of scale for machines,
process units, and operations, are based on engineers', cost
accountants' and managers' estimates of costs. Their estimates are
based on operating experience for plants of varying size, the experience
of planning and building new plants and expanding plant capacity and
general experience of their industry. Estimates of the components of
costs, capital and operating costs for individual items of equipment of
varying size, costs for processes andfor for groups of processes,
development, first copy or initial costs for products, etc. are
assembled for each industry, and are used to estimate the relationships
between unit costs and the various dimensions of scale. The reliability
of the estimates depends upon the experience of those making the
estimates. Managers familiar with the construction and operation of
giant steel works in Japan or cigarette factories in the USA are in a

strong position to make estimates for those sizes of plant.



..41...

2.29

The weakness of 'engineering' estimates of the type described are
that they are subject to a margin of error and that they lack rigour.
Their accuracy is particularly suspect when dealing with some of the
non-technical forces determining the effects of scale, for example, when
estimating the relationship between size and the quality and
effectiveness of management, and the effect of scale on the development
of new techniques and products.

The main advantage of the engineering approach is that it is
possible to hold other conditions, such as the state of the arts, the
quality of factors of production, their relative prices, and some
dimensions of scale, constant when making estimates of the economies of

(1)

scale. In spite of the limitations of the engineering approach it
has been used in this paper because it is the most satisfactory method
of making estimates of the economies of scale.

The best of the 'engineering' estimates are based on technical
relationships and detailed costings. Such estimates are related to the
production of specific ranges of products. The main qualifications to
these 'engineering' estimates are that they are estimates for
hypothetical operations. In practice, cosfs may vary from expected
levels and such variances could be related to scale. Where
'engineering' estimates extend beyond scales for which experience has
been obtained, unforeseen technical and management problems could

invalidate the estimates. Transport costs and market constraints are

usually excluded from engineering estimates. Transport costs can be

(1) Plainly the quality of factors of production does vary. For
example, the number and quality of apprentice trained craftsmen is
greater in Germany than the UK and this difference contributes to
differences in labour productivity and the performance of firms in
the two countries. But it is separate from the economies of scale.
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included, but they have to be related to an actual or hypothetical

distribution of markets.

The Survivor Technique

The qualifications to estimates of the economies of scale based on

costs have been described. Stigler suggested a method of avoiding these

(1)

difficulties . The survivor technique is based on the reasonable

assumption that if there is a most efficient scale of production for an
industry then plants'of that scale of production will gain an increasing
share of an industry's output. A number of attempts have been made to
apply the survivor technique to census data. If at successive censuses
a size class of establishments gains an increasing share of a trade's
output, it is claimed that size range is the optimum scale for the
trade. The advantage of the technique is that the effects of all the
forces which determine the success of a business are tested. These
forces include the effectiveness of management and the ability of a
business to adapt to changes in technology and the state of business.

Again the principal problem involved in applying the survivor
technique to data for census trades is that each trade covers a wide
range of activities for which the optimum scale and the state of

business varies.

(1) C.J. Stigler, "Economies of Scale', Jnl. of Law and Economics,
1958.
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Sources of Estimates

Table 3.1 lists some of the principal sources of estimates of the
economies of scale for a range of manufacturing industries(l). Table

3.2 summarises the advantages and disadvantages of the methods of

measuring the economies of scale,

Conclusions

There are qualifications to all the methods of estimating the
MES and the economies of scale. In practice the only sources of
estimates of scale gradients for many industries available for use in
this paper were engineering estimates and estimates based on census
data. In this paper we concentrate on the engineering estimates.
Estimates of the MES and scale gradients based on census data were not
used as a principal source of estimates. The main reason for this
decision was the author's view that the main dimension of scale to which
economies of scale relate is the output of products and closely related
products at plants and by firms. Censuses provide no indicators of

(2)

costs relative to the output of products. Engineering estimates are

described in Section 5. Estimates made by other methods are included in
section 7 where other evidence of the economies of scale is reviewed to

assess whether it confirms or conflicts with the engineering estimates.

(1) Studies of economies of scale for a single industry and for
industries apart from manufacturing industries have been excluded
from Table 3.1.

(2) There is no justification for assuming that the number of products
made at each establishment in a trade is fixed and that the output
or size of each establishment indicates the scale of output of the
products made there.
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Section 4. Characteristics of Industries and the Economies of Scale

Most businessmen claim that their industry is different from
others. There is some justification for these claims, nevertheless
industries can be grouped according to various characteristics. 1In this
section some characteristics of industries and their relationships to

the economies of scale are considered.

PRODUCTION CHARACTERISTICS

Costs of developing products

Drugs, aircraft and cars are products which involve considerable
expenditure for development and testing. Spreading these costs over the
output of products to which they relate provides significant economies
of scale.

Paradoxically completely new types products also provide
opportunities for small and new firms. Where the market for a radically .
new product is small initially and the costs of development are limited,

small firms may be able to grow with the market for the product.

Complexity of products

Aircraft, cars and lorries are products for which there are large
economies of scale. One explanation is the complexity of these
products, they are made up of many distinct parts. Also many of the
parts have to be made very accurately. Complexity affects design,
development and production costs.

Similarly where a series of complex manufacturing operations are
required to produce products as in oil refining, there will tend to be

large economies of scale, Where production processes are simple as for



_48—

2.36

the production of many items of food, the economies of scale for

production are smaller.

Standardised products

Industries producing standardised products such as cement tend to
be organised in large units. Standard products facilitate large scale
production. Although computer control of stocks and production aids
manufacture of a variety of products, the scope for economies for joint
production depends upon the degree of variation between products.
Industries such as paint and footwear which produce a very wide range of
products in terms of colours, sizes, fashions, quality and price provide
opportunities for small firms and establishments.

An interesting contrast is between the motor and computer
industries. The latter provides greater opportunities for small and new
firms to enter. The rapid evolution of computer technology has enabled
firms to set up and grow with new segments of the market. Another
explanation is that a higher proportion of the costs of a car relate to
the components which do not vary for special uses or to provide product
variety. For many computer systems much of the software and some of the
hardware relate to special applications. Much of éhe hardware can be

bought off the shelf.

Units produced

Production of a very large number of units of a product is
associated with less significant economies of scale. The tobacco
industry produces billions of cigarettes and the scale curve for tobacco

factories of the size in existence is shallow.
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Size of products

Bulky products such as large ships and process plant have to be
built on a one off basis and this limits the scope for scale economies,
though there are economies for producing a series of a type of ship or
design of process plant through spreading the costs of design and

learning from experience.

Processes of production

Some processes are generally associated with large scale economies
of scale in relation to the output of products, and others do not lend

themselves to large scale operation.

a) Processes associated with large economies of scale for the output of
products:
1. Continuous process operations as in oil refining.
2. Rolling operations as in the metal manufacturing, pulp, paper
and printing industries.
3. Stamping and forging.
4, Machining metal.

5. Processing in vessels as in the paint and dyes industries.

b) Processes associated with smaller economies of scale:
1. Casting and moulding(l)
2. Extrusion

3. Spinning

(1) Spreading the costs of moulds over large outputs of a product is a
significant source of economies for some applications.
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4, Weaving
5. Sewing
6. Assembly
MARKETS

Markets are segmented by the costs of transport which increase with
the distance of deliveries, tariffs, legal and language differences, and
differences of taste. One approach to estimating the economies of scale
is to ignore selling, marketing and distribution costs and focus on the
costs of production. This procedure is deceptive because there are
economies of scale for marketing and distribution related to a firm's
share of a market., For example, advertising by a firm with many
customers in an area will result in many messages per advert getting to
customers, and unit delivery costs will be less for a firm with large
sales in an area, compared with a firm with fewer more scattered sales.
An alternative approach is to relate the costs of selling and
distribution to an actual or hypothetical pattern of markets and
channels of distribution, and estimate the costs of marketing and
distribution for firms with different shares of a market.

Distribution costs are important for explaining the actual size of
plants in many industries. Other things being equal, the larger the
output of a plant the greater will be unit delivery costs. Higher
delivery costs may offset the lower costs for large plants compared to
costs for a series of plants sited to minimise transport costs. Even
for industries in which modern methods of bulk transport have reduced
delivery costs, it may not be economic to close existing small plants
which serve local markets, and concentrate production. The capital

costs of plant and equipment for the small plants will have been written
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down and the plant may have a low second hand value. The reduction in
the costs of production may be more than offset by the increased costs

of transport.

The Size of National Markets

In smaller countries, such as Norway and New Zealand, the average
size plants is smaller than in the large industrial countries. One
explanation is, of course, transport coéts and tariffs, but there are
more complex reasons for the differences. After barriers to trade are
reduced, there will be a legacy of small production units which will
persist for many years. Often new small plants would not be set up
where existing small plants can compete because the costs of developing
products have been incurred and much of their capital equipment has been
written off. Easy access and close proximity to a large market provides
firms with advantages for developing products and marketing. Firms in
relatively small countries may circumvent their small domestic market by
exporting, and protecting their position in foreign markets by
investment, They may also tend to specialise in producing intermediate
goods for sale to other firms to avoid a marketing disadvantage, and
make and export goods for which the economies of scale are modest to
avoid being at a disadvantage for production costs. Such specialisation
can be self-reinforcing. Managers and other employees in smaller
countries are experienced and efficient at operating smaller scale

units.
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Section 5. A Survey of Engineering Estimates of the Economies of Scale

Introduction

Engineering estimates of the economies of scale are based on
estimates of the unit costs of operating at different scales of
production. In brief the assumptions made when estimating unit costs
and the relationship between scale and costs are:

1. The estimates are for hypothetical production rums, plants and
firms where the production facilities, manning etc., are adapted to the
scale of output so as to minimise costs at that scale.

2. Relative prices of factors of production are those ruling in
the countries for which the estimates were made, generally the USA or
European countries.

3. The technologies available are those used in the developed
industrial countries.

4, The degree of vertical integration is fixed.

There are problems involved in presenting a summary of engineering
estimates of the economies of scale. There is a great deal of
information to be summarised, the information is not comprehensive,
either for all trades, or for all the dimensions pf scale for the trades
for which information is available, and the assumptions and definitions
used by authors who have made the engineering estimates of the economies
of scale are not identical.

Table 5.1 summaries the relatively thorough estimates of the
economies of scale. The next step was to extend the estimates to some
trades for which engineering estimates were not available. This
exercise is reported in Table 5.2. 1In table 5.3 the information

available is used to draw conclusions about the economies of scale for
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industry groups. Tables 5.4 to 5.8 summarise the quantitative estimates

of the economies of scale for the main dimensions of scale.

Introduction to Table 5.1

Table 5.1 lists 'engineering' estimates of the economies of scale
in NACE3 order. Only the salient sources and figures are given in this
survey. For those industries for which a number of studies have been
made only the more recent studies are included. The first four columns
of Table 5.1 list the NACE3 references, the industries, the sources of
the estimates of the economies of scale and the countries from which
information was collected to make the estimates. The next two columns
summarise the quantitative estimates. The fifth column lists the
estimates of the minimum efficient scale (MES) which is defined below.
This column gives the dimensions of scale to which quantitative
estimates of the MES relate, and the MES scale for each of the
dimensions of scale listed. The sixth column gives the increase in unit
costs below the MES scale, usually this is given in terms of the
increase in unit costs at a half or, one third of the MES scale. The
seventh column lists the main dimensions of scale to which economies
relate and indicates the extent of the economies. This column includes
dimensions of scale for which no quantitative estimates of the MES are

available.

Definition of the MES

The information for Table 5.1 is drawn from a number of sources and
the definitions used by authors of the sources were not uniform. One

problem is the definition of the MES. In practice most engineering
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Glossary of Terms used in Table 5.1

MES - Minimum efficient scale. This term was defined on page 2. In

Table 5.1 the definition used by the authors of the studies surveyed
varies. The definitions used for the main sources are reported on page

35 and 50,

Dimensions of scale. These were described on page 3.

Plants, works, factories. The term establishment is used for censuses

of production, It refers to the operations of a firm at a single site.
In practice different terms are used for such operations. In the steel
industry the terms steel plant or steel works are used, works is the

term used in the cement industry and for footwear the term is factory.

Firms, companies. The term enterprise is used for censuses of

production for firms operating one or more establishments in a trade.

For Table 5.1 the terms firms and companies are used for this purpose.
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estimates of unit costs do not identify a scale at which costs are at a
minimuﬁ. The two main sources of information for Table 5.1 are the
studies made by Pratten (1971) and by Scherer (1975). The latter study
has spawned derivatives including Owen's and Muller and Owen's studies.
Pratten used the following definition of the MES: 'the minimum scale
above which any possible doubling in scale would reduce total unit costs
by less than five percent and above which any possible subsequent
doubling in scale would reduce value added per unit by less than ten per
cent'. Also the MES was limited to 'the feasible range of output in ...
the UK'. Scherer's definition involved two sets of conditions. 'Where
there was considerable experience with plants believed to realize all
known scale economies, we have defined the MOS as the smallest scale at
which unit costs in 1965 ~ vintage plants attained a perceived minimum
or at least came so close that remaining unexploited scale economies
were viewed as insignificantly slight, When little or no experience in
the highest-volume and still declining reaches of the long-run cost
function existed we defined the MOS as the size of "best current
practice" plants in operation during 1965'.

Another definition of the MES for plants and firms lurks in many
studies of the economies of scale. Most industries produce a range of
products and the market for these products varies. Often the market for
some products is small. For multi product industries the MES is
sometimes defined as the scale of plant or firm which can make and sell
any combination of products and be competitive in terms of costs for
those products with larger firms in the industry. This is the
definition used in table 5.1 for pottery, machine tools, the knitting
industry, general rubber goods and plastics. For some combinations of
products the MES could, of course, be much higher than the MES specified

for these industries.
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The Country of Origin of the Estimates

Column 4 of Table 5.1 reports the country of origin of the
estimates. It is sometimes suggested that the size of a country may
influence the economies of scale or estimates of the economies of scale.
Certainly firms operating in countries with small markets on average
have smaller plants. Also, as noted on page 23, firms operating in a
country with a small market could be relatively efficient at operating
small plants. It may be difficult for managers of these firms to assess
costs for large scale operations outside their own operating experience,
and this could inject a downward bias on estimates of the economies of
scale made in small countries. Pratten's estimates of the MES scale and
scale gradients were obtained from managers of firms operating in the
UK. Some, but not all of these managers knew about production
facilities in the larger US market. Those whose experience and
knowledge were limited to the UK market may héve given lower estimates
of the MES scale than managers of US firms would have estimated.

Scherer's (1975) study is the most helpful for assessing the
significance of the countries for which estimates of the MES and
the economies of scale were made because he studied firms in different
countries., If the country of origin had a systematic influence on
estimates of the economies of scale, Scherer could be expected to
identify this bias. Scherer's sample of six countries ranged in size
from Sweden to the USA. He concluded that 'we found little divergence
among the views of producers in the six nations with respect to basic
process optima, nor did perceived limits on the size of plants which

could be managed successfully vary much between nations for a given
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product nix'.})  "Much more variance was encountered in estimates of
the amount by which unit costs rose for plants built with only one-third
of the MOS capacity. These deviations were evidently attributable at
least in part to systematic internationmal differences in factor costs
and especially wages'. 1In terms of factor costs, Scherer's sample
stretched from India to the USA. Most of the estimates surveyed in
Table 5.1 were obtained in the USA or Europe. Factor prices in Europe
and the USA are closer than they were in 1965 when Scherer made his
study.

Engineering estimates generally relate to new plants, factories or
production facilities set up at the time the estimates are made.
Differences in relative factor prices are an important influence on
whether firms Install new plant, technology and methods, or soldier omn
with the existing production facilities. Countries where wages are
relatively low have an incentive to retain in use small old plants which
may operate efficiently at lower scales than new plant,.

Size of country is not the only factor which could cause
differences in estimates of economies of scale between countries. For
example, Germany has special rules for brewing beer. Such rules could
affect the MES scale of production. However, such differences of rules
for production are unusual and their effects on estimates of the MES are

not important.

(1) F.M. Scherer et al. 'The Economies of Multi-plant Operation’',
Cambridge, Mass. 1975, p. 8l.
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Costs

Most engineering estimates concentrate on production costs. Scherer
specifically limited his estimates of the MOS to production costs. The
reason for excluding selling and distribution costs is that they vary
depending on the characteristics of the market assumed. WNor, in
practice, can engineering estimates allow for differences in the
effectiveness of management attributable to scale.

Jurgen Muller et al. (1985) go further and exclude development

costs from their estimates of MES and scale gradients.

Overview of Table 5.1

There are several features of Table 5.1 which are noteworthy.
Firstly, the industries for which engineering estimates of economies of
scale have been made are spread right across manufacturing industry.
Secondly substantial economies of scale relate to the output of products
and production runs. In many trades these dimensions of scale are more
important than the size of plants and firms. Thirdly, the extent of
economies of scale vary across industries and for different products

made in many industries.

Extending the Coverage of Estimates of the Estimates of the Economies of

Table 5.2 relates trades for which no estimates of the economies of
scale are available to trades for which such estimates are to hand. The
purpose of the table is to extend, in a rough and ready way, the number
of trades for which estimates of the economies of scale are available

for statistical exercises. The basis for making the allocation is the
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complexity of the products and the manufacturing processes used. WNo
attempt was made to classify chemical, food, textile, clothing or
footwear trades in this table. In very broad terms, trades in these
groups are adequately represented by the observations included in Table
5.1.

The next stage of the analysis was to relate the estimates of
economies of scale to the complete NACE3 classification in Table 5.3(a)
and to assess the economies of scale for each industry group or branch.
The number of employees engaged in each trade in ECI0 is shown in column
3 of the table to indicate the relative importance of each trade. Some
additional observations and references to statements about the economies

(1)

of scale are added. The observations are based on the author's
knowledge of the industries obtained during visits to firms.

In the final column of Table 5.3(a) a summing up on the economies
of scale for each industry group is attempted. This survey concentrates
on the economies of scale for production and the spreading of
development costs. For the most part economies of scale for marketing
distribution and acquiring finance are ignored.

An ordering of industry groups in terms of the importance of
economies of scale is attempted in Table 5.3(b). Thisvclassification is
qualitative, but it takes into account two indicators - the MES as a
percentage of the output of industries and the cost gradient below the
MES scale. An attempt is also made in this table to indicate the

principal dimension of scale to which economies relate in each industry.

For two industries two dimensions are ticked because in the case of

(1) Studies which include quantitative estimates are included in Table
5.1; the additional reference in Table 5.3 are qualitative.



*suni uogp3onpoiad pue sionpoad jo andano

243l 031 23B1a1 OSIE SITWOUOI?d 3[ed§ °*sassoaooad
1o13onpoad 10j a1ed8 JO sojuwouodd a8ae] A[]BIaUD
S97131snpul 1eIsn

2.62

sdno1g £13snpu] 103 21e05 JO S9TWOUODY BYL

_74_

1°G 9149el 39S :sainjdejnusu jwas
‘wnjutuniy

1°'6 a1qel 99s :3uT139U SITM

saqny jo sadLy Kuewm BFupjeuw
u1l pesn sassadoad uorjonpoid
24yl 10J a[eds 3O SaTwWouods adie]

1°S 91qe], 38§

uolINqIilIsIp pue
suoyaIels 3ujleiauad 103 a1eIS JO SITWOUODF

d 8 ¥ ® sessadoad
uo13Idnpoid 103 21eds JO SITWOUOII 31w

1°6 21qel 29§

SY

PUE 5| FLao4bwm vurp oy 3w wozo- -

uotioeiixa ead
:sTeaautw Buyonpoad-L310ua pur snolayIl

$aTWOUODY I[¥IS UO SIUWMO)H

S8 -1e3a3u ueyl J9Yl0 STBIBUTW JO UOTIDRIIXY

s1elaul SNOIIF-uou

807 jo 3utrssadoiad Lieutwiisad pue uopionpoig

19938

101 30 3uipioy piod pue Juiflox prod ‘Burimeiq

201 saqny 1333s JO ainjdejnuel

65S Suaa0 2300 pajeidajur 3uipnioxd ‘(Lieaal

0dSd 3y3l uy paulap se) £11snpul 993§ pue uoil

786 siejen jo Buissedsoad Lieutwiiaad pue uorionpoid

salio

[B38W sSnoiiaj-uou jo uoijeiedaad pue uofioeaaxy

210 uoay jo uorjeiedaid pue uojideilxy

sa10 snoisajjrrersu jo uoyieiedaad pue uorioelraxy

1231BM JO UOTINGTIAISTP

pue uoliedrytand ‘uoy3oairoo (Arddns aaszep

sjuetd Burieay 197131SIp ‘ate passaadwod €iaiem

104y ‘weajs 3O uOTINQTIISTP PuB uoIIonNpoid

uoTINgIAsEp seld ¢siyiomsen

aamod

971319319 JO UOTINQGTIISIP PUEB UOTIRIDUIY

123eM 04 pue wmeals ‘seld

¢£375713199192 JO UOTIINGTIIASIP pUR UOTIONPOI

L13snpuy syanjy Iea1onN

SUFUTIal 110 TeISUTR

se8 1eanjeu pue wmnajoijad Jo uofIoerIXy

SU3A0 0D

s1anj prios jo 3ujirisnbjiq pue uoyioealxy
(spuesnoyl)
0103 ug
seoko1duy

3o 1aquny Gotad1aosad

€T

YTt

| YA

e

1z¢

(x4

[2%4
T1e
TZ

L1

€91

91

191

91

ST
71
€1
(48
1T

*ON

AOVN

'8dnoig K13snpu]l 10J I[e0S JO sSajmwouody (B)E°S 214qel



_75_

*S2IUOU0DI
21eds 981B] JO 321INn0s B ST 0 ® Y Ssju=uBas
juejxodut amos 10§ -uoxilonpoiad yosieq o3

osTe 3Ing sassadoad uorionpoid snonurjuod 03
L1aeinoriaed satydde s1yi ¢sassasoad uorizonpoad
103 2182s JO SaTwWOU0dd 3Jie] AJJeIdusy

K33snpul 1edjway)

2.63

*$350
1aodsuexy Laeay L[aarieiax Aq p3jTwyl ST spoos
98ay) uj apela] °suni uoyionpoid pue sjonpoad
yo sindino 231e] 103 SOTWOUOID IIe JIY]
*3ndano £L13snpuy 03 uOFIETAX U II[lEWS YOnm
A11e10ua8 a1e sjueld SIW sapeal 19yjzo 104
*gassanoad uorjonpoid 103 I[eIS JO SITWOUOID
231e] a1e aaaYyj SsSe[3 IB[J pue JUWID I0g
819Npo1J [BIBUTH OT[[EIoU-UON

sdnoi1y L11snpuy 103 a91€2S O SojWOUOIT OYL

mmuusvoua A1eTT1IXne pue ¢-239
‘1oded ‘ojerd ‘wiry ostuydeidoioyd paziafsuss)
1e1a93en eofweyd oiydeidojoyd jo aanioeynuel

asn 991330 pue proyasnoy 103 L[ISTYd
86 ¢sjonpoad Teotwayds 19Yylo O aInidejnuel

suotrieaedazd 387703 pue auwnjiad

1°G 31qeL 298 LST ¢s3jua8aalap orioyzuls ‘deos Jo ainjyoseynuey
1°G 21Qe], 39S €0€ s3onpoad yeostinadewreyd jo sanioeinuel
sosodand

Teanjnotade pue [eya3Isnpul Ioj Afured

1°'S @21qel 39§ ‘syonpoid 1eOTWSYD 13Yylo JO inidejnuey

jui Sujiurad pue ystuiea
1°G 91qel 23S 191 ¢s3ur3313 s,193ured ‘jured jo ainjyoeynuey

s3onpoad yosns jo Juyssasoad
1ay3any £q pamoi1oj 3iInidejnuBul pue

1°S 21QeL 29§ 1.9 STEDTWAYD [eII1SNpUl dISeq JO dInjidejnuey
L0s1 A13snput 1edTWIY)
1°S 91qe], @95 L0 Spoo3 DIWeIdd JO IINIIBINUEY

*sse[d ijer3y jo uorionpoad 3yj 1oz
a1eds JOo sajwouodd adae] °*sseld Ield

1°G 21QeL 995 :83[310Q 8SeIH 6027 aaemsse(d pue ssel3 Jo ainideynuey
s3onpoxd

L1 aAlselqe I9y3lo pue sSauojspulaid Jo uof3IONpPoid

s3onpoad

L9 ielautm OFTIEI2W-UOU JO pue 3UO03}S FO JUTHIOM

(1usuad-50353qSe 3O SITOTIIB
61 31daoxa) soisaqse Jo s2[9]3ie JO 3INJdBINUBK

23910U02 paxIu-£peal JO IANIIBFNUBK

s3onpoad Suiaom s3jonpoad 3jusuad-sS01sSaqSE JO Aanjydejnuel
103 831809 3jaodsuexl Laeay pue
3I8OS JO SITWOUOID PAaITWI] A[[eI3U3Y sagodind jruolildonNIjsuod 103 sionpoad
1°G a1qel @2§ :pieoqiaiseld 607 a93se1d 10 juswed ¢339105U0d JO ainjdejnuey
1°G 21qel 298 :3uawW3) 8L 193se1d pue asujl ‘3uswEd Jo vinidejnuel
sasodand
1*G 9iqel 3ag :syd7ag 8L 1eU0TIoNI3SUOD 103 83onpoad LeTd Jo aanideynuey
9.8 s3onpoid Teisufu SFI{EI2W-UOU JO 3INIoBInNUEH
oYy sajeydsoyd jranjeu pue 31es wnyssejod jo Bujuil
(spuesnoyy

01033 ut

‘seakorduly
83TWOUODY IS[BOS UO S3UWWOYD 30 xaqunyN uo13d11983q

1°652

s¢

i~
e
ol

96z

567

ST
84T

A YA

9T

S%¢

e
9°eE%t
1°e%e

1% 14

e

19c
k(4
[AYA

*ON
JOVN



_76_

2.64

*sapell 9say3l ul
quejaoduy £13A 20103 anoqel paduatiadxs pue

Pa11Is ® Jo A3T1TqQelieae oyl °suni uorilonpoad

Buol 103 sS9TWwouodad pue saujyoew jo sadkl
pue sulysap ‘syepom jo sindino o3 Bupieraix
Sa1WoU0da 9311 21 219yl INQ PIITWI] SWIATJ
pue satiojldej a81e] 103 II8OS JO SITWOUOIY
Butrissuiduly [eOTUBYIBY

‘suni
uotaonpoad 8uol pue sionpoad 3o sandano a8aet

20J SaTWOU0D? 3ie aiayj 3Ing juejaodmy s8ay
sauerd 981e] 103 2[edsS JO SITWOUOID AT[RiIUDY

Spoo9 1vI3UH

‘21898 3O satuouod? 381g] A][eiauzy
821q1J opeu-uey

8dno1) AIISNPUl 10J 9[8IS JO SaJWOUOIH oYL

$1003 3utyoeru 03 IB]IULS

§1003 dUTYORW 03 IBTTWIS

$1003 duIYOBW 031 IBTIWIS

1°6 91qeL 29§

*S9UTQWOD DUEB S1039B13 10 1°G S]QeI 295

*Ki3snput

$TYl 3O UOTILIIUAOUOD IJUW] §3500
a11odsuea} pue paosnpoad iaqunu 3sBp

*1861 °3pTiqued ,8ian3onilg 1eTAISNpUL
pue £3TAT19npoad, STRId °[°S ‘Sued 18Iy

suni
uopionpoad pue gionpoid 103 sSatwouody

1°6 91498 23§

1°S o198l 293

3uT123uT8uUa TTATID °SOTIPUNOJ PUE Asisupur [wwae
58¢ pue uoit 2y3 ‘sautu 103 3jueid Jo saniorjnuey

S9TJIISNPU paielal pue
9¢T 1estways ‘pooy ayj 103 Liauiyoew JO ainjoeInuej

sauyoew JUTMIS JO 2IN3OEINUBE :SITI0SSIDIR
16 pue AisuTyoew 3[T3I¥91 JO 3injdeInuey

sautyoeu yYlM Isn 10}
jusudinba pue sT003 I13ylo jo pue ‘[ziaw

Llva SUTION I0J ST003-3UTYDeuW JO 3INIOBINUBK

s10319813

191 pue KLiautyosew jeani[ndti8e Jo ainjioejnuey

1T 8utisauildua fedtueyIay]

patjioads aaaymasia jou sdoysjyiom jeizauw 1ayiQ

(sazes
Surpnisur) ainjTUIN] (232U JO ainjveInuel

spury 11e 3o soouejrdde 3utriesay uayolyy pue
sasuetidde 8urieay do1isawop jo 3inidejnuey

juauwdinba 1eojaioere 3dooxa ‘spool

€69 {elaw paysiulj pue S1003 JO inidevInuey
SI3UTRIUOD [EJ2U-329Ys I9Y3o pue siyuel

91¢ ¢51T0AI9S91 pue aanjoeynuent ‘Jurjewaaijog
(uotie1IRISUT pue A[quasse pajeadajuy °IoUT)

94T sjonpoad Jejam [eIN3IONI}S FO dinjdeynuey
sye3au Jo Buiieod

857 pue juawieal] ‘uorjeuiojsuell LIepuodag
8uidwels pue Buyssaad

0el ¢gut310321p peosor2 ‘3uiBioy doap ¢3uiliog
€S satapunog

(s9191yaa pue Buriasurlus
JULUMIISUT pue [BOTI3D9Td ‘1edTueydauw
L1 103 1deox?) sa1djile (ejauwl JO ainjideInuey

9 K13snput saiaqlj apeu-uey
(932 ‘saysyiod 1eo ‘saysirod ye3lsw ‘s3onpoid

2182 10013 pue ainjjuliny °aoys) asn pioy
-asnoy 103 94TT 9ay1 pue saysiiod Jo ainjoeynuey

SOTWOUODJ J[EBDS U0 SIUIWWOD

(spuesnoy3)

0124 uy

FEEL Gk
30 1aqunN co«um«uomon

1A%

ie

€Tt

[44%

T2¢
[A3

61¢

9°91¢

G°91¢

91¢

S1E

1¢

£1e

[23

11¢

1€

9¢

T°65C

*ON
JOVN



- 77 -

2.65

*sTapout
103 s1s0d juaudolaaap Buipeaids 103 pue
uoyionpoad 10J areds JO sajwouodd a3aey LI19p
SaToTyYap 1030

‘uog3onpoad pue s3sod juawdoyaaap

Surpeaads 031 23v[31 SATWOUODD ISIYJL, °*S§3I35 °“A°'L
¢soyd3Ims oT1qnd ¢siojeirauad oqiny - sionpoad o3
BufieIaa 91EOS JO S2TWOUODd 3Biel A[IrILUH
Butieouilug 107139911

*s3onpoad 103 21eds JO SIFWOUOID aBie]
Axautyoeu 3dT3F0

8dnol) A13snpu] 10J 9180 JO SIFWOUCDY OUTL

1°5 21qel 933

1°§ d1qel 92§

1°S 21iqel 33§
spoo8 ije31ded 21uU01319972 03

ze1juls jusudynba o7uoajdellg
1°S 3iqe], @ag

1°G 91qel 298 :s97a3331Bq OINY

1'G 2IqeL 93§

1°G 2Iqe] 933§

"1°S 9lqe], 93§
smBs uleys puw sasujdua [2s9IQ
81003 3UIYOEW O3 IBTIWIS

1°6 91qe], 93§
g8ujaraq 11ed

16L1

1L

607

SEE

9L

TiL
€8%C

802

1L

7€l

991

sauidus ayoIy2a 10301 JO
anjoejnuey pue (S1032eI3 prol BuIpnlour)
S3TOTYaA 100w JO ATquISSe pue 2iIN3OBJNuUBy

89710582028 pur siaed s1d27ysa
Jojow 3O pue SITOTYDIA 1030w JO aInjdeInuel

(s3urp1Inqg o Buratm =yl o3 3urielel
%iom 103 3daoxa) snijeiedde pue juawmdinba
182Fa309[@ JO UOTIR[IBISUT pue A[qQEISSY

juamdinba 3urjyldi| oja3oate
1ayjo pue sdwe] 573319912 JO BINjoBINUBRK

saocuer1dde
oTa319919 ad4f1 o13sawop yo IrnjoeInuBR)

*sadey

oy3auSeuw papiodaiaid pue spiodax auoydowead

3o aanjdeznueu §(sia3ndwod oyuoaldera 3daoxa)
snjezedde pue juaudynba ojuoajoara jo pue
juaudinba Butpiossa pue Buyonpoiadsi punos ‘sias
BUTAT3091 UOFSTAI[23 PUB OJPEI JO IINIOBRINUEBYK

juaudinba Ted>Tpaw-o13daya pue €juaudinbo
8uipiooaa pue Juransesw ITUCIIIA[S pue [EITIIIBL0
¢jquoudinba suorledTUNUWLOD3T3] FO aInjdeInuei

S10]1BTNUMDOR PuE S3TIBIEq
3o aanjodejnuew fasn [ETa3ISnpuy 103 sadueridde
pue snieaedde 12271319912 JO aInjdeInuey
*(3uerd TeoTi130213 2ISeq 13Yylo pur IeadYd31ms
¢sayoymMs ‘siswiroysuerl ‘siojeiaual
£31°1130972 “saojom 91a13d9T2 Julsyad

-wod) Ki1auyyoem [eITIIII[3 JO IInjdBINUEY
$91QEed pU®R S3ITM PIIPINSUF JO IINIDBINUEBH
3uiaaaurdus [esTIjdely

K1sutyoeu Buissasoxd ejep

pue L1auTydoew 22IJJO FO 3inideInuey
juaudinba pue Lisujyoem 13Yyjzo o ainideINuUEK

Aajsnpur jo sayosueiaq d>F3Ioads ul asn
103 jusudinba pue Lisujyoew iayjzo JO ainidBINUBK

aamod
aailow 103 juaudinba uoyssjmwsueil jo ainjseynuey

(spuesnoyl)

0104 ugy

S37WOU0DY o[82§ U0 S3USWL0)

saakorduy

3O Joquny

wotadraosaq

15¢

3L

A%

97¢

Ghe

e

£ve

(A 4%
T9e

e

132

8T¢

Lze

9t

*ON
IOVN



*u033INqIIISIP pue 3uiledisw 1o03F

S9TWOU022 STEIS OS[® 9i1B 3IaYyJ M 343l ut
andino apea3 o3 uorleraa uy [reuws K[[eiauald
sjuerd jo aieos gaW anq siuepd aldiey 103 ST
2[BOS JO SATWOUOD? TBOTUYDd] JO 3DINOS UTeU Ayl

X33snpuy poog

2.66

*s31s02 3juaudoraasp Buipeaiads y3noayi sisnpoiad 3o
s3ndino 103 a1{eds JO SIIWOU0ID Bae]
gurisaurBug uswWNIISUT

-$3800 juawdoyaaap

Fuipeaads £q 33vadaTe 103 28OS JO SITWOUOII
a81e1 Liaa Inq sdiys 103 sulysap jo sindino
381e1 103 satwouo2s aie 31ayl ydnoyi Buipiing
-diys pue 8212945 103 Mol ¢S3933F> 9IRIS 3[qe1iEA
S9TITYaA 19430

84noIH A1ISnpul 103 aTEIS JO SaTWOU0IT OYL

..?8-

1°S 21qeL 23S

spoo3 1e3jpdeo
2TUO1329[d 031 IBTIWIS

gpood 1ejyded
2TU0I}DIITI 03 IRIIUWES

spoo3 1eijrdeo
2TUOI3DITD 031 IBTTUS

1°S 91qe], 33§

1°S 91qel 933

‘1°S d1qe], 9335
81039813 pue

A1sutyoew TRINIINOTATE
3O aanjdoejnueu 03 IelJWIS

1°G 91qBL 23§

S9TWOU0I] 9Ted§ U0 SJIUMWOYH

ﬁ ki1

(44
(A%
9

€0t
1€

60

\_ £

9¢

99

€L

911

687
St

65

6
KiTA
8sL

(spuesnoy3)
0123 ut
FECL O i

30 Jaqmny

B i T T

syonpoiad ysaejs pue yoieis JO ainjoeynuel
*2939 ‘tuozedeu ‘y133ayldeds Jo ainiyoeInuely
BurTITW urER1)

uofidunsuos uewny 103 11J SpooJ eas
12430 pue ysij jo Buyrazasaid pue Buissasoid

sa[qeladaa
pue 31niy jo Futaxasaiad pue Fuissadsoid

syonpoad Lifep 3o ainidejnuey

(opei1l ,saayding ayl 1daoxa) jeaw
jo 3uraxasaid pue Juraedaad ‘Burasiydneis

sjej pue
ST70 fewjue pue 23[Qqe1989A JO ainjoeInuel

Aa3snputl 02908Q03 pue ‘jupap ‘poog

joaiayl siaed
pue sSayd1em pue SYO0[D JO ainidejnuey

auaadinba os1ydeadojoyd
pue sjusunijisuf (eoiido jo ainjoeynuey

(1eam3003 o1paedoyiio
adeoxa) saosueridde oypaedoyiizo pue uom
-dinba [e218ans pue [edTpaw JO ainideInUBK

snieiedde pue sjusmniisul uoisioaid
pue 3ulydsyd ‘Suiansesuw Jo 3injydenuey

Buirasautdue jusUNIISUL

fujatedaa
pue Supinjoejnuen jusudynba soedsoiay

30313y} S91I08532de pue siied

pue saId4d-1030u ‘sayd4o JO ainiodejnuey
3o03s-8urTroa Lemmelil pue Aemyield
a%ne8-molieu pue piepuels JO aInjdeynuey
BurprIngdrys

3a10dsuely jo sueam 134y3jo JO 3injdeInuey

SuBABIED puE SI3]TEi3l UMBIpP-1030W JO

pue Sa[2TYsaA 1030W 10J SITPoq FO ainjdejnuel

uotradiiosad

81%
L19

91%

ViV

£y

114

[ATAN

YLe

€lLe

tle

1LE

LE

79¢

£9¢

9¢

19¢

9¢

[44%

*ON
JOVN



-?9-

2.67

*suna uorjonpoxd

3uol 103 pue uorijesyle}dads 10j sSOTWOUODD BiE
319Yy3 3Ing $J0399S 1aYyjo 3Sou UF ueyl pIaJTWif
?JI0W 21 ITBIS JO SITWOUOID Yl AT[RIBUI
SaTTIXIT

*juejzoduy a10uw
2318 3[eds JO sS3Wouodd Juliadjiey *SITI0IIET
333928315 981y 103 2IEO8 JO Safwouodd YIS

*ga7Ioma1q 9818 10J 9IEdS JO SIIWOUODII IILIIPOK

0998qo] pue JuTag

sdnox9 A13snpul 103 o[BI JO SITWOUOIT UL

1°6 91qel 93§ :siadie)

19
£6
1°6 21qe], 293§ L6
A
692
1°G 91qel @3g 8s1
4501
1°S 91IQeL 335 :s23321e87) 96
oL
1°S 31qeL 39S 81
ST
oL
8491
1°S 91qel 98§
9L
°paq]iosap aae I[eds
JO sajwouodd Bulianjiel ‘0861
98p1ique) ¢ ,9O5URWIOII3] OTWOUODY
pue sia8i19y, e 32 BUITM0)
*g3onpoad 103 saull uorjonpoad
pue sajio03dej 10J B[EIS
JO 83TWOU0D? 331 II¥ a3yl
£13U0721093U0D 23BT020YD> I04 9.1
1°S 91qel 99§
(spugsnoys)
0103 ug
S9940] ddly
$9TWOUODY 2[BOS UO SIUIWIOD 3O Iaqmny

(@seq 9111%931 10 paeoq ‘iaded uo) sBurasaod
1001J JIBITWIS pue WN3TOUF] JO AInideynuel

$91qT3 Jo sadfy 11e woiy
*032 “s3na ‘3uyiadied ‘siadied jJo sinideynuel

3utieays 291319Yuks pajioddns zeytuys pue
yzorazayiea] 3urpnioui ‘s3urisaod 10013
19yjo pue umajourl ‘siadaeo jo sanioseynuel
BUTyYsSTUTy STTIXSL

Aa3snput BuriiTuy

£131snput a3nf

atwex pue dway ‘xery
30 Butaeas pue Buruuids ‘uorieaedaad

L1asnpuy ATTS

K13snput 103309

£13snpur pooM

£138npul STIIXVY,

s3onpoad 0308q03 FO 3anjydeInuBK

siajem eds Teinjeu jo Bur[Ilog Byl
SuTpnIout ‘sYUTIp 3308 JO SInldBINUEH

8ur3iem pue Zuimaag

uoalayl paseq sal8wviaaaq jo pue sadeid
ysalj JO aUTM JO Iinidejnuey

Suypunoduod

pue 3urr1IasIp 11alds ¢{syvyaajem

pa3jusuiaj moiy foyoosre [Ayla jo BuITITFISTIA
sjonpoid pooj Iaylo JO ainidejnuey

(Ano13 pue 13w Yysy3 Sulpnyouy)
spoo3 KLijinod pue Tewfue Jo ainideynuey

£13u0T31923U0D
ae8ns pus 3381020Yd °BOO0D JO BINIIBINUBK

3utuizea pue Suranioejnuen iedng

uogadiaosaq

7°8¢eY

1°8¢t%

8¢y
Ley
9eY

SEY

ey
€Ly
A%}
1€y

£y

6%y

8ty

XA}

114

YTy

YA

it

1%
114 ]

*ON
JOVN



_80_

*SaUf] swos 103 sunl uotionpoad 3uoy

pue uoijesjejosads 103 safwouoda 103y adoos
ST 219yl Ing °S3TIISNPUT IsSayl U} S3}1030eF
28181 103 97€d8 JO SIJWOUOCID JO IOUIPTAI ON
S971318NpuU] °in3jjuing pue JIaquil

2.68

*suna uotionpoad

3uol pue uoflesilerdods J0J SITWOUODS JWOS NG
sa71010e] aBie] 103 2[edS JO SaIWOU0dd IY3IIS
FuTyIol) pue Aeamiocog

*suni uojjonpoad
8uo] pue uojiesiie}doads 103 sajwouods
2WOg “9[8I8 JO SOJWOUODd [TewE A[[BIAUIY

8p009 I3yjea]

sdnoxn Li13snpul 103 a1edS JO SITWOUODT Sy

‘suni
uojaonpoad Buol pue uojlesiiefoads
103 91ed8 JO Ssaiwouoda 3Jiel
aie 213yl 315933ns sjusmmon °/861
uojBuiyseM ,opeal sa1d 103 isand Iyl
sgpeue) pue g 3y, Ii0dBuUUBM Tned
*patiea L13A ST $3T1030BF
jo 9ZIS AL °3Ted8 JO SITUOUOII
TeFiuelisqns JO 2DOUIPTAd ON ‘1861
‘a3p1ique) ©,2an310n13§ [PFIISNpUT pue
La1at3onpoad, sTBid ‘r°s ‘Lanituing €LE

61
1%

111
9
1s
889
11

*suni uogionpoad

8uo1 pue uojiesyieioads 103

§9TWOUO0Dd 3IB 219Yj Ing 2aAT373aduiod
2q ugd sSuWILJ pue §3f1039e3 Tlews 689

1°g a1qe] 93§ [AYA
SL6

0s
9t

98
16

(spuesnoyl)
010F uy
s29k014du

30 aaquny

SOJmouU0d  9[BO0g§ UO SIUWMOY

3aN)1Tuan] uspoom JOo Iinioejnuep
swool1q pue

saysniq jo ainjdejnuedm ¢ (}IOMINITM

pue aiemjajseq 3upnidur) s{eTiajeul
8utiterd 13ylo pue Mmelils JO S3[OFIIE

pue 3I02 JO S$3[2T3Ae JO Jinidejnuel
(2an31uang 1deoxa) sainiosejnueut poos 13Yyio
S$19U1e3U0D USPOOM JO 3INIOBINUEBK

3utaoory 39nbied jo pue sjuauodmod
Kasutol pue Lajuadied jo aanjoejnuey

syonpoad poom paysiulI-Juwas jo ainidejnuel
poos jo Buissadoid pue Bujmes

SaT13SNPU] AINJTUIN U3POOM pue 1aquil
$poo8 inj JO pue Sanj jO AINIdBINUEBH

(ST1Tu 3utaran 9pIsino) spood a11axaa dn-opeu
19430 pue S2[11Xa3 PIOYISNOY 3jO aanideynuen
$3T1058220€

pue 3ufyiold apeu-Lpeai Jo ainjioeynuepl
(12qqn1 3o 10

poom jo A1oa31a7dwoo apeuw ieamiool Bulpnid
-X2) iIwamjo03 pasnpoid-ssem Jo 2In3deInuUey

A13snput 3ulylzold pue 1BIMI0O0]

$21N31738qNs 1ayjieal
pue iayjea wolij sionpoad Jo sanioeynuen

19yjeal jo Sujyssaip pue Juiuue]

(3ury3iolo pue 1am3003
1daoxa) Li3snpuy spool 19y3eda] pue I3yiea]

$9713SNPU] STTIX2] SNOJUBTTIISTH

uotadyiosad

L9%

994
9%

9%

£94
9%
197

9%

95%

SS%

£5Y

187

S

[Ani

'

6¢%

*ON
JOVN



- 81

*sunx uolionpoad Buoy pue uoriesyierdads 103
S31WOU0Dd a[eds 3q Kew 3I3Y], °S2]I03128F [lBUS
woia3 a3jexado sapeil 9asayl ul swaty L1yeoaydLy
saTi3snpul Sulinisejnuel IaYyao

2.69

*suni uotjonpoiad Juol

1o/pue s3onpoid 3o sindino a3ie] 103 $ITWOUOID
a8ae1 01 23eiapow I axayl inq IY3yis L[1eioual
sjonpoad oyiserd papinom pue spool 1aqqni
1eaauad Juriew Salioldey I0J a[eIS JO SIFuOUOIY
*$974039e3F 3141 10J 9[EIS JO SITUWOUOID I3BAIPOW
s3onpoad 9118814 pus raqqny

*suni 310ys 3UTATOAUT 3Iom 103 a3eiuBApESIp

e 3e j0u aae sagsaad Sujiurad (iems Inqg ‘sorITI
103 91EBIS FJO SITWOUOID 3Fie] 318 3IYL “STIIW
1aded 1oy 21228 3O 8aIWOUOD3 8318l 2ir 3aayj,
FUTUSTIqQnd pu? Sutjutag *1adeq

§dnoin AI3Snpul 103 91BIS JO SSJWOUODT O]

*g3onpoid 3o 8¢
sandino a31e1 pue uoijezyieyoads
103 91ed8 JO SITUOUOID BIE 1YL L
ST
€S
Z61
1'G 21qeL 293 :8poo3 213884 S0S
1°6 91qel 298 :049 pue saify uee
L18
*83800 dn 398 pue sison Kdoo
38113 Suypeoads £q $a11731 I10F S°TWOUOID
?81e] aae 213yl sjooq pue gyedfporaad
¢saadedsmau Bupjurad pue Supysyigqnd Io4
1°S 91qel 235 :8jo00g 019
LYt
I°G 9IqeL 992§ 991
9071
(spuesnoyl)
0124 Ut
aoonHmmu
32JWOU0IY IIEOS UO SJIUIWMO) 3O xaqunN

jaom uoriaidmos Burpiing
(s2an1xT} pue sBUTIITI) UOTIBITEISUL

*0318 ‘sfemytea ‘se8praq ‘speox
3O uor3oniisuod :38uiissurldus ITAT)

1BTIUBPISaI-UOU pue TBRTIUIPISII
yjoq ‘s3urprIng Iayio pue sieitdsoy
€53207q 2091330 ‘SIRIF JO UOTIONIISUO)
jios uoljjfowsp pue (uoyiezjierdads
1eina1ized Lue Inoyjzim) dyiom
Sutassuildus [TATD pue 3ulpling [eliauan
Sutaooutl3us [TATO pue SurprIing
Sar1lsnpur BulInlideInUBE SNOIUBTTIISTH

spood sijiods pue sfo3 Jo ainiodejnuej

satiojel0qe]
o1ydeadojewaurd pue osiydeasdojoyd

$]UaWNI]SUT TEOTSNU JO ainidejnuey
sauols snojodaad-jwas pue

snojdaxd jo Suryiiom asiMiayjlo 1o 3uraind
:1SaJeM SYITUSIDATFS pue ,syijmspiol pue
L1a119m3( JO saroTade jo aianjoeynuely
sata3snput Sutranioejnueu I3yl

sotaserd jo Buyssadoiy

so1k3 1aqqna jo Butajedoaa pue Burpeailay

s3onpoad 1aqqni jo anideynuey

so33serd pue 13qqna 3o Sulssaloxd

Burysyiand

$9711SNpPUT pajile pue Suljutad
paeoq pue 1aded jo Bupssadroid

paeoq pue iaded ¢‘dind jo ainioseynuel

8utysiiqnd pue Sujiugad
g3onpoad iaded pue iaded yo aanjoejnuey

uoyadraosaq

708
€05

0%

006§
0s
S6%

v6%

£6%7

z6%

16%

6%
£8Y
8%
8%

8%

LY
€Ly
[AA ]

1L

1A

*ON
JOVN



..82..

T T

A
$
A
N
N
A A
© A
o P
A
r
A
r
M
3
A A
suni uoljonpoad
smitJ Jo 921§ JusuysyIqelsa Jo azys pue s3jonpoiad

?23vT2l1 S9TWOUOD3 YOTYM 03 I[edS JO suofsusuwip jedrosutig

spoo3 aayiea]

8UTYlO0TD pue 1BIMIO00]
ainjfuani pue Iaqur]

SaTT1IX3]

sataisnpul Surinidenuew 1ay3lQ
poogq

020BqO03 pue Juiig

s3onpoad of3seld pue iaqqny
spoo3 Teiap

s3onpoid Telauiw DfTelaw uoN
8utystiqnd pue Supjurad ¢iadeg
Suraeaur8ua juawniisujl
SurasaurBus TedT1309TF
Burasaurlua TeofueByday
L1sutyoew 391330

sTelan

$91qQTJ opeu-usy

STEROTWAY)

S9T2TYaA I3YyaQ

S9TOTYaa I0310H{

*83502 uol3lonpoiad io3j pue

$31802 jusudoTaAdp Buipraids 103 3T8IS JO SaTWOUO0D?d JOo aduwjziodwf 3yl Jo 1apio uf paisf] 2ie sdnoil Lizsnpur

‘02
‘6T
"8T
L1
‘91
*G1
At
‘el
Al

[T
=

. . . .
- N Mg N O~ O]

27805 JO BaJWOUODH Aq sSdnois Ai13snpul Buranioejinuel jo supjued (q)E°'S 2Tqel



-83_

2.71

motor vehicles it is difficult to distinguish between the economies for

(1) and for paper, printing and

large outputs of products and large firms
publishing, size of plants are very important for paper products and for
printing and publishing. The output of book, periodical and newspaper
titles is highly important. This very crude test indicates that the

output of products and production runs are the principal dimensions of

scale to which economies for development and production costs relate.

Estimates of the Economies of Scale for Products, Production Runs and

Specialisation

Most industries produce a wide range of products and so there is
scope for varying output of products, for production runs of varying
length and specialisation. (A production line or plant specialising on
a narrow range of products is in effect an examﬁle of production of long
runs). There are many references in the literature to the cost
advantages of specialisation and long production runs. For example, in
1960, Professor Verdoorn suggested that differences in the length of
production runs "might well account for a considerable part of the
differences in productivity' between America and Europe. He suggested
the diversity of technical frocesses carried out in the same plant was

(2)

much smaller in America.

(1) 1In this industry firms have to be large to have large outputs of
products.

(2) E.A.G. Robinson, ed., 'Economic Consequences of the Size of
Nations', London, 1960, p. 346.
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The extent of the economies of long runs and large outputs of
products are elusive. The economies of long production runs relate to
the use of larger capacity, more efficient equipment as output
increases, learning effects and the spreading of the costs of organising
production runs. For products which may be made in repeated production
runs, development costs can be spread. A substantial and increasing
proportion of the costs of firms are fixed or semi-fixed relative to the
output of products. These costs include design and development costs,
the costs of setting up specialised production facilities and tooling,
and product related marketing expenditure.

Increases in trade and hence scale since 1970 have directly
increased the length of production runs and outputs of products. The
increase in incomes and availability of imports on the other hand has
enabled customers to be more choosy. European firms have reduced
production of many standard traditional products and moved up market
making new and distinctive products. These forces have reduced the
average output of products and production runs in Europe, and increased
the importance of these dimensions of scale for an assessment of the
economies of scale.

One of the problems of assessing the effects of a general increase
in the length of production runs for, say, dyes or paints is that such a
change is remote from the expectations of managers. Also, in the short
run firms would not change their plant and equipment in response to an
increase in the length of run. In the long term firms would respond to
a, say, doubling of length of production runs by installing larger units

of plant and equipment.
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Table 5.4 lists some estimates based on production conditions in
the UK circa 1970. Substantial economies of scale are indicated in
Table 5.4. Although only five estimates are shown, they are
illustrative for many other trades; dyes for batch process trades,
machine tools for many mechanical engineering trades, electronic capital
goods for instruments, cotton weaving for textiles and clothing and
books for printing and publishing. Data is not available to test
whether the magnitude of these economies has changed since 1970 but it
seems unlikely that there have been substantial changes. New methods of
maéhining machine tool components, electronic chips, and computer type
setting may have lowered the economies somewhat.

Throughout much of Table 5.1 and the summaries in Table 5.3
qualitative references were made, fhe economies for long production runs
and for large outputs of products. Also the estimates of economies of
scale for establishments and firms analysed below include economies of
scale for products and production runs. If 'pushed to the wall' to make
an estimate of the effects on unit costs of a doubling in the average
output of products, production runs and specialisation from the present
levels in the EC, the very rough expected orders of magnitude would be 6
per cent for total unit costs and 14 per cent for value added (total
unit costs less the bought out component of costs) per unit. These are
very large economies. In terms of marginal costs, the total unit costs
of the extra output would be 88 per cent of those for the original
output and value added per unit for the extra output would be only 72

per cent of that for the original output.
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Table 5.4 Economies for Long Production Runs and Specialisation

Percentage
Increase in
Costs at 507

of MES
total
unit
costs
NA§E3 Dyes
Code

251 New dye made in new plant 22

Traditional dye made in 17
industries

322 Machine Tools
Models of machine tools 5

345 Electronic capital goods 8

432 Cotton weaving(l) (5)(2)

473 Books
Hardback 36
Paperback 20

(1) MES runs assumed to be 15,500 yds.
(2) Estimate by author.

value
added

per unit

13

15

50

30

&4

56

10

Comments

The estimates are
representative for
other batch process
industries

Approximate

estimate.

The extent of the
economies depends

upon the level of
development costs.
Machine tools are
representative of much
of the engineering
industry.

Approximate estimate.
The extent of economies
depends upon the level
of development costs.
Electronic capital
goods are represent-
ative of instruments

This estimate is repre-
sentative for the
textile, clothing and
footwear industries.

Spreading first copy
and set up costs are
very important in this
trade.

Source: C.F. Pratten, 'Economies of Scale in Manufacturing Industry’',

Cambridge, 1971.
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Plants

It is clear that the extent of economies of scale for plants varies
across industries in terms of the size of MES plants relative to
industry output and the increase in costs below the MES scale., Table
5.5 lists the estimates of the MES for plants and relates them to UK and
EC output. Table 5.6 summarises the estimates of the MES for plants as
a percentage of EC output.

The estimates of the output to which MES scales are related tend to
exaggerate output relative to the MES. In many trades there is scope
for plants to specialise. For example, steelworks make a wide range of
products and all steelworks specialise. Similarly machine tool
factories each make a limited range of tools,

Table 5.6 shows that for 5 pef cent of the observations the MES
scale of plants is less than 2.5 per cent of EC output, and for 63 per
cent the MES scale of plants is less than five per cent of EC output.
This is a very rough indicator of the size of MES plants because the
figures are not weighted. However, when UK employment was used as
weights the percentages rose to 60 per cent below 2.5 per cent and 88

(1)

per cent below five per cent. The estimates suggest that in most
industries the EC market can support 20 or more MES plants. The
equivalent figure for the larger EC industrial economies, such as
Germany, France, Italy and the UK would be four or more plants.
These estimates understate the impact of scale economies for

plants. It is a common observation that many small plants survive in

the metal goods, mechanical engineering, textile, clothing and 'other'

(1) There are severe problems in weighting the observatiomns; it is
difficult to assess how representative estimates for special plants
are for industries. Should the chemical plants be taken as
representative of all chemical plants, etc. Fortunately the broad
conclusions are not sensitive to the weights used.
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Table 5.6 Summary of MES Scale of Plants and Output in the EC

Percentage of EC output Number of observations Weighted by UK
% of employment
total

0-<1 20 29 50
1- < 2.5 17 25 10
2.,5-<5 13 19 28
5- < 10 11 16 9
10- < 20 5 7 3
20- < 50 2 3 0
50- < 100 1 1 0

100 and over - - -

68 100 100

manufacturing industries. However for many of these plants the secrets
of survival are that they are sub-contractors or they specialise. Pins
provide an example. In Adam Smith's time a whole trade made up of many
firms manufactured pins. Now all the production of pins in the UK is
concentrated in quite small parts of two factories. For the most part
small plants make different product ranges to those made by the large
plants, and for these products there are economies for specialisation
and large outputs of products. Specialisation can take the form of
differences in quality rather than distinct products. A firm with a
small plant may specialise in making high quality products or products
of low quality and/or specialise in selling own branded products to

retailers or selling products without advertising.
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Again the estimates of scale gradients in Table 5.5 vary. No doubt
the extent of economies does vary for different types of plants but also
there is a margin of error for all the estimates. Unfortunately there
is no way of estimating the extent of the possible errors. Table 5.7
summarises the increase in costs at } the MES for the plants listed in

Table 5.5.

Table 5.7 The Increase in Average Costs at half the MES

Increase in Number of Plants for which estimates of
costs plants the increase in average value
(percentage) added are also available
Average Average
costs value
added per
unit
0-2 2 1 -
2-5 16 2 -
5-10 13 2 2
10-15 11 1 1
15-20 1 0 2
20-25 1 1 1
25 and over 1 0 1
45 7 7
Average 8 9 18

One reason why the estimates of scale gradients vary for different
industries is that the proportion of output bought out varies for
different types of plant, and the bought out content of output often

offers much less scope for economies of scale. Average unit costs and
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value added per unit are also shown in Table 5.7 for the plants for
which both estimates are available. The unweighted average increase in
value added per unit is twice that for average unit costs.

It is important to note that the estimates of economies of scale
for plants are based on the assumption that the range of products made
at a plant is fixed and does not increase with the scale of the plants.
The estimates of the effects of increasing the size of plants therefore
includes the effects of increasing the output of the products made at

the plants and of increasing the length of production rums.

Firms

Table 5.8 lists the MES for firms for the trades for which
estimates of the economies of scale for firms were given in Table 5.1.
The size of firm is used as the main dimension of scale for these
observations because some division of output between plants is possible

(1)

without substantially increasing costs. Again it is important to
note that the economies of larger outputs of products are incorporated
in these estimates. It is assumed that the range of products is fixed
and does not increase with the size of firms., The reductions in unit
costs for large firms includes the cost reducing effects of spreading
development costs over a larger output and for longer production rums.
The unweighted average MES as a percentage of the EC market was 34 and
weighted by UK employment 55. These two estimates are heavily
influenced by the motor vehicle and aerospace industries. The increase

in costs at half the MES for the six trades for which estimates are

available is 9 per cent.

(1) For example, car manufacturers can separate the manufacture of
engines and the assembly of the cars.
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Cars and Trucks

The estimates of scale effects for the production of cars are
noteworthy for several reasons. First the two estimates of the MES are
widely different, two million and 500,000 cars a year. One explanation
for this divergence is that the first estimate by Muller and Owen
includes the spreading of development costs, while the second estimate
by Muller excludes these costs. For cars the effects of spreading
product development costs are an important source of economies of scale.
The MES estimate of two million cars a year exceeds the production in
Europe of any single firm and suggests there would be scale economies
associated with further concentration of the industry.

Another reason why the estimates for cars and trucks are of great
interest is that they are representative for many products made by the
mechanical engineering, electrical and instrument industries. Cars and
trucks are more or less complex than the products of these industries,
but the main difference is the much’'greater output in terms of numbers
of cars and trucks, This suggests that there are substantial
unexploited economies of scale for the production of many products made
by these industries. Another example of the economies of scale for
precision engineering products continuing to very large outputs is ball
bearings. These products are made in vast quantities. SKF claims about
twenty per cent of the Western World market. When it was challenged by
Japanese producers in the 1970s,it cut costs by rationalising production
at its European factories. Each of its subsidiaries in the U.K.,
France, Germany and Italy ceased to produce z full range; instead they
manufactured a limited range and took supplies from other subsidiaries to

complete their range.
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Another example of economies of scale continuing to very large
outputs is for semiconductors. It is claimed that the large domestic
markets for chips from the domestic and electronic appliance industries
in Japan and the computer industry in the USA have given these countries
advantages for chip production.

The output of motor vehicle and computer companies is concentrated
on cars and trucks, and computers. In most industries the possible
permutations of products for firms is in practice immense and it is
difficult to pin down a range of output for estimating the economies of
scale. This is the explanation for Table 5.1 including only a few
estimates of the MES for firms. Plainly there are economies of scale
for, say, giant chemical companies for organising and controlling
production of intermediate chemicals, basic research and development,
for marketing and distribution, for raising finance and for risk taking.
These economies are difficult to estimate but they can not be ignored.

In the following section they are described.

Estimates of the MES 1951 to 1982

Many of the estimates of the economies of scale used in this
Section were made during the 1960s. Are these estimates accurate for
the technological and marketing conditions of the 1980s? Table 5.9
compares estimates of the MES for eight industries for which DIW
prepared estimates of the economies of scale in 1982. The DIW estimates

(1)

are compared with those made by J.S. Bain in 1951 , and by Scherer,

Weiss and Pratten between about 1965 and 1969.

(1) J.S. Bain, 'Barriers to new Competition’, Cambridge, Mass., 1965.
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The lower estimate of the MES for cars in 1982 is striking. As
noted earlier it may be explained by the fact that the DIW estimates
are based on production costs, they do not include the costs of
spreading research and development costs.

As is usual with studies of the economies of scale, the pattern is
not uniform. On balance there is evidence of an upward drift of the MES
scale. The DIW estimates of the MES scale are higher than Bain's for
four out of five industries, and the exception is cars. The DIW
estimates are higher than those made between 1965 and 1969 for eleven of
the sixteen observations and lower in three cases. These results are
not surprising. Many technological developments are increasing the MES
and the integration of national markets is providing firms with

opportunities to test larger scale operationms.

Conclusions

In this section engineering estimates of the economies of scale for
products have been surveyed. One conclusion is that the economies of
scale for production and development costs for complex engineering
products such as cars continue to levels of output which represent a
substantial fraction of the EC output of the products. Also in these
trades scope for achieving some economies continues more or less
indefinitely.

For other trades the MES varies in relation to the EC market as
does the steepness of the scale gradients. It is not possible to

provide a synopsis for these trades.
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Table 5.9 Estimates of the MES Scale 1951 to 1982

Industry

Cars
(th. a year)

Domestic
Appliances
White Goods
(th. a year)

Tyres for
Cars
(th. a day)

0il Refineries
(m. tons a year)

Steel
(m. tons a year)

Cement
(m. tons a year)

Beer
(m. hectolitres
a year)

Cigarettes
(bills a year)

* Source

*
Bain

195;1

USA

300-600

0.9_203

18-23

MES Scale

*
Schere;
1965
International

800

10
3.6
1.2

5.3

36

+ Approximate year of study

++ Country for which estimates made

*
Weiss

1961:

USA

16.5
5.95

3.6

2.4

%
Prattgn

196
oot

1,000
(3 models)

500

10
4.1
2.0

1.6

*
DCI. L]
1982
Germany

500
(2 models)

1,500

20-40

10

9.5-12
1.3

2.8

70

Source: The table was prepared from comparisons made by Dr J. Schwalbach
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Section 6. Economies of Scale for Firms

A firm which achieves large scale by producing large outputs of
individual products, long production runs and operating large plants
will achieve the technical economies of scale for production and for
spreading development costs which were surveyed in Section 5. In this
section, we consider the economies of scale for marketing, research and
development and risk taking which may apply to firms making a limited or
wide range of products. First, the scope for technical economies of
scale for firms making a wider range of products than those included in
Section 5 are outlined.

Scale and concentration are related. Other things being equal, if
some firms increase their scale of output, concentration increases. Both
scale and the degree of concentration affect marketing and research and
development expenditure. 1In this section we side step the relatiomnships
with concentration and focus on the scale effects. Completion of the
Community will not result in 'other things being equal', it will
increase competition within the Community and offset the effects of

increased scale leading to greater concentration.

PRODUCTION
It is not possible to generalise about the economies of scope for
production costs. For a firm making a range of products, the economies
of scope for production relate to processes which are common to a number
of products, for example, processes to harden or coat metals or dye
textiles.
There are also important technical economies of scope for a firm

which produces products by a sequence of operations. Chemicals provide
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an example. A chemical company which produces a wide range of final
chemical products can achieve large scale for the production of
intermediate and basic chemicals which are used to produce the final
products. These technical economies relate to the scale of production
of the basic and intermediate chemicals, to linking processes, to
control of the markets for the output of the initial processes and to
the coordination of production.

Although it is not possible to quantify these economies except on a

case by case basis, Ehey are quantitatively important in some cases.

MARKETING

Scherer has provided the following description of the economies of

(1)

scale for marketing:

'Economies of large-scale promotion and marketing also raise
analytic difficulties. For one, they may show up not only in the
form of lower costs, but also in the ability of firms to charge
prices higher than those of smaller rivals for comparable products,
or in some combination of price premiums and cost savings. Thus,
both cost curves and demand curves are affected. A second
complication is the element of chance associated with sales
promotion. A massive advertising campaign may be a spectacular
success or a resounding flop, depending upon the ingenuity and luck
of the Madison Avenue people in charge. And most important of all,
the private benefits realized through large-scale promotion may not
be mirrored by benefits to the public. It is not clear that
society gains when one firm's monopoly power is bolstered by a

successful promotional campaign or whether bleary-eyed television

viewers are better off from the barrage of messages to which they are
subjected. Here we confine ourselves to the narrower question, to what
extent is market concentration encouraged or entrenched by the private

advantages of large scale promotion?

(1)

F.M. Scherer, 'Industrial Market Structure and Economic
Performance'. Chicago, 1980. p. 108....
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Even there, no simple answer can be provided. 1In his
ploneering study of 20 American industries, Professor Bain
concluded that product differentiation was "of at least the same
general order of importance ... as economies of large scale
production and distribution" in giving established market leaders a
price or cost advantage over rivals, and especially over new

M (Product differentiation is a condition for the

entrants,
advertising of products by firms). However, a later 12-industry

study found that although product differentiation was very

important, firms with only a single plant of efficient scale were by no

(2)

means barred from success. In several industries, single-plant
enterprises were able to promote their products on virtually equal
terms, realizing all or most scale economies; and in others they could
find sizeable market segments in which to operate profitability despite
a promotional handicap.

To explore further the.reasons for these somewhat disparate
conclusions, let us begin by focusing on advertising, which Bain
found to be the single most important basis of large-firm
advantages.

One possible source of scale economies is the need to attain a
certain threshold level of advertising messages before reaching
maximum effectiveness. There are two main reasons why this might
be so. First, the average consumer's behaviour may not be
influenced by a éingle message, whereas five or six delivered
messages (out of a possibly larger number sent) are likely to
induce action, 1f indeed advertising is able to do so at a11.(3)

Second, when advertising messages are communicated further by word

(1)
(2)
(3)

Bain, Barriers to New Competition, pp. 142-43, 216.
Scherer et al, 'The Economies of Multi-Plant Operation', p. 258.

See "Advertising: Frequency and Effectiveness", New York Times, 22
June 1976, p. 57
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of mouth and peer influence, conditions analogous to those
governing chain reactions or the spread of epidemics may apply.(l)
A small impulse soon peters out, but one that affects a
sufficiently large initial critical mass spreads rapidly and covers a
large segment of the population. To the extent that either of these two
models of advertising effectiveness Is valid, there must exist an
"advertising response function" of the logistic shape illustrated in
Diagram 6.1. Over the range AB the threshold (no doubt varying for
different consumers) is being approached and surmounted, and the

average sales generated by an additional message rise. But beyond

point B average returns fall, at first slowly and then (if

oversaturation can occur) precipitously.

Diagram 6.1 Advertising response function

C

Sales IS 0

Number of advertising messages

There is a debate as to whether the shape assumed in Diagram
6.1 in fact reflects real-world conditions or whether diminishing
returns set in immediately. The answer may depend upon the
specific advertising medium. Julian Simon has brought together a

persuasive body of evidence showing continuously diminishing

(1) See Stephen Glaister, 'Advertising Policy and Returns to Scale
Where Information is Passed Between Individuals', Economica 41 (May
1974): 139-56.
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1 The

studies he cites on other media suffer from methodological

returns for direct-mail and clip-out coupon methods.

shortcomings and therefore are less convincing. Perhaps the most
carefully controlled marketing research on which a published
account is available, covering beer advertising on television,
suggests a relationship like Diagram 6.1 but with separate maxima

& When the intensity of

for each of two distinct market segments.
Budweiser beer advertising was varied systematically among local
markets, increasing returns showed up at lower message levels., But
at high intensities, the response function turned downward, as with
segment CD. Consumers deluged with Budweiser adds reportedly
requested of their liquor dealers, "Give me anything but Bud".

The existence of an increasing returns range AB is not by
itself enough to imply an advertising cost advantage for larger

firms. TIf all firms face essentially the same advertising response

(1)

(2)

Julian L. Simon, 'Issues in the Economics of Advertising' (Urbana,
I11: University of Illinois Press, 1974), Chapter 1.

Russell L. Ackoff and James R. Emshoff, 'Advertising Research at
Anheuser-Busch, Inc. (1963-68)', Sloan Management Review 17 (Winter
1975): 1-15, The response function derived by Ackoff and Emshoff
was measured in terms of percentage changes in sales rather than
absolute sales levels, but it can be transformed into one like
Figure 6.1. :

For other evidence on response functions and economies of scale
in advertising, see William S. Comanor and Thomas A. Wilson,
'Advertising and Market Power (Cambridge, Mass: Harvard University
Press, 1974), pp 49-53; Jean-Jacques Lambin, 'Advertising,
Competition and Market Conduct in Oligopoly over Time' (Amsterdam:
North-Holland, 1976), pp. 94-98, 127-29; and Randall S. Brown,
'Estimating Advantages to Large-Scale Advertising', Review of
Economics and Statistics 60 (August 1978): pp. 428-37.
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function, all will find it profitable to carry their advertising to
approximately the threshold level B if they advertise at all, and

all will thereby enjoy similar sales responses. For economies of
scale to exist, there must be some further interacting set of
circumstances conferring an advantage to larger firms - e.g., by
letting them have different and more favourably configured response
functions than their smaller rivals. This may stem from consumer
inertia or from physical barriers to the rapid expansion of sales.
For example, one supermarket chain may for a variety of historical
reasons operate 50 stores in some metropolitan area, another chain
only 15. Most of both chains' customers are apt to be tied by

force of habit or other considerations to their regular shopping
locales; only a small fraction are movable in any given short
period by advertising. And if either chain did attract customers very
rapidly through advertising, congestion would build up in its aisles,
curbing the patronage gains. The large chain may therefore face a

response function like LR, in Diagram 6.2 while the small chain

1
faces SR,. If both must send approximately OX advertising messages

to achiese a threshold level of awareness, the large chain will

cover the population of switchable consumers and reinforce the
purchasing habits of its (larger) group of regular patrons at a
substantially lower advertising cost per sales dollar than the

smaller chain. The response functions facing firms of varying size

may also differ because advertising has cumulative as well as

current effects. It takes a long time tc build an image and get
consumers in the habit of requesting Prestone when what the need is
ethylene glycol antifreeze. In the short or medium run, the small

firm trying to expand its sales of an essentially equivalent

product through vigorous advertising runs into sharply diminishing
returns long before it has achieved the size of the

well-established sellers it is seeking to displace. What this says is
that short- or medium-run responée functions may differ between small
and/or new as compared to large firms, but it does not necessarily imply
that over the long run a newcomer cannot gain an equivalent sales volume
at comparable advertising cost if it cultivates the market slowly and

patiently. Such long-run equivalence may be ruled out as well, however,
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Diagram 6.2 Possible Advertising Response Functions for Large and
Small firms

Sales

Number of advertising messages

if more or less permanent marketing advantages accrue to firms that
pioneered some product segment, or managed through superior skill
or luck to come up with a captivatihg product image.

This overview of the advantage of size in advertising has
skipped over some potentially important tactical details. For ome,
with respect to what organizational unit are advertising scale
economies realized? For supermarket chains, advertising strives to
lure consumers into stores, but most advertising by consumer goods
manufacturers is focused on individual brands, not (the output of)
plants or firms. When threshold effects apply in the latter case,
they may have to be attained brand by brand not at the aggregate
firm level. Unless there are multibrand interactions, firm size is
largely irrelevant, Partly related questions are, how does the
array of feasible media vary with firm size, and how in turn are
costs affected by any such variations? Jewel, a Chicago area
retail grocery chain with the largest local market share, cannot
sensibly advertise on nationwide network television or in national
magazines. A & P, with a much smaller Chicago position but broader

geographical compass might.



- 109 -

(1)

2.97

Multibrand and multi-product interactions can occur if a
favourable reputation from one set of products (e.g. General
/Electric's refrigerators) spills over to other products (such as
hair dryers), or if the media offer discounts for combining a large
volume of advertising, perhaps spanning multiple brands, in one
place or time period. Discounts do exist. The New York Times, for
example, offered general contract advertisers volume discounts
ranging up to 4.5 per cent for buying the equivalent of 40 pages in
a year as compared to one

page. ...(1)

Potentially more important than such volume-massing advantages
might be the savings nationwide advertisers enjoy by purchasing
network time, which, depending upon the time of day, costs 15 to 30
per cent less than what one would pay buying the same coverage
through individual station spot messages. For regional firms, more
costly spot messages may be the only practical option. ....

For industries like brewing with high product transportation
costs, the chief advantage of nationwide multi-plant operation may
lie not so much in having a more attractive array of advertising
options as in capitalizing fully on the nationwide image one
enjoys. That is, somehow or other, certain products catch on, and
once they do, the word spreads. As with Coors beer, this can
happen even without any advertising outside one's home territory.
Once a product does gain a favourable nationwide image, that image
is an asset whose full value is captured only through nationwide
distribution. If transportation costs are high, this in turn may
require the operation of multiple decentralized plants.

Another quite different advantage of large scale is sometimes
enjoyed by the sellers of complex durable goods, especially
consumer durables. The automobile industry affords the leading
example. Most consumers are unwilling to buy a particular new car
unless they are confident they can obtain prompt, reliable service
not only at home, but wherever they may travel or migrate. This

gives the manufacturer with a far-flung, high-quality dealer

Simon, 'Issues in the Economics of Advertising', p. 148
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network a sales advantage. Establishing such a network is
difficult for the smaller manufacturer, since there are economies
of scale at the sales and service establishment level.(l) A
certain minimum investment in specialized testing equipment, tools
and spare parts is necessary.

The automobile industry provides the premier example of a
further interacting advantage of size associated with product
differentiation. Through some perverse quirk of human nature, the
average consumer is decidedly unhappy driving around last season's
assemblage of metal stampings. Body designs are therefore altered
periodically-usually with thorough going changes every three to
five years and exterior facelifts of varying extent more
frequently. This is expensive., (These development costs have been
included in the estimates of economies of scale given in Section
5.)

In summary, in at least some industries and especially in
certain consumer goods industries, there are appreciable economies
of scale in many aspects of sales promotion and product
differentiation. The implication coﬁveyed thus far is that these
advantages of size and their interactions can lead to market
concentration exceeding what is required to realize all narrowly
construed production and physical distribution economies. This is
correct, but it does not tell the whole story. The product
differentiation sword can also cut in the opposite direction.
Through successful product differentiation, smaller firms may be
able to carve out for themselves a small but profitable niche in
some special segment of a large market. Their sales volume may be
too low to confer all production and promotional scale economies,

but the higher costs associated with foregoing these advantages

(1)

On similar scale economies in servicing computers, see Brock, 'The
U.S. Computer Industry', pp. 33-37.
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may be more than offset by the price premium consumers pay for the
special product features they offer. Product innovation is one
tactic by which smaller firms can survive despite conventional
scale disadvantages.

Another strategy is to cater to some narrow geographic market
segments, or to some special consumer taste with a sales potential

too small to interest the leading firms'.

Many small firms do not sell to final consumers. For example, they
manufacture and sell machinery or instruments to other firms. Such
firms do not use the mass media for advertising. Nevertheless,many
small firms of this sort which compete with giant companies fear the
marketing advantages of large companies most. The giant companies have
much more knowledge about markets - the firms likely to use a product
and the people within firms likely to decide whether to buy it, etc.

The giant companies can afford to take a loss to gain a sale and even
give away some products. Also international companies should be able to
rapidly develop export markets for a new product. Where the product is
important for the viability of customers then the greater creditibility
and reliability of a giant company or a smaller company with a large
share of a product market may win orders against smaller competitors and

firms with a small share of a market,

Marketing and Completion of the EC

Completion of the EC will provide opportunities for economies of
scale for marketing, but economies for advertising are probably of
second order importance. Given the language differences in the EC

much of the media will remain national.
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There are, however, some potential sources of economies. For
example, the introduction of more European brands (brands sold in more
than one European country) will offer some possibilities for economies.
These brands will become progressively more important. They will
provide opportunities for spreading the costs of making adverts over a
greater audience. (This is a source of economies not included in

m

Scherer's description of economies of scale for advertising Some
advertising messages in existing media, for example, in periodicals
which are read in a number of countries, and which are wasted for
national brands will score for European brands, and new television
channels may provide efficient advertising to a number of European
countries simultaneously which will not be cost effective for
advertising national brands.

More important are some marketing costs, for example, market
research for new products, preparation of catalogues, product
descriptions,manuals for new products and other costs of informing
potential customers about new products which are an essential part of
development costs. Sﬁreading these costs over greater sales will
provide important economies in some industries. If national controls
for products are harmonised and/or centralised that too will provide a
source of very substantial economies for marketing in certain

industries. These economies relate to the output of individual products

or narrow ranges of products.

(1) Costs of making television adverts represented of the order of ten
per cent of television advertising circa 1970.
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RESEARCH AND DEVELOPMENT

Research and development expenditure effects not only the costs of
products but also the products and demand. Again, as for marketing, the
results of R & D expenditure is uncertain, programmes to develop new
products may or may not be successful, and if new products are produced
they may or may not be well received by consumers or users., Also much R
& D expenditure is in the nature of a sunk cost. A firm can sell many
types of capital equipment; there is a second hand market for machine
tools, printing machines, etc. The market for half completed R & D
projects is not so well developed, and if a firm offers a project for
sale it may lose the benefits of secrecy for its innovation. Another
feature of R & D expenditure is that in many industries innovation
created by R & D is the main key to international competitiveness for
European countries.

In this sub-section we start by considering the general
relationships between scale and research and development. The bulk of
expenditure on R & D expenditure - of the order of 90 per cent of total
industrial R & D in the UK - is for development which is product
specific. These costs were included in the estimates of economies of

scale given in Section 5.

The Sources of Economies of Scale for R & D

One source of economies of scale for R & D is simply the
requirement for a large team to develop products such as large
commercial aeroplanes. A firm with large R & D resources can devote
more staff to such a project and should be able to develop a superior

product to those of smaller firms or be able to develop the product
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faster. These are product specific advantages or economies. Aeroplanes
and cars are extreme examples of products which require very large teams
of development engineers., Nevertheless, similar economies apply to many
other products, including machinery, for which total output in value
terms is much less.

Another source of advantage for large chemical and electrical
companies such as Hoechst, ICI, IBM, AT & T, GE, Siemens, Philips and
GEC is that they have teams of R & D personnel who have and pursue
knowledge relevant to theilr industries, and apply this knowledge.

These companies have the equivalent of an internal research university.
Smaller competitors have to rely on outside sources of research
information and/or have more specialised internal research departments.
Compared to a number of smaller competitors a large company can avoid
duplication of research.

The potential sources of diseconomies of scale for R & D are that
in a large organisation, R & D personnel may not be in close touch with
marketing and production staff, and so their work may lose commercial
relevance. Commerciai motivation may be more difficult to maintain in a
large organisation. Also there are the general problems involving the
flow of, and assimulation of information and control within large
organisations., Finally the ability or talent to successfully organise,
manage and carry thorough development projects is scarce even at large

companies.
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The Importance of Research and Development

Recent technological changes which are considered in Section 8, may
on balance have favoured small scale operations, but another powerful
economic development has swamped these changes. The vast expansion of
markets since 1950 brought about by reductions in barriers to trade and
the growth of income, has given large scale producers an increased
advantage. The motor industry provides an example. In 1950, there were
five companies manufacturing standard cars in Britain, as many as in the
USA. They were secure in the much smaller UK market which was
protected. For cars and for many other industrial products, the market
is now world-wide. Other changes opening national markets have been
improvements in transport and communications. Simultaneously
industrialization in developing countries has increased competition.
Even for each of the larger European countries their markets for cars,
telecommunications equipment, chemicals and so on, are only about five
per cent of the Western world markets.

An increase in market size operates in two ways to increase the
significance of the economies of scale for spreading research and
development costs. Firstly, some firms grow larger with the market. If
there are technical or other economies of scale, firms which do not grow
with the market will be at a disadvantage. A motor company which
produces 500,000 cars a year will be competitive in a market for
1,500,000 cars a year. It will be handicapped if it competes in a world
market for 20 million cars with companies producing two million or more
cars a year. Secondly, competition intensifies as barriers to trade are
reduced, and in many industries competition focuses on the quality and

novelty of products, so product development and improvement are key
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factors for the success of companies. Development costs have to be
recovered from the sales of products to which they relate. A motor
manufacturer which can sell 500,000 of a model a year is in a much
stronger position to spend on development, than a company which can sell
only 100,000 of a similar model.

The growth of markets has not only focused attention on product
development, it has also speeded up developments. Generally there are
limits to the extent of technical economies of scale as machines and
processes have a finite capacity. 1In contrast, for many products
expenditure on R & D is relatively unlimited, so the economies of scale
through spreading these costs can extend over far greater outputs. As
firms increase development expenditure the evolution of products speeds
up. For many lines of business, product lives are less than ten years.
In the 1980's a company which develops a'new, or improved product, is
likely to havg less time in which to build its market position before
competitors produce rival products than was the case in the 1960s. This
increases the advantage of an existing giant international company which
has knowledge of, and access to, world markets.

It is easy to claim that markets have expanded with the reductions
in trade barriers. In reality the changes are complex. International
differences in consumer tastes and preferences have not disappeared.
Many products have to be adapted to the special features of demand and
requirements in each country. To give an obvious example, air
conditioning of cars is essential in some markets but not others. Also
governments, companies and consumers favour suppliers in their own
country for all sorts of reasons. Local suppliers may provide a more

reliable service and, directly or indirectly, create demand for the
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products or services produced by their customers. In some countries
nationalistic practices and sentiment may be stronger than in other
countries and such barriers to free markets are much more difficult to
eliminate than tariff barriers. Again, the differences in national
markets and preference for national firms provide giant multi-national
companies with a potential source of advantage. They will be familiar
with, and have experience of operating in, different markets. If they
have manufacturing operations in a country, that may enable them to
market imported products or components more readily.

There are two other effects of the increase in the size of markets.
Firstly, firms can grow but still be disciplined by the market. Most
giant industrial companies face intense competition in international
markets. Secondly, the rewards for innovation as well as the costs of
product development have increased. A company that can launch a new
product - drug, machine, computer -~ on world markets obtains far greater
sales and profits than a company limited to a small domestic market.

A possible argument to refute the importance of R & D might be that
total expenditure on R & D is small in relation to total costs. TFor
Germany, France, UK and Italy expenditure on R & D averages about two
per cent of GDP. The percentage is larger for manufacturing - R & D
expenditure represents six per cent of value added by UK manufacturing
industry. However the main point is that these statistics underestimate
the significance of product specific expenditure. Official estimates
of R & D expenditure do not include much of the design and product
specific marketing expenditure undertaken by firms. Nor do they include

the loss of production when a new product is introduced.
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Scale and Research and Development - The Evidence

If, as suggested, the spreading of research and development costs
is an important source of economies of scale, there should be evidence
to support the claim., The relationship between the size of companies
and innovative activity has been studied intensively but the various
dimensions of scale have not been clearly differentiated in much of this
research,

There is some evidence that organized research and development
activities do increase with the size of companies, large companies spend
proportionally more on research and development and that R & D
programmes are highly concentrated. Twenty firms account for about a
half or more of R & D expenditure in each of the Western industrial
countries, There is no evidence that the productivity of research
expenditure increases with the scale of companies. Indeed the evidence,
for what it is worth, points weakly in the other direction, towards
diminishing productivity. However, the studies are not conclusive
because of the difficulty of measuring the output from research and
development effort. The main measures which arevused by respected
scholars are numbers of significant technological innovations achieved
and the numbers of patents obtained. Both are seriously flawed as
measures of output. The value of individual innovations and patents
varies greatly. Also the measures do not provide a guide to the use
companies are able to make of innovations or patents; a principal
advantage of a giant company may lie in its ability to fully exploit an
invention. Even more important is the fact that much development
expenditure (perhaps more than half of all expenditure) is not aimed to

create innovations or patents but to develop improved products with
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known technology. In any case, the result that R & D expenditure and
the effectiveness of R & D is not closely related to the size of
companies would not be surprising when the analysis relates to all
companies. 'The major source of variations in research intensity

(1)

between firms is the industry concerned'. Some large companies,
including large motor car manufacturers which spend heavily on R & D,
are not searching for new products. Much, if not all, of their R & D is
devoted to improving their existing products. Many small firms are set
up to exploit ideas for new products, and the proprietors of many small
firms are continuously searching for ideas for new products and markets,
The estimates of the effects of spreading development costs
included in Section 5 relate to individual products and narrow ranges
of products. Research to assess the relationship between scale and
research and development expenditure at this level of disaggregation are
scarce. Research at an industry group level suggests that in some
trades small firms do contribute to innovation. These include
machinery, instruments, electronics, clothing and footwear.(z) The
safest conclusion is that existing research does not provide conclusive

results on the advantages of large companies for research and

development. It does not disprove the common sense notion that a

(1) F.M. Scherer in 'Innovation and Growth - Schumpeterian
Perspectives', MIT Press, Cambridge, USA, 1984, C. Freeman in 'The
Economies of Industrial Innovation', London 1982 and Kamien and
Schwartz in 'Market Structure and Innovation', Cambridge, 1982,
report the state of research on the relationship between corporate
size and innovative activity.

(2) C. Freeman, 'The Economics of Industrial Innovation', London, 1982,
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company with a larger share of a market than its rivals for a
technically sophisticated product has an important though not
necessarily decisive source of advantage in being able to spread

(1)

research and development costs over a larger output.

Research and Development and Completion of the EC.

Completion of the EC will provide a number of opportunities for
economies of scale for research and development. The principal source
will be for firms to spread product specific development costs over
larger output of products and/or to speed up development. These
economies were included in Section 5. In addition as larger firms
emerge within the EC there will be potential economies from reducing
duplication of both research and development which will make it possible
to use R & D resources more efficiently. As R & D personnel are one of
the principal scarce resources for creating new industry and jobs in the
EC this increased efficiency would be doubly significant as it would
release resources which could have a multiplier effect on employment

elsewhere.

(1) F.M. Scherer in 'Innovation and Growth - Schumpeterian
Perspectives', MIT Press, Cambridge, USA, 1984 and C. Freeman in
'The Economies of Industrial Innovation', London 1982, report state
of research on the relationship between corporate size and
innovative activity.
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RISK TAKING AND THE COST OF FINANCE

The advantages of a large company with a large share of a market
for development are not only the greater resources at its disposal and
its scope for employing more specialists. Within large companies
development work is carried out by teams of scientists, engineers and
craftsmen, and the teams are often quite small. The increasing
importance and pace of development has increased risks. While it is
true that an entrepreneur managing a small firm may be willing to take
immense risks because he is particularly knowledgeable and in a position
to assess the chances of success, or, in some cases, because he is
simply unaware of the risk; large companies do have advantages in risk
taking. Firstly, they can spread their risks; they can take on a number
of projects and if some fail, or absorb more resources than expected,
this need not jeopardise.the future of a large company. This advantage
of large companies reflects a market failure. Development of new
products 1is risky but it is not possible for a firm concentrating on one
or a small range of new products to insure to cover these risks.

Another source of advantage is that a large company may have access to
more information about technology, markets, and strategies of rivals
when deciding whether to take on a project.

Riskiness and the cost of finance are related. A large company
which can spread its resources over a number of individually risky
projects may expect to be able to obtain finance at a lower cost. Its
shares may trade at a lower yield on the stock market, and it will pay a
lower rate of interest for loans. The difference in interest rates for
the smallest and giant companies is about four per cent.

The fact that the shares of many small hi-tech companies are on
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very low dividend yields does not wholly disprove the link between
equity yields and size of companies. Clearly investors may achieve a
spread of risks by buying shares in a range of small companies.

However, the problem for small companies is the availability, and very
high cost of finance when they encounter a crisis. A large company with
diversified risks may be able to carry a few failures, and is able to
move resources within the group. This difference may reflect another
market failure. The top managers of a large company may be able to
assess the possibilities for recovery of one of its operating businesses
more accurately than independent shareholders or financiers assessing
the prospects for a small company beset by a crisis. The top managers
of a large company will have more information than the indep;ndent
shareholders of a small company when taking decisioms.

The advantage of small firms for risk taking is that their managers
are under greater pressure to make the right decisions about which
options to take. Also the managers taking decisions may have better
information, for example, they may themselves deal with customers and be

familiar with production and development.

MANAGEMENT
Economists have long seen management as the main source of
diseconomies of scale and the limitation on the optimum scale of firms.
For example, EAG Robinson concluded the 'problems of management in
certain contexts set an upper limit to the optimum size of the closely

' (1)

integrated production unit. Scherer states boldly that 'it is much

(1) E.A.G. Robinson 'The Structure of Competitive Industry', Cambridge,
1958, p. 49.
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harder to manage a big plant than a small one, all else being equal'.(l)
Peters and Waterman have claimed that 'the excellent companies
understand that beyond a certain surprisingly small size, diseconomies

(2)

of scale seem to set in with a vengeance'. The source of
diseconomies they describe are problems of management, organising
operations and motivating employees.

Robinson stresses the inter action between 'change' and management.
'If change is not required, I should not be inclined to stress the
difficulties of managing the very large resulting concern, so long as it
remains engaged in continuous and unvaried production'. Again cement
plants provide an example of unvaried production, though they have to
contend with varying demand., The argument of this section has been that
the pace of change and in particular the rate of evolution of many
products has increased, reinforcing the importance of management. The
stress placed on the 'management of change' in management schools and
literature show that the problems are recognised.

0.E. Williamson has analysed management relationships in a series
of major studies, and provides case studies to illustrate his

(3)

theoretical analysis., So far, however, it has not been possible to
quantify the relationships between scale and the costs and effectiveness

of management, and specify an MES scale of management. In part this

(1) F.S. Scherer, 'Industrial Market Structure and Economic
Performance', Chicago, 1980, p. 85.

(2) T.J. Peters and R.H, Waterman, 'In Search of Excellence', New York,
1981, p. 112.

(3) O.E. Williamson, 'Corporate Control and Business Behaviour',
Englewood Cliffs, 1970 and 'Markets and Hierarchies', 1975.
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reflects the fact that the ability of individual managers to manage
large organisations varies, the ease of managing different types of
operations varies and there may be international differences in the
difficulty of managing large organisations. The competitiveness of some
giant companies such as IBM, Toyota, Boeing, Siemens, etc shows that the
problems of managing very large organisations and motivating employees

of large organisations are surmountable.

ACCOUNTING RATES OF RETURN

I1f large companies have general advantages and benefit from
economies of scale, it might be expected that rates of return on assets
would be positively related to size. There are all sorts of
qualifications to using such teéts. Large and small companies operate
in different trades and/or may produce different products if they are in
the same trade. They may pay different prices for factors of production
and there may be differences in the accounting methods companies use
systematically related to the size of companies.

For what they are worth, studies indicate that for US companies,
rates of return on assets are positively related to scale measured by
total assets but that the relationship is a weak one(l). For the UK,
the results of tests indicate a negative relationship but 'it is
unlikely that size will have an appreciable influence on ...

profitability'.(z)

(1) G.L. Salomon, 'Accounting Rates of Return', American Economic
Review, 1985, p. 495,

(2) A. Singh and G. Whittington, 'Growth, Profitability and Valuation,
Cambridge, 1968, p. 67.
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CONCLUSIONS ON ECONOMIES OF SCALE FOR FIRMS

The a priori analysis and the review of evidence of the economies
of scale for firms given in this section and the studies of company
profits do not lead to any simple rules such as '"the bigger the better"
or "small firms are best". Nevertheless a range of potential sources of
economies of scale for firms is identified. This suggests that in
manufacturing trades where all the leading EC companies have lower
output than their Japanese and US counterparts this must be a prima

facie cause for concern.
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Section 7. Other Evidence on the Economies of Scale

Ideally economists would measure the contribution of economies of
scale to productivity and growth as accurately as scientists measure
physical forces. That is not at present possible; assessing the
contribution of economic forces is more akin to the practice of lawyers
sifting evidence. Fortunately there is a wide range of evidence which
corroberates the 'engineering' estimates indicating large economies of

scale.

International Comparisons

Productivity in the US

Trade 7.1 shows two comparisons of output per person in
manufacturing industries for the US and European countries. Both
comparisons were made by the National Institute of Economic Research
which has made thorough studies of international differences in labour
productivity. The Institute claimed that the first column 'extracted
from the many in the papers (in their special productivity issue) can
perhaps be taken as indicative of the central findings'. The tables
referred to showed estimates of output per person based on PPP. The
National Institute has also made some comparisons of output per person
for certain industries based upon measures of physical output. The
second column shows an up-dated comparison.

Labour productivity for manufacturing industries is shown to be 50
percent higher in the US than in Germany in 1986. It may be that this

estimate exaggerates the difference in productivity because insufficient
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(1) Also the

allowance is made for the high quality of German products.
much higher US productivity is not consistent with its weak
international trade performance for manufactures. Indeed the weak
export performance of some US industries, including steel (compared to
Japanese firms), motors (compared to Japanese and European car and
truck manufacturers) and telecommunications (compared to some European
producers of telecommunications equipment) in which, circa 1960, the
leading US companies were far larger than their international rivals
cautions against exaggerating the significance of economies of scale
compared to other factors, wage levels, efficiency, technical progress,
design and quality, which affect international competitiveness.
Nevertheless US productivity is higher than the German level and it
seems unlikely that differences in education and training acccunt for
the difference because German standards of education and particularly
industrial training are reckoned to be high relative to other countries.
Nor do differences in investment account for the difference in labour
productivity. The main potential economic explanation is the advantage
the US still obtains from its larger fully integrated market via
economies of scale. The evidence does suggest that the scale of US
firms, plants and outputs of products are greater than in Germany for
most though not all industries. A knowledgeable American industrial

economist suggested that an alternative explanation to America

benefiting from greater economies of scale. He claimed that American

(1) It is difficult to make international comparisons of productivity
for Germany's important mechanical engineering industry because of
its wide range of specialised products.
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workers, on average, work harder than their German counterparts.(l)

Table 7.1 International Comparisons of Labour Productivity for
Manufacturing Industry for 1980 and 1986

Output per Output per hour
employee 1986
1980

USA 100 100
Germany 50-59 67
France 60-65 69
Italy 50-54 58
U.K. 33-36 37
Belgium 60-65 58
Netherlands 76-83 77
Japan 66

Source: National Institute Review August, 1982, p. 11, and May, 1987,

p.
73.

Japanese Comyétition

The source of the most severe competition for some important
European industries is Japan. Again the Japanese market is much larger
than any single European national market. Japanese manufacturing
industries seem intensively competitive. There are a significant number
of Japanese firms competing in most markets. Generally there are more
firms producing each group of products than in any one European country

but far fewer than in Europe as a whole. The international competition

(1) 1In 1960 Professor Jenkes suggested the same possible explanation
for differences in productivity between America and Europe. E.A.G.
Robinson, ed., 'Economic Consequences of the Size of Natioms',
London, 1960, p. 342.



- 129 -

2.117

for European firms generally comes from large Japanese firms. Even in
industries where some of the Japanese competitors are smaller firms as
in mechanical engineering, they are often supported by the giant
'Zaibatus', and their exports are channelled through trading houses.

The mainspring of Japanese industrial competitiveness has been the
rapid assimilation of technical advances into products and for
production processes. Another feature of Japanese competitiveness is
that it is spearheaded by a small group of products for which there is a
mass market. In 1986 cars accounted for 16 per cent of Japanese exports
to the UK; trucks and vans, two per cent; parts for cars, trucks and
vans, three per cent; motor cycles, one per cent; colour t.vs, one per
cent, video recorders, three per cent; radio equipment, two and a half
per cent. For each of these products some Japanese firms have greater
output than European producers. In recent years Japanese competition
has been led by very large organisations including Japanese motor
vehicle and electrical companies which through control of their large
home market and their exports to overseas markets have much larger
outputs of many products than their European rivals. The strength of
Japanese competition corroberates claims that the economies of scale are
substantial and significant for competition.

An expert on Japanese industrial policy suggested in discussion
that MITI is now less concerned with economies of scale than in the
earlier post-war period. Earlier policies for concentrating the steel
and motor industries had operated. MITI's more relaxed attitude towards
economies of scale reflects the fact that Japanese firms in many
industries are now among the largest in the world. The reduction in

trade barriers- has given Japanese firms access to world markets. In
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the 1980s MITI recognises the importance of fierce inter firm
competition. Recent changes in exchange rates have led Japanese firms
to adopt survival strategies. These strategies result in firms
transferring some manufacturing operations overseas to take advantage of
wages lower than those in Japan. These moves reduce the scale of some

manufacturing operations in Japan.

Sweden & Switzerland

Sweden and Switzerland, two smaller European countries, have
achieved high levels of labour productivity and output per head of
population by world standards. Superficially their success conflicts
with the evidence for the existence of large economies of scale. 1In
fact, Sweden's industrial performance supports the view that there are
large economies of scale. Since the development of the Swedish Match
Corporation in the C19th, Swedish iIndustrialists have been aware of the
economic handicap imposed by the relatively limited size of their
domestic market, and the opportunities available through exports and
foreign investment to compensate for this. SKF, Alfa Laval, Atlas
Copco, Ericsson, Sandvik and Electrolux are international companies
which have reaped economies of scale at their Swedish plants through
control of overseas markets by investing in other countries particularly
the major industrial countries. Foreign investment has also played an
important role in the development of Swiss manufacturing industry.

Again there are alternative explanations of Swedish and Swiss
industrial competitiveness. The high quality of education and

industrial training contribute to this.
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Corporate Strategies and Practices

Take overs

The strategies adopted by companies are generally consistent with
the view that economies of scale in manufacturing industries are
substantial and that the costs and effectiveness of administration and
management do not necessarily rise with horizontal increases in scale.
Throughout the post-war period there have been waves of horizontal,
conglomerate and cross border mergers and takeovers. There are
alternative explanations for these takeovers but they are comnsistent
with management perceiving scope for achieving economies of scale
through growth by take overs.(l)

If it could be shown that mergers generally led to increases in
efficiency that would provide further support for the theme that scale
economies are large. In fact the results of studies of post-merger
performance are not clear cut. Many reviews have been made of these
studies and it is outside the scope of this report to delve into this

(2)

muddy area of applied economies. One piece of information the author
of this report can add is, however, relevant to this review. Many of
the studies of post-merger performance have used UK data from published
accounts. These studies distinguished horizontal and conglomerate

mergers, where horizontal mergers were defined as mergers between

companies within the same industrial group or branch of manufacturing

(1) The alternative explanations are that management want to take over
competing firms to eliminate competition or simply to control more
assets.

(2) The most recent review is by Brian Chiplin and Mike Wright, ‘The
Logic of Mergers', Hobart Paper 107, London. 1985,
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industry. This is a very broad definition; it means that two firms
making any food products which merge are considered a horizontal merger.
The same definition was used in a recent American study of post-merger
profitability. The author made a survey of these so-called horizontal
mergers in the UK and found that only about ten per cent were between
companies for which there would be substantial scope for obtaining any
technical economies of scale in production or for spreading the
development costs of products. In 90 per cent of cases the products
made by the merging companies were too distinct. Thus, even if average
post merger profitability for widely defined horizontal mergers does not
increase this is not evidence that there are no economies of scale for

products.

Sourcing components

Vehicle and other companies generally source (buy) each component
from one or a very small number of suppliers. Many companies recognise
that single sourcing provides lowest costs via economies of scale. The
main reason for dualAsourcing where it occurs is to secure alternative

supplies and/or to provide a check on quality and prices.

Rationalization

Particularly during recessions, firms rationalise their production
facilities. Firms rationalize their production facilities because they
develop or acquire excess capacity, intensified competition or because
they reckon they will cut costs and increase their profits. Although the
author is not aware of any comparative studies of rationalisation, the

pattern of most schemes is to concentrate production. There is no
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evidence that when firms are faced with a need to cut costs they rarely

()

divide production. This suggests that there are no effective
managerial diseconomies of scale for increasing production of a limited

range of products at an establishment.

Focusing Businesses

A fashionable management practice during the 1980s has been for
large companies, especially large UK companies, to focus their
activities on a small number of businesses in which they consider they
have, or can achieve a competitive advantage. To achieve the focus,
other activities are sold off and the businesses retained are often
expanded by acquisitions., This practice is consistent with the
existence of economies of scale, There are of course, other possible
motives for the practice such as achieving large market shares for their
monopoly advantages.

Another feature of management practice is to delegate management
responsibility for distinct activities. This suggests there are
management or other diseconomies of scale for bundling together under a

single operational management, activities of a distinct nature.

(1) A recent example of a move to divide production was General Motors'
decision to give its US car divisions greater control over their
supply of components. Previously component production had been
highly concentrated to take advantage of the economies of scale.

In recent years these economies of scale had been offset by the
higher wages per man paid by General Motors at its component
manufacturing units compared to the wages paid by independent
component manufacturers.
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The important point suggested by corporate strategies and practices
is that the costs and effectiveness of management does not impose

increasing costs as horizontal scale is increased.

The use of Census Data to estimate the MES and the Economies of Scale

Lyons

Bruce Lyons has proposed a neat method of estimating the minimum

(1)

efficient scale of production. In effect he argues that if a firm
operates more than one plant then its output exceeds the minimum
efficient scale of a plant. From a distribution of the number of plants
operated by firms in size groups, he estimated the minimum efficient
scale of production for plants..

Lyons recognised that there are qualifications to his method of
estimating the MES for multi-product industries. TFirms may operate more
than one plant because they make a number of distinct products not
because they have exhausted the economies of scale for any one product.
All census trades are multi-product trades. Nevertheless Lyons'
estimates are of interest because they draw attention to the great
number of small plants. He analysed 118 tradés. For 105 trades his
estimate of the MES was below 250 employees, for ten it was between 250
and 500, for one it was between 500 and 1,000 and for two trades it was
above 1,000. Lyons' estimates indicate that many small plants are
efficient, but his estimates are not inconsistent with there being
technical economies of scale for large plants in segments of trades.

For example, the existence of small plants making fasteners for cars or

(1) Bruce Lyons, 'A New Measure of Minimum Efficient Plant Size in U.K.
Manufacturing Industry', Economica Feb. 1980.
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replicas of vintage cars is not inconsistent with economies of scale for
large factories at which standard cars are assembled.

Lyons acknowledged that his method provides estimates of the MES
for only one dimension of scale, the size of plants, It does not

estimate the economies of scale for products, production runs or firms.

Griliches & Ringsjad

The limitations to using Census data as a source for estimating the
economies of scale are again illustrated by an elegant study made by Z.

(1)

Griliches and V. Ringsjad. Although their "principal finding is the

", their estimates of scale

evidence for increasing returns to scale ...
coefficients imply generally small economies of scale for establishments
in manufacturing and mining industries. This conclusion

is reinforced by the fact that their study is based upon Norwegian data,
and establishments in Norway are smaller than in the larger industrial
countries. However, the results may not apply to industry in other
countries Norwegian industry is concentrated on some industries for
which economies of scale are limited, for example, food and fish
processing and sawmills, where the manufacturing processes are
relatively simple and the transport costs involved in concentrating
production would be high., The Norwegian market is relatively small, so
Norwegian firms have not developed industries, such as motor vehicles,
requiring large scale.

Griliches and Ringsjad obtained their estimates of the economies of

scale by fitting data for 5,361 individual establishments to a Cobb

(1) 'Economies of Scale and the Form of the Production Function’',
Amsterdam, 1971. This study was up-dated by V. Ringsjad in the
Swedish Journal of Economics Vol. 80, 1978, No. 3.
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Douglas production function. Their tests show that the estimates of
scale effects are not very sensitive to the specification of the
production function. Their main measures of labour input are in terms
of hours worked at prevailing wage rates and for fixed capital,
insurances values.

The economic interpretation of a scale coefficient for data for
establishments drawn from all of Norwegian manufacturing industry is not
clear. 1In effect small businesses making, for example, bespoke products
or breaking bulky consignments and repacking, are compared with paper
mills making newsprint and bulk chemicals. One would expect approximate
equality of value added per unit of (weighted) inputs across this
spectrum. The scale coefficient perhaps measures the effects of the
greater barriers to entry in the.trades with large plants. On a more
positive note, the estimates do indicate that large is not imevitably
best. If large establishments were much more efficient than small ones
whatever the combination of products produced in the large
establishments, Norwegian industry would be organised with fewer small
units and the scale coefficient would be larger.

The authors also provide estimates for individual industries. But
many of these industries are amalgamations of different trades (subject
to varying market conditions in 1963). For example, besides grouping
pulp and paper mills together, small mills making high quality special
papers are grouped with large mills making newsprint and packaging
paper. The problems of comparing different kinds of business applies
within many industries as well as to all manufacturing. The authors

recognise this problem. They also recognise other sources of
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qualifications which may bias the results to an unquantifiable
(1)

extent. .

Baldwin and Gorecki(z)

The attempt by Baldwin and Gorecki to measure the economies of
scale from Canadian Census data 1s the most ambitious so far. They
focus on the results obtained by fitting data for Canadian manufacturing
establishments in 1979 to a Cobb Douglas production function. Again
their results indicate that economies of scale apply. Their results
indicate that the increase in unit costs for each halving in the size of
establishments would be about ten per cent. They also fit data for
each industry to a Cobb Douglas production function. The median result
for estimates for individual industries also indicates that unit costs
would rise by about ten per cent with each halving of scale. These
results suggest larger economies of scale than the estimates made by

Griliches and Ringsjad using Norwegian data. Their estimates indicated

(1) The authors admit that '"there is a great deal of variability in
their micro-data which is not explained by the variables at their
command'. They say that the bias 'is just as likely to result in
estimates that are too low as too high'. They do not examine the
economic justification for this claim. Where large economies of
scale exist small establishments will have been forced out of
business or the value of their capital stock will have been
lowered. (The use of insurance policy replacement values may not
get around this problem of valuation because values may in part
reflect expectations of profits. For example, a firm might not
insure at full replacement value if it would not replace a small
scale unit in the event of fire because a new plant would not be
profitable at full replacement cost). The authors mention the
likelihood that if economies of scale exist prices of the output
of large establishments could be lower.

(2) John R. Baldwin and Paul K. Gorecki 'The Role of Scale in Canada-US
Productivity Differences in the Manufacturing Sector', Toronto,
1986.
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that costs would rise by about four per cent with each halving of scale.
However both sets of estimates are qualified for the reasons outlined.

Baldwin and Goreckl give estimates of scale coefficients for
industry groups in their Table 4.,1. Industry groups were ranked
according to the scale coefficients calculated for 1979. There was a
weak correspondence with the ordering given in table 5.3(b); the rank
correlation coefficient was 0.09. The Baldwin and Gorecki estimates
showed clothing manufacture, knitting, leather and textiles to have low
economies of scale, similar to the assessment based on industry studies.
Chemicals were ranked fifth; printing, sixth; and paper, seventh. But
tobacco was ranked first; non-metallic mineral goods, second; and food
and beverages third, much higher positions than in Table 5.3(b) and
machinery was lower at fifteenth. Apart from tobacco these industry
groups include a very wide range of products. The estimated scale
coefficients may reflect differences between sub sectors of these
industry groups not the existence of economies of scale for firms making
similar products.

Studies of Costs and Prices

Owen

Nicholas Owen has used price and cost data to check engineering
estimates of the economies of scale for the car, truck and consumer

n

durables industries. Owen shows there was a decline in real costs
per car through time as European car producers increased their output.

The average reduction in costs was in line with the expected effects of

(1) Nicholas Owen, 'Economies of Scale, Competitiveness, and Trade
Patterns within the European Community', Oxford, 1983.
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increasing scale based on engineering estimates of the economies of
scale., However, the reduction in unit costs estimated by Owen was
attributable to technical progress as well as scale increases. For the
other industries Owen studied, cost data did not conflict with

engineering estimates of the economies of scale.

Conclusions

International comparisons and the conduct of industrialists
supports the view that there are economies of scale where scale is
increased horizontally and that the costs and effectiveness of
management do not impose a limit on these economies. The results of
studies based on census data costs and prices certainly do not conflict
with the existence of economies of scale, but the quantitative estimates

produced by these methods are marred by serious qualifications.



- 140 -

2.128

Section 8. The Resurgence of Small Firms

Mrs. Thatcher's origins as the daughter of a one-shop grocer and
her promotion of small and new businesses have drawn attention to the
role of small businesses in Britain. Other reasons for the current
emphasis on small businesses in Britain are that the small business
sector accounted for relatively less output in Britain than in other
developed industrial countries by the 1970s, and high levels of
unemployment,

The extent to which small businesses in Britain have outperformed
larger firms in terms of the growth of employment is, however, not
settled. The collection of statistics for small businesses is not
comprehensive and estimates of employment and changes of employment in

(1)

small businesses are unreliable. Nevertheless there is strong
evidence that small businesses in the USA are an important source,
perhaps the main source, of net new jobs in recent years and that the
decline in the proportion of people who are self-employed has been
reversed.(z)
The resurgence of, and emphasis on, small firms is common to the
developed industrial countries. Superficially at least this trend
counters the view that the economies of scale are large. 1In this

section the paradox of the resurgence of small firms and the existence

of large economies of scale is considered.

(1) P.E. Hart, 'Job Generation and Size of Firms', National Institute
of Economic and Social Research Discussion Paper No. 125.

(2) David M. Blau, 'A Time-Series Analysis of Self-Employment in the
United States', Jnl. of Pol. Econ. June 1987. Blau refers to
evidence of the reversal of the long-run declining trends in
non-agricultural self-employment.
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Technical Change

It is clear that in the many important industries including steel,
automobiles, and engineering, technical developments such as the
speeding up of processes, new techniques for shaping metal, the
substitution of electronic for mechanical devices, the use of plastic
instead of metal components and the introduction of computers and robots
have greatly increased labour productivity. These changes have
certainly reduced the number of employees required to produce a given
output of many products. They have also reduced the MES of plants in
many industries where the size of plants is measured in terms of numbers
of employees, but this is an unsatisfactory measure in any case. These
changes have not necessarily reduced the economies of scale for large
outputs of products.

Technical change has worked in both directions. Numerical control
of machine tools has reduced the cost penalty for producing repeated
short batches of machined products and so reduced costs for firms which
produce small batches. It has been argued that numerical control and
computer aids for production also aid small firms because small firms
are more flexible and have more informal management systems. In
particular there is less polarization within small firms between
operators and specialists such as programmers. The introduction and
efficient use of numerical control and computer aids to production is

09

facilitated by flexible working arrangements. At the same time
computer stock control systems, computer aided design, and the use of

computers for production control have reduced the costs of small batch

(1) A. Sorge et al. "Microelectronics and Manpower in Manufacturing'.
Berlin, 1983.
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production at large plants. For example, one of the handicaps of a
large footwear factory producing a range of styles, sizes and fittings
is the problems of organising production to fully utilize capacity.
Computer systems provide firms with an important aid for organising such
production efficiently.

Generally the substitution of plastic for metal components has
reduced the economies of scale for products, but the substitution of
plastic for leather and wood has tended to increase the economies of
scale for producing large outputs of products because the quality of
synthetic materials is more standardised and this facilitates cutting
etc. Computer type setting has reduced the scale of operations required
for type setting for books to the point where outworkers are used. On
the other side, economies of scale for non-woven fabrics are generally
greater than for woven fabrics which they are replacing. Also the
manufacture of carpets by tufting in place of weaving has increased the

economies of scale in that trade.

Faster Technical Development

The explosion in technical development has presented many
opportunities for the invention of radically new products and processes.
Many of these inventions have been pioneered by small and new firms.
Throughout industrial history there has been a tendency for many
existing and new firms to enter new industries. One relatively new
source of advantage for some of the small firms in the engineering/
electrical/instrument industries is that they have skilled staff who can
develop efficient software to control the operation of the machines or
instruments. This is critical for the development of many products in

these trades. Of course, large firms have software experts and
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consultants can be hired, but shortages of these skills limit the range
of products for which large firms compete and this leaves gaps for small
firms to exploit. For some new products made by small firms the UK
market alone is too small to achieve competitive scales of production.
This applies to other EEC countries. The firms have to export into
foreign markets to increase output and move along the scale curve for
their products. The hand calculator and domestic computer markets
provide obvious illustrations of this point. The UK market did not
enable firms in these trades to achieve the scale necessary to reap
sufficient economies of scale to be competitive with Japanese and
American producers. In some segments of trades the domestic market is
sufficient because, so far, foreign firms have not attempted to compete
or domestic buyers, such as universities when buying instruments, prefer

to buy locally.

Increase in the Qutput of Skilled Staff

Technical change may have worked in a different way. The merging
of national markets and speeding up of technical change have combined to
increase the value of the output of those employees who can affect the
international competitiveness of firms. The return for developing and
marketing new products is increased by the enlarged market to which the
products can be sold, and increased competition in developing new and
improved products puts pressure on firms to innovate and introduce more
new products.

The output of skilled staff may have increased, but the pay
structures of large companies are rather rigid and in many cases it is

difficult for large firms to target increased pay to the staff
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responsible for new developments to fully reflect their contribution.
Also large companies do not give their employees a major share of the
property rights in the innovations they create. Skilled staff set up
their own firms in order to identify and secure a higher proportion of
their output. The incentive to do this has increased with the increase

in the output of the skilled staff.

Economic Forces

The emphasis on small firms does not reflect technical developments
alone. Demand for the products of the motor vehicle and domestic
appliance industries which are dominated by large firms and economies of
scale have reached maturity in European countries. The slowing growth
of these industries has been further depressed by intensified
international competition. In part the focus on small and new firms is
to replace the growth of these mature industries.

Another development which has transferred employment from large to
small firms is the move by many large companies to focus their business
and operations on products and processes for which they have a
competitive advantage. One aspect of this process is to buy out
services and manufacturing operations from other firms instead of
performing the services in-house. This trend has been reinforced by the
perceived need of managers to increase flexibility to meet fluctuationmns
in total demand and changes in demand for products. Also the recession
circa 1980 led managers to search for ways of reducing costs, and buying
out reduces overhead costs such as commitments for pensions and may free
firms from labour restrictive practices and wage and other agreements

with trade unions. The increasing importance of information or
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knowledge services for firms may have led them to look for more
efficient ways of procuring the services. Earlier hiring experts as
full-time employees was not too expensive. WNow with the increase in the
relative salaries and the proliferation of the expert services a company
requires because of faster technical progress and the integration of
national markets, it is important to hire experts in the most efficient
way, which may be from an independent business. In this way
fluctuations in demand for experts from individual firms through time
may be evened out and expert knowledge may be selected for tasks more
precisely. Finally once a market for firms supplying expert services
develops, the firms supplying the expertise may have the advantage of
wider experience than the internal experts of firms. Increases in
unemployment have weakened the bargaining position of trade unions, but
the wages paid by most firms have continued to rise. Buying out
services may in effect enable firms to reduce wages because the
employees of the firms from which goods or services are bought pay lower
wages.

Examples abound; many companies buy out computer software and the
services of consultants, instead of employing specialised staff, and at
a more mundane level use contract cleaners instead of employing
cleaners. Some firms have also increased the manufacturing operations
they buy out. Firms now buy out steel, castings, and machining
operations which earlier they made or performed in-house. These trends
have certainly opened opportunities for many small, new and specialised
firms. They do not, however, reduce the real economies of scale for

products.
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The growth of international trade has changed the competitiveness
of both small and large firms. Perhaps the main advantage for small
scale firms in manufacturing industries from the growth of trade is that
they can buy components from suppliers in other countries. This often
takes away the scale advantage of larger domestic manufacturers who
could make the components in-house on a large scale. The small firms
use the scale advantage or low costs of suppliers in other countries.
On the other side only large firms with an International marketing
network may be able to gain a large enough share of world markets for a
new product to be competitive. But again a small firm may be able to
market its products in other countries in collaboration with a large

company with an international sales network.

The "Cambridge Phenomenon'

The technical and economic forces listed have contributed to the
mushroom growth of small firms in the Cambridge area since 1970. Many
of the firms provide consultancy services; firms which make hardware buy
out components from fhe UK suppliers and buy many important components
overseas. The new products and services they supply to niche markets
result from technological developments. These rather obvious points are
listed because they lead to another explanation for the 'Cambridge
Phenomenon' which has been given wide publicity. Success leads to
success. Employees of small and new firms serving niche markets learn
how it is done and themselves set up new firms. Amn infrastructure of
firms supplying the new firms with a great range of services and finance
emerges and facilitates the growth of more new firms. 'Agglomeration

economies no longer result from manufacturing in a single industry such
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as cotton or steel, but relate to the output of a highly skilled
research, development and production-oriented workforce that can adapt
(1)

to totally new technical innovations and production concepts'.

Purchases of a Leading UK Manufacturing Company.

To check on the conclusions of this section the director of a
leading UK manufacturing company responsible for buying was asked if
he had noted any shift towards buying from smaller firms. He answered
with the comments

'There has not been any detectable transfer of business from
large companies to small ones, but some of the new products such as
software and consultancy are bought from very small organisations’.

"The company has been following a policy of supplier
reduction. The idea is that a smaller number of companies enjoying
higher volumes will be better able to afford the research and
development, the investment and the introduction of new production
and management systems that are necessary to meet our quality and
productivity objectives'.

'So, alongside the industrial giants we have always done
business with,are hundreds of companies with employment levels
measured in hundreds and sometimes tens. These small companies are
more numerous in the provision of services to our offices and
factories, such as cleaning, construction maintenance and low

volume quick service engineering products'.

Conclusion

In brief, the resurgence of small firms is not evidence that the

economies of scale have disappeared or even diminished. For the most

part the estimates of economies of scale for technical and development

costs given in Section 5 stand. New and small firms have not made

(1) R. Oakey, 'High Technology and Small Firms' London, 1984.
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inroads into the markets for cars, advanced aeroplanes, tractors, or
combines. They have developed some new products and have found some

niches in markets.
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Section 9. The Community's Exports of Manufactures and the Economies of

In this section the pattern of the EC's export trade is related to
the estimates of the economies of scale reported in this survey.

Table 9.1 records the distribution of value added, production and
exports by EC manufacturing industries. The final column of the table
shows the ordering of industry groups according to the magnitude of
economies of scale developed in Table 5.3(b). The ordering is intended
to give a general indicator of the importance of the economies of scale
for industries.

The unweighted average indicator of scale for industry groups is
10.5. When value added by industry is used as weights for the economies
of scale indicator, the average is 8.8. This variation from the
unweighted average is explained by some of the industry groups such as
leather and leather goods with relatively small economies of scale
having relatively small output. Motor vehicles for which scale
economies are largest has a larger than average weight.

The weighting by exports is more interesting. When the scale
indicators are weighted by 'Extra Community Exports', exports to
countries outside the community, the average falls from 8.8 to 7.4. For
'"Intra Community Exports' the weighted average was 7.8. Another
statistic used to illustrate the relationship between the variables
included in Table 9.1 is the rank correlation coefficient. The rank
correlation between extra community exports and scale,0.64,is shown to

(1)

be closer than that between value added and scale, 0.47. The

(1) The industry with the greatést value added is ranked 1, the
industry with the second greatest value added is ranked 2 and so
on.
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correlation between the magnitude of value added and the economies of
scale indicator, again shows that the large manufacturing industries
tend to have larger than average economies of scale. The rank
correlation coefficient is higher for both extra and intra Community
exports than for value added. The share of community exports is taken
as a percentage of the share of production value for each industry in
columns (4) and (6) to eliminate the effects of large industries tending
to have larger than average economies of scale. Columns (4) and (6)
indicate the export intensity of industries. The rank correlation for
extra community exports and economies of scale of 0.16,and for intra
community exports and economies of scale of 0.11,indicate the extent of
the concentration of EC exports from industries with larger than average
economies of scale.

The results are in the direction expected. The Community tends to
export relatively more of products for which the economies of scale are
relatively large. However the result for extra EC exports is very weak
and is not as decisive as the author expected. There are several
explanations:

1. The extra and particularly intra Community exports of food and
textiles for which economies of scale are modest are substantial
relative to the contribution of the industries making these products to
value added. One explanation for the large trade in these products is
the wide variety of products. The contribution of vehicles, chemicals
and mechanical engineering ~ the industries with large economies of
scale - to exports is greater than their share of value added but the

difference in weighting is not very great.
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2. The results reflect in part the failure of EC electronic
industries. The share of electrical engineering exports is less than
for its share of value added. Japanese and US companies have benefited
from economies of scale in these industries.

3. The weighting may understate the relationship between exports
and scale economies because within each industry group exports may be
concentrated upon products for which economies of scale are greater than
average for the industry group.

The fact that EC exports are not more heavily concentrated on
industries with large economies of scale could be explained in another
way. Trade is created by differences in products produced in different
countries to satisfy consumers' quest for variety and change and/or
differences in efficiency. Exports originate from efficient producers
and reduce the output of inefficient firms. Either way there are gains

from trade.
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Section 10. Economies of Scale for the Service Sector

Estimates of the economies of scale for the service sector are
scarce. This reflects the difficulty of making such estimates and,
possibly, that economies of scale for service trades are lower than for

manufacturing industries.

Methods of Measuring Economies of Scale for Services

The methods of measuring economies of scale which apply to
manufactures can be used for services, but the engineering method is
less reliable for services. The industrial processes used in
manufacturing trades for which engineering estimates are made do have
counterparts in the service trades. The aeroplanes used by an air line
or the computer systems used by a bank spring to mind. But for many
service trades capital equipment comes in quite small units relative to
national output. The largest hotel, shop or retail banking premises is
small relative to the national markets in which they operate. This
replication of units doing the same kind of business means that
comparisons of actual cost for units of varying size is a possible
method of estimating economies of scale for some services. However,
because there is much replication within national markets, the scope for
economies of scale through completion of the EC is likely to be limited

in these trades.
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Sources of Economies of Scale for Services

Completion of the market will have two sets of effects via the
economies of scale for service trades. Firstly, for service trades in
which trade between member countries increases, there will be scope for
economies of scale. The second set of effects will be generated by the
increase in income in the EC which will be caused by completion of the
market and which will increase demand and output of the service and
other industries, In this section, the service trades which will be
affected by increased trade in services between member countries are
considered first.

The groups of services which are distinguished in the UK balance of
payments statistics are listed in Table 10.1. The first column of the
table which shows UK exports in 1984 provides a rough and ready
indicator of the importance of the headings. Financial and other
services are a relatively important source of exports for the UK and so
UK exports provide an exaggerated measure of these services for total
Community exports.

In the second calumn an assessment of the impact of completion of
the EC for trade in each group of services is attempted. The services
directly affected by the completion of the EC are insurance, banking,
trading and consultancy.

The final column of the table comments on the sources of economies
of scale for each service. One general source of economies of scale
will be that transactions and deals increase in size and lead to a
reduction in costs because costs which are fixed or semi-fixed relative
to the size of transactions and deals can be spread over a larger
output. The broad picture is that there are economies of scale in

providing services, but that they are perhaps not as great as for
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manufacturing. As noted earlier there are obvious limits to the size of
lorries, aircraft, ships, hotels and shops. Increased business will be
met by duplication of facilities. The structure of the service trades
supports this conclusion., There are more firms and establishments
providing most individual services than manufacturer plants or factories
producing most individual products.

It is outside the scope of this report to consider the sources of
economies of scale in other service trades, including retailing and
other channels of distribution, which will be affected by the increase in
income generated by completion of the EC. The main sources of economies
here are in the scope for spreading fixed and semi-fixed costs, for
example, the costs of public administration, from the increased density

(1)

of traffic in the post and telecommunications services, and for large

transactions in the retail trade both for buying and selling.

(1) An example of a semi fixed cost for the postal service is the cost
of postmen. Delivery of more mail to each household would not
increase costs proportionately.
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THE EVIDENCE

Industry Studies:

Bankingﬁand Financial Institutions

Sources: P.M. Horvitz, 'Economies of Scale in Banking' in 'Private
Financial Institutions®', for the 'Commission on Money and Credit',
Englewood Cliffs, N.J. 1963.

J. Pacolet and A. Verheirstraetan, 'Concentration and
Economies of Scale in the Belgian Financial Sector', in A.
Verheirstraeten ed., 'Competition and Regulation in Financial Markets’',
New York, 1981.

J. Johnston, 'Statistical Cost Analysis', New York and London,
1960. (Section 5. Building Societies and Life Assurance Companies).

The sources describe studies of costs and scale and provide

evidence of economies of scale at least over certain ranges of scale,
but there are qualifications to the conclusions. Apparent scale effects
are often later shown to reflect differences in the type of businesses
done by large and small banks. The qualifications relate to the
dimensions of scale. For example, the extent to which banks obtain
deposits from a branch network or in the wholesale money markets varies.
In the USA some banks operate branches while others do not. Small
branches of banks tend to be sited in isolated communities. The
existence of higher costs for such branches may influence a comparison
of costs for the size of branches. Also there are problems relating to
the measurement of costs. Horvitz shows that large banks in the USA pay
higher salaries than small banks. The costs of bui;dings vary greatly
according to the price of property in each locality and large banks tend
to have headquarters sited in the centre of large towns where property

prices are high.
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No general estimates of the MES or scale gradients have been

published for financial institutions.

Air Transport

Sources: D. Sawers, 'The Trouble with Big Airlines' Financial Times,
August 24th, 1987.

P. Forsyth, R. Hill and C. Trengove, 'Measuring Airline
Efficiency', Fiscal Studies, February 1986.

The sources refer to estimates that show that an airline's costs
are not affected by the size of its route network. The marketing
advantage of a large network is to be able to offer more through
journeys without passengers ha§ing to change airlines. There-are
economies associated with density of traffic; high density allows an
airline to use large aircraft on a route, and large aircraft have lower
operating costs per passenger seat mile., Also staff and facilities on
the ground at terminals can be used more efficiently where traffic on a
route is dense. Extensions to a route network will increase the demnsity

of traffic on the airline's existing network.

Studies of Labour Productivity

In Section 7 we claimed that higher labour productivity in the USA
supports the argument that economies of scale apply in manufacturing
trades. Unfortunately the measurement of labour productivity for service
trades is even more hazardous than for manufacturing trades. For what
they are worth, the National Institute's estimates of productivity

differentials between America and Europe show a smaller gap for
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services than for manufacturers.(l) This is compatible with economies
of scale being less important in service trades. But it is weak
evidence only,as there are other possible explanations and the estimates

are subject to a wide margin of error.

Conclusions on the Economies of Scale for Services

There are reasons for expecting the economies of scale for services
to be less than for manufacturing and the evidence does not conflict
with this assessment. Plainly every European country cannot make
commercial aircraft, motor cars or many other manufactured products
efficiently, but each country does have a range of banks, insurance
companies, stock brokers, shops, hotels, etc. There are market niches
where there may be economies of scale, for example, banks arranging
large corporate deals and re-insurance markets, but these are
exceptions. In addition, as completion of the EC raises income and
output, there will be some economies of scale in the service trades
stemming from larger transactions and the economies of scale related to

the size of bank branches, etc.

(1) Wational Institute Economic Review, August, 1982 p. 29. The gap
for services is about two-thirds that for manufactures.
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Section 11. Conclusions

The Completion of the EC and the Economies of Scale

Completion of the EC will have three groups of effects via
economies of scale. Where completion of the market results in
substantial changes in the conditions of trade, for example, by changing
the rules for public procurement, there will be direct effects on
industries, inter country trade will increase, structural change will
occur in the industries and firms will benefit from economies of scale.
If the national electricity authorities open their tendering to all EC
manufacturers of equipment, trade in generating equipment between member
states will increase, some firms will increase their share of EC markets
and will gain economies of scale for the development and manufacture of
this equipment. These effects of completing the EC can only be assessed
on a case by case basis.

The second effect of completion of the market will be the
widespread reduction of impediments to trade, increasing trade in all
sectors, causing structural change in industries and generating benefits
from economies of scale. This result will be reinforced by the third
effect of completion of the market which will be to increase the growth
of income within the community through achieving economies of scale and
through the pressure of more intense competition. The increase in
Community income will increase demand, output and inter-community trade,
leading to further gains through economies of scale.

For reasons given in this report, estimates of the economies of
scale are elusive and many of the estimates which are available are

hedged around with qualifications. Nevertheless the evidence reported
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in this paper does support the hypothesis that economies of scale are a
widespread feature of manufacturing industries and to a lesser extent of
service trades.

The important result of this survey is to focus attention on the
effects of changes in output of distinct products and production runs on
costs. Economies of scale are usually associated with the size of
establishments and firms. This is too limited a view. The main effects
of completion of the market will result from many firms being able to
increase their output of particular products, without necessarily
increasing the average output of their establishments. This survey
shows that there are substantial scale effects for products and
production runs to be obtained in a wide range of manufacturing
industries. The sources of these economies are technical economies of
scale for production processes and the spreading of product deyelopment

costs over the output to which they relate.

The competitiveness of EC Industries

The second quesgion concerning the effects of completion of the EC
is the impact on competitiveness of EC industries in third markets. A
conclusion of Section 5 was that economies of scale continue
indefinitely for complex products made by the vehicle, mechanical and
electrical engineering and instrument industries. These are important
EC export industries. Completion of the market will facilitate the
restructuring of firms in these industries so that they increase their
output of products and increase their competitiveness.

In Section 6 the advantages of large firms for R & D were

described. Completion of the market will lead to the emergence of
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larger firms which can reap these advantages and cut the duplication of
R & D within the EC. More efficient use of R & D personnel could have a
multiplier effect on employment through job creation because R & D
personnel are scarce.

Industrial Distribution of the Effects

Column 1 of Table 11.1 lists the manufacturing industry groups in
order of the importance of economies of scale as in Table 5.3(b). This
classification was based upon economies of scale for production and
development. A noteworthy feature of this ordering is that the
industries most subject to the economies of scale are the most
concentrated in terms of the share of output produced by the largest
companies. The vehicles, chemical, man-made fibres, metals and office
machinery industries are all highly concentrated. Mechanical
engineering is not concentrated but that reflects the immense range of
products produced by that industry. At the other end of the list other
manufacturing, textiles, timber, furniture, clothing and footwear and
leather goods are all fragmented in part because of the diversity of
their products.

The fact that the industries subject to the largest economies of
scale are the most concentrated suggests that economies of scale are
more fully exploited in these industries. The car, truck and aircraft
industries have re-structured within the EC to take advantage of the
economies of scale. Tt therefore seems unlikely that the economies of
scale effects of completion of the EC will be concentrated on industries
subject to especially large economies of scale. The effects will be
spread right across manufacturing industries and service trades. The
exceptions where the economies of scale will be substantial are the
industries affected by changes in public procurement policy and national
regulation of markets. These trades are pinpointed in column 3 of Table

11.1'
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CHAPTER 3

Economies of Scale and Intra-Community trade

Joachim Schwalbach
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It has been argued that industrial plant sizes are on average
larger in the United States than in Europe.! As a consequence,
European plants are considered to be too small to realize all
significant scale economies in production, suffering a competitive
disadvantage with respect to their American counterparts. Several
reasons have been mentioned to account for why plant sizes differ
between nations:

"For one, some markets my be too small to support even a

single plant of minimum optimal scale. And if buyers and

govermment policymakers prefer some diversity of supply
sources, two or more independent plants may survive in small
markets, each plant too small to enjoy all economies of scale.

...... Dynamics also matter. The smaller the market is for any

given (positive) growth rate, the more time it takes to

accumulate a demand increment sufficient to absorb the
capacity of a lumpy new MOS plant. Also, in markets small
relative to the minimum optimal scale, oligopoly is likely, and
the resulting concern for pricing interdependence and strategic
position can aggravate propensities toward investment in

inefficiently small plants." (Scherer et al., 1975, pp. 92-93).

It was generally expected that with the creation of a European

Common Market existing gaps between current and cost efficient

1 See Bain (1966) and Scherer et al. (1975), chapter 3.
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plant sizes would diminish over time. If no tariff barriers hinder
trade flows between national markets, producers choice of plant sizes
are less limited, leading to an adjustment process towards larger
plants and, consequently, toward a fuller exploitation of scale
economies in production. If, in addition, most non-tariff barriers
within the European Community can be removed, plant size
differences between Europe and the United States should disappear,

taking with it European cost disadvantages.

This study tests the hypothesis that the removal of trade
barriers within the European Community had the effect of increasing
plant sizes, enabling plants to realize all significant scale economies.
The hypothesis will be tested by applying two very different data
sets on a group of manufacturing industries for the Federal Republic
of Germany and the United Kingdom. The study is organized as
follows: Section II provides some background information on the
development of trade and firm sizes within the European
Communities. Sections III and IV explain the deviation of observed
plant sizes and the minimum efficient sizes (MES) at different points
in time. In Section III, engineering and cost estimates provide
information on the MES and the elasticity of the average cost curve
of selected product-lines. And in Section IV, alternative measures are
employed for estimating MES on the four-digit industry level. Section
V evaluates the main results and provides forecasts about the effects
of further removals of trade barriers on the degree of cost efficient

increase of plants.
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II. Development of Intra-Community Trade and Firm Sizes

According to our hypothesis, we expect that the creation of a
European internal market would increase intra-Community trade
flows and, therefore, lead to an increase in plant and firm sizes in

industries where there are significant unexploited scale economies.

Table 1 gives a first impression about intra- and extra-
Community trade flows, summarizing import flows over time. Table 1
shows that since 1963, both intra- and extra-Community import
flows have increased over time. A closer look at Table 1 also shows
that, until about 1975, intra-Community imports were more intense
than extra-Community imports. After 1975, extra-Community
imports became more important in the majority of industries. By
1982, in only nine industries were intra-Community imports larger
than extra-Community imports: metal, means of transportation,
foods, textile, and paper industries. Jacquemin and Sapir (1987)
analyzed the relative slowdown of intra-Community trade in detail
and concluded that after the initial period of European integration
(which spans from 1958 to about 1972 for the founding six member
countries) the dynamics of intra-Community trade seems to have
diminished particularly in consumer and investment goods industries
partly because of industry-specific deficiencies as well as still
existing non-tariff barriers within the European Common Market.
The relative slowdown, instead, encouraged imports from the rest of

the world.
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With increasing overall trade flows we expect an increase in
plant and firm sizes as well. Table 2 summarizes the data available to
us and shows the development of average firm sizes in the European
Community in selected two-digit NACE industries. Columns (1) and
(2) in Table 2 show the average number of employees in European
firms in the years 1975 and 1982, whereas column (3) shows the
slope of the time trend in the period 1975 to 1982. Table 2 clearly
demonstrates that there exists the expected tendency towards larger,
less labor-intensive firms for nearly all industries. Tables 1 and 2
together, then, are jointly consistent with our basic hypothesis,

although, of course, other factors may be at work.
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I Determin f Plan iz n_the Pr -Line Level

In this section we test our hypothesis that scale economies and
intra-Community trade flows can explain deviations of plant sizes
from minimum efficient plant sizes (MES) by using data on the
product-line level. The analysis relies on a regression model, similar
to the one adopted by Scherer et al. (1975) and Miiller and Owen
(1985) in which the dependent variable is the deviation of the
representative plant size from the MES. Independent variables are
the cost increase associated with sub-MES plants and export/import
intensities. The model can be specified as follows:

PSD;, =ay +a,, MS, +a, C, +a5 E; -a, L +p; (1)

where

PSD;, is the observed plant size deviation from MES, measured

as the ratio of the average plant size and MES.

MS;, is the size of the product market, measured as the ratio of
domestic production and MES.

G, is the cost increase associated with one-third of MES
output.

E;, is the export intensity, measured by 1l+exports/domestic

production.
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L, is the import intensity, measured by 1-imports/domestic
consumption.
it is the error term, reflecting all other factors which effect

plant size deviations.

are regression coefficients

Indices i represent product-lines and

t stands for the time periods.

Equation (1) shows the expected direction of causality. The
bigger the market in relation to MES output, the bigger the
representative plant size is, therefore, the smaller is the size
deviation. Thus, we expect a;>0. A steep unit cost curve might give
rise to larger plants since there are considerable cost differences
between small and large plants. Hence one would expect that in this
case firms build larger plants and this would be reflected in a higher
PSD-value. Thus, a,>0. International trade can have various effects on
the deviation of actual plant sizes from MES. Export opportunities
extend the relevant market and might give firms the change to work
off excess capacity and to add new capacity to its plants. A larger
export share in a market might, therefore, lead to larger plant sizes
and so to higher PSD values. Thus, a;>0. Imports, on the other hand,
intensify domestic competition and encourage firms to invest in

larger, more efficient plants. This investment behavior might be
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expected in markets in which the required market share to operate a

MES plant is high. As a result, one expects to observe a plant size

increase if import shares are significantly high. Thus, a,<0.

The hypothesis will be tested for the periods 1965 and 1982.

While we expect a,>0, i=1,2,3 and a,<0 for both periods, we wish to

test the additional hypothesis that the effect of trade on plant size
has increased over time. Thus, a;<a;.,q, i=1,2,3 and a,>a,,,;, which
means that we expect a more significant influence from exports and
imports in 1982 than in 1965 due to increasing trade liberalization

within the European Community.

The data sample consists of MES and unit costs curve estimates
on a product-line level. Some of the estimates come from various
published sources and were performed by scholars using engineering
and cost analysis approaches. The rest were made exclusively for this
study by using the same estimation method. The result is shown in
Table 3. The estimates in Table 3 suggest that, in most industries,
MES output as well as cost disadvantages of sub-MES plants have
increased over time. Technological change is the main cause of
increases in the minimum efficient plant size. New production
processes led to both lower unit costs and an increase in plant sizes
required to take full advantage of the cost reduction potential. The
technological development of recent years appear to be most
significant in product-lines like beer brewing and cement in which

cost disadvantages by sub-MES plants are particularly intense.
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The remaining data on domestic production, exports, and
imports were gathered from statistical sources for 1965 and 1982 for
the Federal Republic of Germany. For the United Kingdom data were

only available for 1982.

Regression results

Table 4 summarizes the regression results for the Federal
Republic of Germany (FRG) and the United Kingdom (UK). The usual
statistical tests were performed. The functional form of the
regression equation was tested by applying a Lagrange multiplier
test suggested by Godfrey and Wickens (1981). Heteroskedasticity
was not detected, but multicollinearity was observed to be severe
between the import-variable and all other independent variables in
the 1982 German sample. The stepwise regression results will show

the impact of collinearity on the estimated coefficients.

The results in Table 4 show that market size in the FRG has an
increasingly positive effect on plant size development over time. The
coefficients are statistically significant but their values are very
small. Thus, the positive effect on market size on the choice of larger
plant sizes is still limited, e.g. a 100 percent increase in market size
would lead to an 0.07 percent increase in RSD only. For the UK, the
results show the opposite sign but the coefficient is statistically not
significant, therefore we should not attach too much importance to it.

However, it is interesting to speculate on how a negative sign could
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be interpreted. One obvious possibility is that the extent of
diseconomies of scale, which restrict the expansion of plants, are
relatively important. Such diseconomies are often transportation
costs which are particularly intense in product-lines like beer
brewing and cement, and lead to a fragmentation of markets. Other
causes of diseconomies of scale may be product variety since a large
variety increases changeover costs and reduces lot-size economies in
production thereby raising the unit cost curve. In the UK, the
diseconomies of scale seem to be overcompensated by scale

economies.

The cost gradient coefficients have the expected positive sign
for the FRG, although they are not statistically significant. Thus they
give only moderate support for the hypothesis that the steeper the
unit cost curve, the greater the incentive is to build larger plants. For
the UK, the hypothesis is not confirmed since the effect is not
significant. This suggests that diseconomies of scale may be more
important in the UK than in Germany and may, therefore, lead to

smaller plant sizes.

The results in Table 4 show that international trade plays an
important role in determining plant size deviations from cost
efficient plant sizes. In particular, exports provide the opportunity to
enlarge plants. The results are highly significant for the FRG in both
periods and for the UK in 1982. For the FRG, the export coefficient is
larger and shows stronger significance in 1982 than in 1965, which

suggests that exports have become more important over time as a
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determinant of plant capacity decisions. In the UK, the plant size
expansion effect from exports seems to be stronger than in the FRG.
Imports, on the other hand, also had a positive effect on plant size
development in both countries. This effect was not significant in
1965 in the FRG and in the UK, but it was significant for the FRG in
1982. The results also indicate that the aforementioned
multicollinearity between the imports variable and the other
variables is particularly severe for the German data in 1982 between
imports and exports. In sum, the results on trade show quite clearly
that exports and imports had a simultaneous positive effect on the
creation of larger plants. This observation and the positive
association between exports and imporfs support the theory of intra-
industry trade which shows that increasing differentation of
products and services increase intra-industry trade. This effect on

trade is enhanced if,. in addition, trade barriers are low.
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IV, Determinants of Plant Sizes at the Industry Level

In this section, we explain the deviation of observed plant sizes
from minimum efficient plant sizes at the four-digit industry level
and therefore at a slightly more aggregate level than in Section III.
With the analysis on the industry level we are able to set up a larger
data base which provides the opportunity to test the stability of the
regression results on the product-line level in Section III. This
stability test is important since the results in Section III might be
very sensitive to an increase in the number of observations.
Furthermore, the industry analysis enables us to select a richer set of

explanatory variables.

By moving to the industry level we sacrifice the quality of the
MES estimates. Since MES estimates are not available for a large
number of industries, we have to apply alternative measures of MES.
Alternative measures have been proposed in the literature and
empirical tests have shown that two measures in particular are good
substitutes: the 'Top 50 percent' index and the 'Midpoint’ plant size
index.2 The first index "...... is found by moving down the plant size
distribution starting with the largest plants, until enough plants have
been included to encompass 50 percent of total industry employment
or output. The average plant size of those plants which account for
the top half of the cumulative employment or output size

"

distribution is then calculated.” The other index estimates the

2 See Scherer et al. (1975), chapter 3.
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employment or output of that individual plant which is located at the
50 percent point of the cumulative size distribution.”" (Scherer et al.,

1975, p.66).

With the two alternative MES measures at hand we are able to
provide a first look at the plant size deviation from MES and its
development over time at the industry level. For this purpose we
grouped 102 German four-digit industries into its corresponding 16
two-digit NACE industries for the time period 1979-1985. The ratio
between average plant size and MES will show whether plants are
large enough to realize all scale economies and how plant sizes
developed over time relative to the MES. Table 5 summarizes the
calculated average ratio of average plant size to MES for the years
1979 and 1985, where the average plant size is measured in terms of
the number of employees and the MES is represented by the TOP 50
percent index of total industry employees. The first impression we
get from Table 5 is that actual plants are on average smaller than
MES. In 1979, for instance, plants in the mineral oil refining industry
are on average only 40 percent of MES and in 1985 about 60 percent.
The deviation across industries varies which means that in the
chemical industry we observe the largest deviation from efficient
plant sizes while in the extraction of minerals industry the average
plant is close to a cost efficient plant. Table 5 also shows that in 1985
plants on average exceeded the MES in two industries, namely in the
extraction of minerals and the motor vehicles industries. In 1985
plants in these industries reached a cost efficient size. In the other

industries one observes the same general pattern that the plant size
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deviation decreased over time. The adjustment process towards more
cost efficient plants can be clearly seen in Table 5 and this process
was relatively fast if one takes into account that the time period

1979-85 under consideration is relatively short.

Based on the results in Table 5, how can one explain the
variance of plant size deviations across industries? Various factors
explain the deviation, which can be labeled as industry-specific and
trade-specific factors. If one considers the extration of minerals and
the motor vehicles industries, in which the average plant size is close
to the MES, one finds different factors explaining the small deviation.
In the extraction of minerals industry the structure of the market
consists of various local markets which are determined by the
location of the ‘inputs and the transportation costs. These local
markets are protected from trade by natural entry barriers and are
large enough to exploit scale economies. In the motor vehicles
industry, on the other hand, international competition is the main
force for driving plants toward a cost efficient size. In general, plant
size deviations from MES exist mainly because markets are too small
in relation to MES, trade barriers hinder the extension of markets,
demand growth is not high enough to reduce excess plant capacity,
and shipment costs as well as product variety lead to a

fragmentation of markets which are smaller than MES.

A more systematic insight into the importants of factors

explaining the plant size deviation, is provided by the regression
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analysis which we want to perform now. The regression model is

specified in a similar fashion than in Section III as follows:

PSD; =b,, + b, MS, +b, E; -b; [, +b, CR;

+ bSt GRit + b6t PRit - b7t EMit + Ky (2)
where

PSD.

it is the ratio of the average plant size and MES, which is

represented by the TOP 50 and MIDPOINT indices, re-

spectively.

MS.

it is the market size, measured as the ratio of domestic

consumption and TOP 50 and MIDPOINT, respectively.

E, is the exports intensity which is measured in two ways:

E;rt is the exports intensity based on total exports (=intra

+ extra-Community exports) and measured by 1+exports/

domestic production.

Eilt is the intra-Community exports intensity, measured

by 1+intra-Community exports/total exports.

L, is the imports intensity which is also measured in two
ways: 11;t is equal to 1-total imports/domestic con-
sumption and I%t is equal to 1-intra-Community im-

ports/total imports.
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CRy

GR;,

PR,

EM,

Indices i

is the seller concentration ratio, measured by the five-

firm ratio for the UK and the Herfindahl index for the
FRG.

is the percentage growth of production.

is the productivity ratio, measured by the ratio of

domestic production and the number of employees.

is the extent of multi-plant operation, measured by the

average number of plants operated by firms in the

industry.

are regression coefficients.

is the error term, representing all other factors which

determine plant size deviations.

represent three-digit industries in the UK and four-digit
industries in the FRG and

stands for the time periods 1979, 1985 for the FRG and
1979, 1983 for the UK.

Equation (2) shows that seven explanatory variables were

selected for which data are available. Expected signs of the causal

relationship between the endogenous variable and the exogenous

variables are shown in the regression model. The core variables are
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the market size, exports, and imports variables. With respect to these
variables we expect that market size has a positive influence on
plant size development. Markets which are large in relation to MES
output might have a favorable effect on plants' capacity expansion
decision. Thus, we expect b1t>0" Exports and imports (total as well as
intra-Community) influence plant size decisions positively. Exports
increase the relevant market and open the opportunities to build
larger plants. Imports put pressure on domestic firms' decision
makers to increase their plant sizes toward the most cost efficient
size. Thus, b;t and b§t<0. In ad.dition, the impact of Intra-Community
trade on plant size decisions might be even higher. Therefore, we

expect more cost efficient plants in industries in which the ratio of

intra-Community to total trade is higher. Thus, b§t>0 and b;t<0.

From the additional variables we expect explanatory power as
well. Among them the concentration variable, since concentrated
markets might have larger plants due to the fact that large market
shares by dominant sellers provide the chance to build larger plants.
Thus, we expect b4t>0. If, however, markets are fragmented, we
might expect even large sellers to favor a multiple plant structure.
The average number of plants operated by firms is therefore a good
indicator of the existence of local markets. We therefore might expect
a negative association between plant size deviations and the extent
of multi-plant operation, i.e. b, <0. Market growth might have a
positive effect on plant size decisions. Indivisibilities in physical
production capacity lead to a certain extent of excess capacity at a

time when new capacity is set up. This risk of holding excess capacity
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permanently will be reduced if demand growth is be expected, thus
b, >0. Finally, the productivity of the labor force might also have
positive effects on plant size decisions. The higher the labor

productivity will be, the more firms will be inclined to operate larger

plants, thus b6t>0.

Regression Results

Tables 6 and 7 summarize the regression results for the sample
of up to 105 four-digit industries in the FRG and of 103 three-digit
industries in the UK.3 For the FRG, we were able to run regressions
for the periods 1979/1985 and for the UK for 1979/1983.
Furthermore, the data samples for the FRG and the UK differ slightly
in two respects: for the FRG , the data on trade flows allow to make
the distinction between intra-Community and total trade flows,
whereas for the UK, only total trade flow data were available. In
addition, for the UK we only have access to the TOP 50 measure of
minimum efficient plant size. And finally, separate regressions were
performed for the producer and consumer goods industries in the

FRG.

The results in Tables 6 and 7 for the total sample show that

nearly all coefficients of the explanatory variables have the expected

3 The usual statistical tests were performed. The test of the functional form
showed a linear specification to be preferable. No heteroskedasticity was
detected. Also no severe multicollinearity is present.
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signs. The coefficients of all exports variable (total and intra-
Community) are highly significant for the German sample, but not for
the UK in both time periods. We can conclude that the convergence
towards more efficient plant sizes is significantly affected by total
exports as well as intra-Community exports in the FRG, and the
importance of exports has increased over time. For the UK, we find
slight support for the proposition that total exports are a increasing
force driving plant size developments, but this support is not
statistically significant. If we divide the sample into producer and
consumer goods industries, we find that only in producer goods
industries are exports an important determinant of plant sizes in the
FRG. In consumer goods industries, by céntrast, exports do ‘not seem

to play any role at all, even over time.

Imports, on the other hand, also have a positive impact on
plant sizes but we cannot put to much weight on it since the
coefficients are not statistically significant in both countries and both
periods. Additionally, we observe an increase in the coefficients over
time which suggests that the positive influence of imports on plants

size developments became more important over time.

Market size and demand growth are both powerful explanatory
variables. In both countries, larger and faster growing markets
provide the opportunity to build larger and more cost efficient
plants. The size of the market in the UK seems to be the dominant
factor affecting plant size decisions. If one takes the significant effect

of the concentration variable into account as well, one is inclined to
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'argue that large markets in the UK are well protected by. entry

barriers, maybe because of cost efficient production. Entry barriers
may also explain why intra-industry trade flows are less pronounced

between the UK and other countries.

Seller concentration is a powerful explanatory factor in both
countries, and also in both subgroups of industries. However, the
significance of concentration is more pronounced in the UK. The
results suggest that large sellers in concentrated industries in the UK
seem to operate with larger plants, whereas in the FRG a higher
extent of multi-plant operation is preferred. The regression results
on the extent of multi-plant operation support this view: the more
important the concentration variable is in explaining plant sizes, the
larger the plants are and the smaller the number of plants operated

by large firms.

Labor productivity has no explanatory power in either country.
The coefficient shows in most regressions the expected sign but the
effect is not statistically significant. This result is somewhat
surprising since we would expect cost efficient plants to have a

higher labor productivity.

If we compare the results on market size, exports, and imports
with the one in Section III, we see that the signs of the regression
coefficients remain stable. However, the values of the coefficients are

different. At the industry level we receive lower values which seems
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to be the consequence of moving from the product-line level to a

more aggregate industry level analysis.
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V., Evaluati h verall Resul n mparative Stati

The results show positive and increasing effects of exports and
imports on plant size developments towards more cost efficient plant
sizes in the FRG and the UK. The results can be used to speculate to
what extent trade flow changes affect plant sizes and cost efficiency
of plants. For this purpose we experiment with the average values of
the regression variables and their estimated coefficients in Section
III. First of all, we are interested in the plant size effect of trade flow
increases. For simplicity, we assume that exports and imports flows
increase by 10 perceat. If we calculate the growth rate for each

period and each country separately we receive the following results:

Exports Imports
FRG 1965 4.7% 7.3%
1982 8,5% 16.5%
UK 1982 19.4% 4.1%

These numbers tell us that a 10 percent increase in exports and
imports would increase average plant size in the FRG in 1965 by 4.7%
and 7.3%, respectively. And in 1982 the increase would be 8.5% and
16.5%. In the UK, the increase in average plant size would be even

19.4% if exports increase by 10% and 4.1% if imports increase by the
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same amount. This seems to be a rather strong response to changing

trade flows.

In comparison with the above speculative results we are able
to calculate the actual overall trade effect for the FRG. Taking the
actual average increase of 73 percent in exports and 107 percent in
imports during the period 1965 to 1982 into account, we receive an
average plant size growth by 97 percent. Therefore, trade flows

basically doubled plant sizes within the observed time period.

Our second exercise will be to speculate about the impact of a
plant size increase on the improvement on the cost efficiency of
plants. If plants increase in size due to increasing trade flows one
should expect an increase in cost efficiency as well. To what extent
this improvement in cost efficiency can be depends on the increase
of trade flows. Three scenarios are worth considering: First, exports
increase by 100 percent. Second, import flows double in size and
third, both exports and imports increase each by 100 percent. For
each scenario we will be able to calculate the expected effect on cost
efficiency under the additional assumption that total consumption

remains unaffected by trade flow increases.

If exports increase by 100 percent, the export share on total
domestic production increase from its level in 1982 of 36.6 percent
to 53.6 percent at a later point in time. As a consequence, average
plant size increases should have a decreasing effect on unit costs.

Prior to the export increase, actual average plant size had 14.94
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percent higher unit costs than a MES plant. After doubling of exports,
the disadvantage by sub-MES plants diminished to 12.49 percent. As

a result, the increase of cost efficiency is about 16.4 percent.

If imports increase by 100 percent, we expect an increase in
cost efficiency as well, since imports have also a positive effect on
plant size development in the FRG and the UK. Actual import share
on total domestic consumption was in 1982 about 32.1 percent and it
would be twice as much after the import increase by 100 percent.
The corresponding cost efficiency improvement is about 26.5 percent
which leaves the average plant size with 10.98 percent higher costs
than a MES plan'. The cost efficiency increase by imports is therefore

higher than the effect of increasing exports flows.

If exports and imports increase in magnitude and total
domestic consumption still remains unchanged, domestic production
has to decrease. The overall effect will be a rise in cost efficiency of
about 55 percent. This efficiency increase is considerable taking into
account that average plant size is now larger than one half (0.518) of

a MES plant which leaves a cost disadvantage of only 6.72 percent.
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Table 1 : Trends in Community Imports Trade in

Manufacturing Industries

Industry 1963 1870 1975 1881 1982 1963 1970 1975 1981 1982
Intra-Community Extra-Community
imports imports
Manufacturing Industry 85 23,3 49,8 105,1 120,5 10,8 22 41,5 105,9 120,5
Minera! oll refining 39 10,6 38,5 950 101,4 48 38 27 109,5 145,1
Production and preliminary processing of 11,0 28,7 47,0 89,6 95,9 13,0 38,4 448 79,8 87,2
metais
@ ron and steel 149 33,2 52,9 91,8 99,7 133 38,0 49,7 74,0 108,2
Non-metailic mineral products 8,7 24,0 47,2 99,9 106,8 9.4 29 43,2 108,1 1127
e Concrete, cement, plaster products for 12,7 31,2 62,2 92,0 97,9 15,8 283 703 109,9 114,8
construction
o Glass and glassware 88 26,1 48,2 102,1 13,7 78 19,0 38,9 105,5 1188
Chemicais and man-made fibres 62 19,7 45,1 11,3 123,2 10,4 251 45,1 1135 1283
@ Basic Industrial chemicails 857 173 42,4 110,0 121,0 10,6 25,2 45,1 1124 123,68
o Pharmaceutical products LY 24,8 50,9 119,9 134,8 83 2,2 48,3 120,8 138,8
Metal articles 85 25,0 52,1 99,7 107,7 73 19,4 449 104,3 112,9
® Tools and finished metal goods 9,1 24,2 48,4 100,5 111,8 (Y] 177 42,0 107,0 11,5
Mechanical engineering 11,4 28,3 53,3 99,0 108,8 11,9 28,4 50,4 1121 124,8
® Machine-tools for working metal 155 35,9 85,3 100,2 101,9 13,7 265 40,7 101,1 103,6
@ Piant for mines, Iron and steel, etc. 10,5 29,8 55,8 94,0 97,7 133 85 54,1 108,8 118,86
Dffice and date-processing machinery 5,6 25,8 48,8 121,8 150,2 4,1 21,4 353 127,86 157,2
Electrical engineering 83 252 524 105,0 17,7 8,0 173 38,9 1240 143,2
@ Electrical machinery 9.0 273 49,8 99,9 1108 88 24,1 43,2 118,6 131,1
@ Telecommunications equipment, etc. 8,0 24,1 82,7 108,2 1254 70 204 435 120,9 141,4
® Radio, television, etc. 84 25,2 85,2 107,0 118,1 48 14,6 98,7 129,1 150,7
o Domestic type electric appliances 9,0 25,0 50,9 107,9 1198 4,1 123 39,9 1322 134,8
Motor vehicles 66 21,7 “a 108,3 126,1 25 79 28,3 1120 124,7
Jther means of transport 13,0 239 55,3 130,7 168,8 4,5 17,8 M8 106,0 103,7
® Shipbuilding 13,7 353 95,5 91,1 92,3 46 32,8 634 86,2 100,3
o Aerospace equipment manufacturing and 13,3 20,7 43,6 1524 2157 47 15,3 27,8 108,9 101,9
repairing
nstrument engineering 73 20,8 478 105,1 1131 59 14,9 39,0 118,6 1254
*ood, drink, and tobacco 9,5 28 58,7 1159 133,2 31,8 38,0 50,4 11,6 124,0
lextile 259 57,1 104,5 105,2 230,3 19,7 355 775 1143 21,2
.sather and leather goods 13.2 255 58,6 103,7 1230 7.5 15,2 43,1 1071 1238
Wass-produced footwear [.X] 17,1 42,1 99,6 117,3 39 10,6 319 108,9 175
leady-made clothing 8,1 20,8 50,5 1030 1146 - .38 10,9 43,3 1141 1259
"Imber and wooden furniture 83 18,5 452 102,1 107,2 16,1 26,7 39,3 95,3 95,8
ip, paper and paper products 6,1 219 478 1147 127,0 178 338 60,9 1185 125
Yrinting 9,0 24,1 49,3 108,3 1157 0.4 25,1 473 1192 130,6
tubber products 88 21,0 81,2 109,1 115,2 83 18,8 40,4 104,2 119,68
Yastic products 5,1 18,9 43,1 108,4 121,0 -7 19,5 410 _ 1157 133,0

Source: Yearbook of Industrial Statistics, 1984, pp. 118-119.
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Iable 2: Average Firm Size in the European Community's
Manufacturing Industries

Average Number of Employees in Firms

NACE Years Slope of Trend
No. Industries 1975 1982 1975-82
22 Production of preliminary 548.2 486.4 -6.486

processing of metals
23 Extraction of minerals 84.8 89.2 0.426
24 Manufacture of non-metallic 132.7 127.9 -1.540
mineral products ‘
25 Chemical industry 326.3 327.3 -0.235
31 Manufacture of metal articles 110.6 100.8 -1.460
32 Mechanical engineering 175.1 158.5 -2.576
33 Manufacture of office machinery 971.5 748.1 -27.156
and data processing machinery
34 Electrical engineering 405.3 339.2 -10.642
35 Manufacture of motor vehicles 704.7 697.8 2.030
36 Manufacture of other means 4717.2 492.7 1.374
of transport
37 Instrument engineering 134.9 116.8 -2.581

41 Food industry . 163.1 163.1 -0.694
43 Textile industry 150.7 132.3 -3.507
44 Leather industry 72.5 66.8 -0.827
45 Footwear and clothing industry 104.5 99.1 -1.385
46 Timber and wooden furniture 75.7 72.4 -0.514

industry
47 Manufacture of paper and paper 128.3 117.0 -1.510
products; printing and publishing

48 Processing of rubber and plastics 158.3 145.3 -2.045
49 Other manufacturing industries 93.7 83.9 -1.458

Source: Own calculation from 'CRONOS SEF VISA'
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Table 3: Estimates of Economies of Scale

NACE Industry Minimum Efficient Unit Cost Year Source
No. Scale Increase
(MES) 1/3  1/2
MES MES
140.1 Mineral oil 10 million tons/year <5% 1982 DIW
refining 10 million tons/year 5% 1969 Pratten
5.95 million tons/year 3% 1967 Weiss
10 million tons/year 4.8% 1965 Scherer
221  Steel 9.6-12 million tons/y >10% 1982 DIW
(integrated 4.1 million tons/year 8% 1969 Pratten
plants) 3.6 million tons/year 10% 1967 Weiss
: 3.6 million tons/year 11% 1965 Scherer
241 Bricks 35 million a year 30% 1982 Schwalbach
25 million a year 25% 1969 Pratten
242.1 Cement 1.3 million tons/year 39.9% 1982 Schwalbach
1.0 million tons/year 38.2% 1972 Schwalbach
2.0 million tons/year 9% 1969 Pratten
1.2 million tons/year 26% 1965 Scherer
247.2 Glass Bottles 133,000 tons a year 11% 1965 Scherer
180,000 tons a year 13% 1982 Schwalbach
251 Basic industrial chemicals
* Ethylene 500,000 tons/year 5-10% 1982 DIW
* Sulphuric 350,000 tons/year 5-10% 1982 DIW
acid 1 million tons/year 1% 1969 Pratten
* Ammonia 550,000 tons/year 5-10% 1982 DIW
* Synthetic 60,000 tons/year 15% 1969  Pratten
rubber
* Synthetic 40,000 tons/year 7% 1969  Pratten
yam
* Synthetic 80,000 tons/year 5% 1969 Pratten
polymer
255 Paint 38 million litre/year 4.4% 1965 Scherer
258.1 Soap and 70,000 tons/year 2.5% 1969 Pratten

detergents
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Iable 3 , cont.

260 Man-made fibres

* Acrylic 19,278 tons/year 9.5% 1967 Weiss
fibres
* Polyester 18,144 tons/year 10% 1967 Weiss
fibres
* Cellulosic 31,752 tons/year 5% 1967 Weiss
fibres
321.1 Combine 20,000 wunits/year 10% 1982 DIW
harvester
321.2 Tractors 90,000 units/year 6% 1982 DIW
330 Electronic 500,000 units/year 5-10% 1982 DIW
typewriters :
343.2 Auto 1 million units/year 4.6% * 1965 Scherer
batteries
345.1 T.V. sets 1.3-2.2 million units/y 5% 1982 DIW
346 Fridges 800,000 wunits/year 6.5% 1965 Scherer E
machines 500,000 units/year 8% 1969 Pratten
1.5 million units/year 12% 1982 DIW
Washing 500,000 units/year 8% 1969 Pratten
machines 800,000 units/year 7.5% 1980 Miiller/
Owen
351 Cars 500,000 units/year 15% 1982 DIW
Trucks "’ 200,000 wunits/year 12% 1982 DIW
363.1 Bicycles 100,000 units/year 4% 1969 Pratten
427.1 Beer 2.8 million hl/year 18% 1981 Schwalbach
brewing 2.0 million hl/year 14% 1974 Schwalbach
3.0 million hl/year 7% 1980 Cockerill
1.6 million hl/year 9% 1969 Pratten
5.3 million hl/year 5% 1965 Scherer
2.4 million hl/year 10% 1967 Weiss
429 Cigarettes 70 billion units/year 3% 1982 DIW

36 billion units/year 2.2% 1965 Scherer
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Table 3, cont.
451 Footwear 4,000 pairs a week 1.5% 1980 Miiller/
Owen
Leather shoes 1 million pairs/year 1.5% 1965 Scherer
Shoes 300,000 pairs/year 2% 1969  Pratten
481.1 Car tyres 9 million wunits/year 5-10% 1982 DIW
16,500 units/day 5% 1967 Weiss

Source: DIW (1985), Empirische Untersuchung von industriellen GroéBen-
vorteilen (Economies of Scale) nach der Methode der
Ingenieurschitzungen, Berlin.

Miiller, J. and Owen, N. (1983), Economic Effects of Free Trade in
Manufacturing Products within the EC, Berlin.

Pratten, C.F. (1971), Economies of Scale in Manufacturing Industry,
Cambridge.

Scherer, F.M. et al. (1975), The Economics of Multi-Plant Operations,
Cambridge.

Schwalbach, J. (1984), AusmaB und Entwicklung von GroBenvor-
teilen in der deutschen Bier- und Zementindustrie,
Berlin.

Schwalbach, J. (1987), GréBenvorteile im verarbeitenden Gewerbe,
mimeo, Berlin.

Weiss, L.W. (1976), Optimal Plant Size and the Extent of Suboptimal
Capacity, in: R.T. Masson and P.D. Qualls (eds.), Essays on
" Industrial Organization in Honor of Joe S. Bain,
Cambridge, pp. 123-141.
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Table _4: Regression Results on Plant Size Deviation and Inter-
national Trade

Dependent variable: Ratio of average plant size and minimum
efficient plant size

Regression Coefficients

Number Market Cost

Country Year of cases Constant size gradient Exports Imports R2

FRG 1965 22 0.181*+*  0.0004 0.042
(5.05) (0.94)
0.194*++  0.0004 0.125 0.047
(3.32) (0.86) (0.29)
-0.382* - 0.0007* 0.182 0.443 %+ 0.240
(-1.39) (1.58) (0.44) (2.14)
-0.225 0.0007* 0.219 0.425** -0.166 0.250
(-0.52) (1.56) (0.51) (1.98) (-0.48)

1982 20 0.217**+  0.002%* 0.156

(4.66) (1.83)
0.262*+*  0.0014* 0.372 0.182
3.37) (1.65) (0.73)
-0.574%+  0.002*** 0.115 0.562%* 0.438
(-1.81) (2.67) (0.25) (2.70)
-0.079 0.0016** 0.257 0.353 -0.319 0.478
(-0.14) (1.73) (0.53) (1.24) (-1.07)
0.653%** -0.599*** (.365
(4.94) (-3.21)

UK 1982 19 -0.105*** -0.133 0.011
(-3.36) (-0.43)
-0.510%** -0.198 -0.887 0.048
(-3.29) (-0.61) (-0.79)
-0.221%*+ -0.145 -0.422  0.714** 0.303
(-3.39) (-0.45) (-1.10) (2.34)
02014+ -0.143  -0.417 0.724** -0.056  0.303

(-3.06) (-0.43) (-1.07) (2.05) (-0.06)

Significance levels: *** 1%, ** 5%, * 10%, two-tailed test.
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Table 5: Plant Size Deviation in Manufacturing Industries
in the Federal Republic of Germany, 1979-1985.

NACE Industries Ratio of Average Plant Size and

No. Minimum Efficient Plant Size (MES)
1979 1985

14 Mineral oil refining 0.40 0.60

22 Production and preliminary 0.44 0.62

processing of metals
23 Extraction of minerals 0.60 1.20
24 Manufacture of non-metallic 0.53 0.82
mineral product

25 Chemical industry 0.28 0.37

31 Manufacture of metal articles 0.45 0.54

32 Mechanical engineering 0.35 0.42

34 Electrical engineering 0.33 0.50

35 Manufacture of motor vehicles 0.53 1.08

37 Instrument engineering 0.44 0.58

41/42 Food, drink, and tobacco 0.50 0.68

43 Textile industry 9.54 0.64

45 Footwear and clothing 0.63 0.78

46 Timber and wooden furniture 0.62 0.75

47 Manufacture of paper and 0.50 0.59

paper products; printing
and publishing

48 Processing of rubber and plastics 0.46 0.56
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Table 6: Empirical Results on the Determinants of Plant Sizes

in the Federal Republic of Germany

Dependent variables: D

Average plant size/MIDPOINT plant size

D, = Average plant size/TOP50 plant size
Independent 1979
variables
Industries
All Producer Consumer
D, Dy D, D, D,y
Exports, total 0.015%** 0.016%** 0.016*+ 0.0014
(3.07) (5.28) (2.76) 0.17
intra 0.320%**
(3.15)
Imports, intra -0.060
(-0.77)
Seller concentration -0.0006*** -0.0007** -0.0001 -0.001+* -0.001 %+
(-1.98) (-2.05) (-0.61) (-1.41) (-2.84)
Market size 0.00009+*  0.00008* 0.00005 0.0002*** 0.00002
(1.73) (1.32) (0.70) (2.42) (0.29)
Demand growth 0.105 0.071 0.095%* -0.028 0.113
(1.26) (0.78) (1.98) (-0.23) (1.12)
Labor productivity 0.00001 -0.00001  -0.00001  0.00005 -0.00004
0.22) (-0.28) (-0.17) (0.08) (-0.05)
Multi-plant operation 0.007 0.012 0.004 0.002 0.037*
(0.48) (0.72) (0.50) (0.09) (1.65)
Constant 0.332%%x 0.283** 0.092** 0.406**  0.372%%*
(3.73) (2.51) (1.80) (3.34) (3.11)
R? 0.215 0.184 0.282 0.381  0.212
No. of cases 102 102 102 49 53

Significance levels:

*kx 105 ** 5% and * 10%, two-tailed test.
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Table 6: cont.
Independent 1985
variables
Industries
All Producer Consumer
goods goods
D, D, D, D, D,
Exports, total 0.030%** 0.020% %= 0.043*++  .0.0019
(4.83) (4.12) (3.41) (-0.16)
intra 0.655%**
(3.91)
Imports, intra -0.055
(-0.82)
Seller concentration -0.00001 0.000007 0.00001 -0.00002 0.00004
(-0.19) (0.18) (0.28) (-0.41) (0.97)
Market size 0.0002*+*  0.0003***  (0.0001* 0.0004**+ (.0001
(3.91) (4.47) (1.61) (4.84) (1.28)
Demand Growth 0.267%%* 0.374%%~ 0.144** 0.112 0.161**
(2.86) (3.68) (2.60) (0.66) (1.77)
Labor productivity 0.000003 -0.00004 0.00002 -0.00004 -0.00001
(0.08) (-0.80) (0.95) (-0.68) (-0.17)
Multi-plant operation -0.101** -0.083* -0.198*++  .0.436** -0.078**
(-2.28) (-1.64) (-2.58) (-1.71)  (-2.09)
Constant 0.240%*+* 0.006 0.094** 0.244%*%  (0.480%**
(3.17) (0.042) (2.09) (2.00) (5.39)
RZ 0.438 0.390 0.539 0.691 0.177
No. of cases 105 105 105 52 53
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in the United

Dependent variable: Average plant size/TOP50 plant size

Independent variables 1979 1983
Exports, total 0.006 0.020
(0.23) (0.76)
Imports, total -0.002 -0.001
(-0.65) (-0.23)
Seller concentration 0.124** 0.151%*
(2.33) (2.32)
Market size 0.0006*** 0.0005***
(7.92) (8.00)
Demand growth 0.181** 0.080*
(2.63) (4.52)
Labor productivity 0.0002 -0.002
(0.08) (-0.73)
Multi-plant operation 0.005 0.149*
(0.35) (1.33)
Constant 0.194%*x* -0.038
(2.62) (-0.28)
R? 0.466 0.424
No. of cases 103 103
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I. The extent of sub-optimal capacity at the plant level
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1. Introduction

There are three main possible sources of economic gain arising
from the adoption of the Internal Market Programme: increased
specialization in accordance with the law of comparative advantage,
changes in economic efficiency brought about by increased competition,
and increased production levels due to a better exploitation of
economies of scale made possible by the increase in the size of the
market.

The aim of the work by Muller and Owen (19835) is to analyze the
last source. More precisely they consider the effect of trade on the
deviation of the representative plant size from the minimum efficient

technical scale (METS) at the industrial level.

2. Problems of data and specification

In our analysis for Italy we have followed the type of
specification proposed by Muller and Owen (1985). The sample adopted
consists of 14 industrial sectors (see Appendix A, table Al).

The sectors considered in the sample are only 14 because of the
problem of matching the engineering estimates of METS with the
official data on production, trade and number of plants.

A general problem with this type of data is the highly detailed
disaggregation with which METS estimates are supplied. We have adopted
the highest available disaggregation level (NACE 4 or 3 digits).

When official data were more aggregate than METS estimates, the
implicit assumption was that these estimates are representative for

the whole sector.
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Muller and Owen define their dependent variable as the ratio
between CAFS (the average size of the largest plants accounting for S0
percent of industry output) and METS.

Such definition, although preferable in principle, has been found
to be inapplicable because we lack physical output distributions by
size of plant for most industries. The problems arise in variuos
European countries. We had to redefine the numerator in a way that
corresponds to available data.

Our first choice was the average plant size, simply defined as
the ratio between total industry output and the number of plants in
the industry. The results reported in Section II, 2 are referred to
such definition of the dependent variable (we called it: DIMRL).

The independent variables are:

- the intrease in unit costs at 1/3 of METS (CDST);

- domestic market size, measured by the ratio between domestic
disappearance and METS (SIZE). Domestic disappearance (or apparent
consumption) 1is defined as Production + Imports - Exports

- export intensity measur-ed by one plus the ratio between exports
and production (ESP)

- import penetration measured by one minus the ratio between
imports and domestic disappearance (IMF).

All the variables are 1982-B3 averages.

As a first step, it is useful to analyze the correlation matrix
(see Table 1). There is a strong positive correlation between relative

plant dimension (DIMRL) and domestic market size (S5IZE) (r=0.7%9).
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Tab. 1 - Correlation matrix
DIMRL CosT SIZE ESP ESPEEC IMF IMPEEC
DIMRL 1
cCosT 0.10 1
SIZE 0.79 -0.02 1
ESF 0.55 -0.51 0.63 1

ESFEEC 0.63 =0.40 0.64 0.87 1
IMF 0.33 0.42 0.20 =0.06 -0.03 1

IMFEEC 0.33 0.09 0.21 -0.12 -0,17 0.53 1
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Relative plant dimension is also directly correlated with export
intensity (r=0.55). Further, DIMLR shows a very low positive
correlation with import penetration (IMF) and a negligible correlation
with the cost gradient (COST).

The correlation matrix also gives us some information about the
degree of multicollinearity among our variables. The evidence in Table
1 suggests that multicollinearity is a problem in our sample: there is
a high positive correlation between relative domestic market size and
export intensity and a negative correlation between the cost gradient
and export intensity.

This feature of our sample will have an influence on our ability
to disentangle the contribution of the various independent variables

in the "explanation" of the variance of the dependent variable.

3. Regression results

The results of regression analysis are presented in Table 2. We
have chosen an additive linear specification with all the variables
specified in their natural level. In eq. 2.1 all estimated
coefficients are, as expected, positive. The positive sign of the
import penetration coefficient corresponds to the '"market reducing
effect" bhypothesis. However, only for the market size variable we can
reject the hypothesis that the coefficient is zero at a significance
level of 90%. The overall explanatory power of the regressione is

good for a cross-section analysis (the determination coefficient is

0.69).
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Tab. 2 - Regression analysis of determinants of relative plant
size*: trade variables defined on a world basis.

[}

Constant SIZE  COST ESF IMP ! R2 adj-R2 F

I

eg. 2.1 -0.219  0.003 0.002 0.149 0.073 ' 0.69 0.56  5.09
(-1.14)  (2.20) (0.B1) (1.03) (0.79)!
]
eg. 2.2 0.030  0.004 ' 0.61 0.58 19.13
i
)
]
]

(1.27) (4.37)
eq. 2.3 -0.4864 0.004 0.36%9 0.090 ! 0.53 0.39 3.73
(=2.77) (1.43) (2.97) (0.83)!

*# Figures in brackets are t-statistics
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To understand whether multicollinearity creates problems in the
interpretation of the results, it is useful to compare eq. 2.2 (in
which all independent variables but SIZE have been excluded) and eq.
2.1. If the excluded variables had an explicative power independently
from SIZE, we should observe a reduction in the adjusted R-squared of
the new regression. The comparison of the two regressions reveals that
this is not the case and, hence, that in our model all the explicative
power is captured by the domestic market size variable.

This in not to say that there is a lack of relationship between
the other independent variables and relative plant size. We have
already noted from the correlation matrix that there is, for example,
a relatively good positive simple correlation between export intensity
and relative plant size. Moreover, eq. 2.3 shows that when relative
domestic market size is omitted from the analysis, the other variables
have some explanatory power. The conclusion 1is that variables like
export intensity explain the same portion of the variance of the
dependent variable as domestic market size; in other words, ESF seems
not to capture elements different from those already taken into

consideration by SIZE.

4, Further analysis

The conclusion exposed above seems to be in contrast with the
findings of Owen (1983) and Muller and Owen (19B3) concerning the role
of export performance in increasing the market facing the firm through

displacement of marginal competitors in the exporter’s own industry.
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Tab. 3 - Regression analysis of determinants of relative plant
size#: trade variables defined on a EEC basis.
Dependent variable: DIMRL

Constant SIZE  COST ESPEEC IMPEEC ' R2 adj-R2 F
!

eq. 3.1 -0.743  0.002 0.004 0.429 0.013 ! 0.79 0.70  B.62
(-2.58)  (1.4B) (1.86) (2.45) (1.94)!
]

-0.115  0.004 0,001 0.151 ' 0.65 0.55  6.33
(~0.72)  (3.96) (0.60) (0.83) !

r)

eq. 3.

# Figures in brackets are t-statistics
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In order to explore the role of international trade in a more
complete way, we have substituted the two trade variables (ESF and
IMP) with two analogous variables constructed on the basis of trade
flows with the EEC (ESPEEC and IMPEEC). The results (Table 3, eq.3.1)
show a clear improvement in the explicative power of the regression
(the determination coefficient rises from 0.6%9 to 0.79). What is even
more relevant 1is the increased role played by the two new trade
variables; their estimated coefficients are significantly different
from zero at a significance level larger than 90%.

A possible explanation of this result lies in the different
determinants of Italian foreign trade according to the different
geographical destination or origin of trade flows. More precisely,
intra-EEC trade, being mainly of the intra-industry kind, finds one of
its determinants in economies of scale. This characteristic is
certainly less evident at the level of total Italian world trade,
since part of it (especially trade with less developed countries) is
explained by the principle of comparative advantage. The comparison
between eq. 2.1 and eq. 3.1 stresses the relationship between
relative plant size and export intensity based on economies of scale.

In relation to the other independent variables in eq. 3.1, it
should be noted that the estimated coefficient of relative domestic
market size loses significance with respect to eq. 2.1. This is a sign
of multicollinearity, since in eq. 3.2, where the ESPEEC variable has
been omitted, the significance level of the estimated coefficient of
SIZE is substantially increased. Moreover, contrary to the results in
Table 2, the omission of ESPEEC causes a drop in the explicative power

of the regression (the adjusted R-squared falls from 0.70 to 0.53).
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Therefore, the role of the export variable is strengthened 1in our
second set of results, implying a relationship between a larger

European market and the size of industrial plants.

5. Elasticities

Finally, we present tha values of the trade elasticities. These
have been computed at the average level of the relevant variables. The
elasticities tell us the percentage increase of relative plant size
when the relevant trade variable varies by 1 percent (and all other
independent variables remain constant).

Computing these elasticities both for eq. 2.1 (trade flows with
the rest of the world}) and for eq. 3.1 (trade flows with the EEC) we
obtain the following results:

elasticity relative to:

Trade flows with export intensity import intensity
world 2,12 - 0.58
(eq. 2.1)
EEC 5.4% - 3.10
(egq. 3.1)

Combining these results and assuming balanced growth in trade
flows, so that both export and import intensities grow by 1%, relative
plant size would increase by 1.54% when we consider Italian trade with
the rest of the world, and by 2.35% when we consider [talian trade

with the EEC.
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é. Conclusions

This study has analysed the relationship between relative plant
size and a set of variables comprising relative domestic market size
and trade variables.

The results have confirmed the importance of relative domestic
market size in shaping the extent of suboptimal plant capacity. The
trade variables, when defined relatively to Italian world trade, don’t
have an explicative role independent from the domestic market si:ze
variable. However, when defined relatively to Italian trade with the
EEC, they tend to assume an autonomous role: the extent of suboptimal
plant capacity tends to be inversely correlated to the Italian
export intensity with the EEC and directly to the import penetration

trom the EEC.
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Appendix A - Data

The main statistical sources are:

- for the METS estimates : Pratten (1987)

~ for the number of plants : 1981 Census (ISTAT)

- for production data : Annuario di Statistiche Industriali
(ISTAT)

for trade variables : Annuario di Commercio Estero (ISTAT).

The sectors considered are listed in table A.1. The values of
variables are reported in table A.Z.

We were aware of a major weakness connected with the adoption of
the average plant size as a measure of the representative plant size:
the Census provides us with a number of plants which is greater than
the number which can be considered economically meaningful. For this
reason we have tried a first rough adjustment; we have computed the
number of plants in which are enrolled the higher 90% of the
empl oyees. Similarly we have taken into consideration ?0% of
production and trade variables. The regression results relative to
this set of "adjusted" variables are presented in Table A.3, where the
dependent variable, defined as indicated above, is called DIMRL1. The
results are not very satisfactory: the explanatory power is lower than
that of the regressions in Table 2 and 3 and the coefficient of

relative domestic market size disappears.
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Tab. A.1 - List of the sectors entering our sample (in brackets
are the corresponding NACE Group):

1. Mineral 0il Refining (140. 1)
2. Steel (221)
3. Cement (242)
4. Glass bottles (247.2)
5. Paint (255)
6. Ball bearings (326.2)
7. T.V. sets (345. 1)

8. Fridges and washing machines (346)

9. Cars and trucks (351)
10. Bycicles (363)
11. Beer brewing (427)
12, Cigarettes (429)
13, Leather shoes (451)

14. Tyres (481.1)
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Table A. 2 - Values of the variable
obs DIMRL SIZE COST ESP IMP
1 0.076950 8.447546 5.000000 1.203405 0.732884
2 0.018320 4.887607 10.00000 1.108328 0.902384
3 0.199820 30.52772 39.90000 1.013013 0.994892
4 0.079192 12.62783 11.00000 1.158928 0.944145
5 0.031180 30.36715 4.400000 1.322770 0.757259
6 0.106839 1.031556 9.000000 1.327744 0.686707
7 0.001572 4.628425 5.000000 1.307634 0.274220
8 0.014728 11.24129 9.700000 1.275459 0.992585
9 0.019133 4.278750 14.70000 1.354893 0.541265
10 0.243052 17.22676 4.000000 1.474682 0.941284
11 0.120192 4.888236 18.00000 1.007383 0.878635
12 0.009375 4.988617 3.000000 1.009719 0.238210
13 0.369171 75.28520 1.500000 1.841860 0.697140
14 0.040928 1.870389 7.500000 1.404775 0.729379
obs ESPEEC IMPEEC
1 1.071853 0.959930
2 1.052878 0.931055
3 1.000234 0.998286
4 1.102610 0.957359
5 1.080464 0.822852
6 1.175213 0.792949
7 1.194701 0.768975
8 1.192782 0.988244
9 1.231858 0.596886
10 1.338946 0.973909
11 1.002955 0.909688
12 1.005451 0.922388
13 1.531160 0.939696
14 1.004201 0.994773
Tab, R.3 - Regression results. dependent variable DIMRL 1x
J
Constant SIZE CosT ESF IMF ' RZ  ady-R2 F
-0.657 -0.002 0.004 0.572 0.080 ' 0,34 .
(-1.61) (-0.78) (1,12) (1.89) (0.42) ! 0.09 S

¥ Figures in brackets are t-statistirs
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Appendix B - Discussion of the model

The approach adopted by Muller and Owen is derived from the work
of Scherer et al. (1975). They try to explain the differences between
observed and optimal plant sizes by taking into consideration
location (theoretic) variables, market size variables and market
imperfections variables, All the analysis relies on the assumption
that plant/cost curves show increasing returns up to some minimum

efficient scale, and constant returns afterwards.

Location theoretic variables

Scherer et al. (1975 show that, if unit transport costs are
included in the standard cost minimizing problem, the plant size
chosen will be greater the less steep is the upward slope of the unit
distribution cost curve and the steeper is the downward slope of the
unit production cost curve.

Assuming evenly distributed demand, circular markets and uniform
costs ot shipping one unit of output one radial mile, it can be shown
that the slope of the unit distribution cost curve increases with
freight rates and decreases with geographical demand density and with
plant’s share of market.

Hence a steeper slope of the umit production cost curve, lower
transport costs, a higher demand density, and a higher concentration

(as a proxy of market share) bring about a greater relative plant

s1ze.
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Market size variables

Domestic market size can explain why plant size can be smaller
than METS (minimum efficient technical scale).

First, some markets may be too small to support even a single
plant of METS.

Second, even i1f a small market is large enough for a METS plant,
on the demand side the buyers might exhibit a preference for having at
least two alternative supply sources. The rational behind this
preference lies in the security against total interruption of supplies
and in the "bargaining power conferred by being able to play one
producer off against the other".

Third, dynamic considerations should enter the analysis."The
smaller the market 1is for any given growth rate, the more time it
takes to accumulate a demand increment sufficient teo absorb the
capacity of a new METS plant”.

Moreover, in an oligopolistic market, if firms attempt to
maintain their market share in the face of a limited growth in demand,
they face & trade-off between carrying excess capacity for a
protracted period and sacrificing scale economies. They would be
readier to carry excess capacity if METS is small relative to the
market, market shares are large, and demand growth is fast.

Muller and Owen (19B3) criticize the share maintenance hypothesis
(also ‘"spheres of influence” hypothesis) when referred to European
business, claiming that it contradicts the observed fast growth of
intra-EEC trade. In fact one of the implications of that assumption
is that intra-EEC trade should have been lower 1in those industries

where industrial concentration was higher. On the contrary, Owen
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(1983) found that intra-EEC trade for most manufacturing industries
was weakly positively associated to industrial concentration. As a
consequence, according to Muller and Owen, 'seller concentration should
not enter as an explicative factor in the dynamic consideration.

The domestic market doesn’t represent the actual market facing
the plant; also the export market should be taken into consideration.
The relationship between the export market and relative plant size
is similar to that between domestic market and plant size. 1In
addition, however, Owen (1983) and Muller and Owen (1985) stress
that, if an aggressive business behavior is assumed, export
performance has an influence on the displacement of smaller plants in
the exporting industry and not only in the importing one. The idea is
based on the observation that, in a given industry, plants of
different size coexist. This may be partly explained by the costs of
driving out smaller high cost competitors; these costs are determined
"by the short term penalties which arise from the need to operate
larger capacity at below full utilization during the period prior to
the withdrawal of the high cost competitor, more especially if the low
cost competitor feels it necessary to reduce prices prior to the
retirement of the smaller competitor" (Owen (1983), p.18). On the
other side of the balance, there are "the additional profits which
will accrue to the larger, low cost producer over the life of its
plant as a result of driving out smaller competitors". The
opportumities offered by international trade raise the expected gains
of predatory actions: as a consequence the marginal producer becomes

more vulnerable in both the export and the domestic market.
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Import penetration may have, on an apriori ground, two
contrasting effects. On the one hand, imports may spur firms to build
plants of efficient size to meet or beat competition. On the other
hand, imports may indicate sectors in which a country has comparative
disadvantage.

Tariffs might have a residual role in explaining suboptimal
plants. In this case a negative relationship between tariff levels
and relative plant scale is predicted.

A further element connected with market size, is the diversity of
plant’s output mix. As underlined by Caves et al. (1980) and by
Baldwin and Gorecki (1986}, if the market for a particular product
limts a specialized plant to suboptimal scale, a possible response
for the manager is to diversify the plant’s output mix.

The importance of considering this element stems both from recent
developments in the theory of industrial organization (which specify
rigorously the conditions under which production of many products in
one plant is more efficient than production in many plants) and by the
fact that firm’s decisions as to the number of products, length of
production run and number of plants are taken Jjointly.
Unfortunately, with the exception of Baldwin and Gorecki (1986), most
of the empirical literature has only taken into consideration the

plant size dimension.

Principal Results

The regression analysis performed by Scherer et al. is based on a
pooled sample of 12 sectors and 6 countries with data referring to the

mid-sixties.
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An idea of the results they obtained for the pooled sample is as

follows:
TOF 50 = .59 SIZE + .14 COST - .17 TRANS - .07 DENS + .82 MS3
METS (.41) .11 (.06) (.06) (.10

+ .13 (1-IMFORT) + 3.78 (1+EXPORT)
(.18} (.86

(all variables in log)

(standard errors in parentheses} R2=.81
where Top 50 = average size of the largest plants accounting for 30%
of industry employment or output, METS = minimum efficient tecnical
scale, SIZE = ratio of domestic disappearance to the estimated METS,
C0ST = percentage by which unit cost rises building at 1/3 METS, TRANS
= transport cost per dollar of product value, DENS = product of
adjusted population densities and the indices of real national income
per capita, M83 = three firm concentration ratio, IMPORT = ratio of
imports to domestic consumption, EXFDRT = exports as a percentage of
domestic production.

International and interindustry variations in relation to METS
are associated with market size, sales concentration and a set of
variables reflecting the cost minimising decisions of firms serving
spatially dispersed markets.

From these results two possible contrasting indications arise.
On one side, the positive and significant estimated coefficient of MS3
(seller concentration measure) might be consistent with the market
share maintainance hypothesis., On the other side, as noted by Owen
(1983,p.31) and by Muller-Owen (1985) the elasticity of the dependent
variable with respect to export performance was nearly four: this

high figure cannot be explained by export performance alone. It is
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suggested that this figure is consistent with aggressive business
behaviour: "The sensitivity of the change in representative plant
size to export performance could only have been accounted for by the
displacement of smaller plants in the exporter‘s own industry, taking
place at the same time as the drive towards export markets"
(Muller-Dwen, p.48B)

It 15 difficult from this type of analysis to distinguish among
these competing hypothesis.

Muller and Owen repeat the same type of analysis for West Germany
alone. They don’t take into consideration any location theoretic
variables. Moreover assuming aggressive business behaviour, they
don‘t consider any concentration measure.

For 1965 the result of their regression on the basis of a sample

of 12 industries are:

TOF 50 = -0.22 + .60 SIZE + 0,43 COST + 1.44 (1 + EXFORT) +
METS (6.31) (1.34) (1.13)

+ 1.84 (1 - IMFORT)

(.82)
(all variables in log}
(t - ratios in parentheses) R2=,B6

Problems of multicollinearity create difficulties in identifying
the role of all independent variables with the exception of SIZE.

In a separste regression with only two indipendent variables
(SIZE and EXPDRT) the export performance measure is significant.

The same analysis is repeated for 1980. The regression results

with METS at 1980 level is:
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TOF 50 = -3.48 + .59 SIZE - .33 COST + 4.5B (1 + EXPORT) +
METS (6.16) (-1.08) (3.89)
+1.21 (1 - IMPORT)
(5.01)
(all variables in log)
(t - ratios in parentheses) R2=,79

In this case the multicollinearity problem seems less severe:
both domestic and foreign markets effect are positive. The effect of
imports on plant size suggests that the market reducing effect
dominates the competitive pressure effect.

At this stage of the analysis Muller and Owen perform a
simulation and compute the diftference between the actual average plant
size in the sample 1n 1980 and the plant size that one would expect in
case the EXFORT and IMPORT wvariables had remained equal to their
values. The result suggests that trade had the effect of doubling
plant size, and that the gains in efficiency were equivalent to 20% of

the original increase in trade.

Some considerations

The description above suggests us to illustrate some weaknesses

of this type of empirical exercise.
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First, as we have already noted, there is no strong theoretical
background to these exercises. However this is a general problem with
most of the empirical exercises in the field of industrial
organisation,

Second, the elements of theory available suggest no clear causal
link between two variables. An example is the relationship between
concentration and relative plant size. It can be held that the causal
link goes from concentration to relative plant size. However,
there 1s a large body of literature suggesting that plant size is a
determinant of concentration.

In the empirical exercises, the possibility of a bias in the
estimated coefficient caused by this double causation link, shoul be
evaluated.

Similar problems arise for the causation 1link between relative
plant size and export intensity.

Third, as already mentioned, most of the studies don’t consider
that a firm takes joint decisions regarding the number of products,
the length of production runs per product and multiplant operations.
This a source of possible misspecification of the relationship to be
estimated.

Finally, the use of engineering estimates of economies of scale
is probably the best approach to measure economies of scale; however,
for their nature, they impose a lot of constraints on the availability
of a representative sample of industries. For example Scherer et al.
(19735) adopted a sample of B only sectors and Muller and Owen (1985S)

adopted a sample of only 12 sectors.
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Furthermore, the low number of observations relative to the
number of independent variables, reduces the number of degrees of
freedom, creating inferential problems.

All the weakness described are common to the body of economic
literature existing on the topic we are dealing with. There is no
short and easy way out of them: only the gradual improvement in the
general availabilitu of basic informatiom will help. In the meantime,
we have perfomed our exercise, providing some evidence. We feel great
caution is needed in interpreting our results, as well as those of

similar studies.
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Il1. Case studies
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1. The approach adopted

Dur analysis could stop here. However, there are two reasons for
adding a few paragraphs.

In the first place, we have expressed motives for great caution
in interpreting the Muller-Owen results; furthermore, our application
of the Muller-Owen approach to Italy has been severely limited by the
scarcity of the data available.

In the second place, recent literature expresses the opinion that
scale economies at the plant level are less important than believed
previously. The relevant economies of scale and scope in the large
corporation are to be found mainly in R&%D and in the distribution
business (i1ncluding advertising); possibly also in finance. This
beliet moves the core of the argument in favour of trade
liberalization from the traditional variables examined by Muller-Owen
and by us to a much larger set of variables.

We are not here in condition to tackle such a larger view of the
benefits from integration.. On the other side, even the narrow view of
economies of scale in production has a widely variable validity among
sectors. In a few sectoral cases, where non-tariff barriers have been
maintained at a very high 1level, the effects of trade liberalization
can be quite important. This is mainly the case of sectors dominated
by public procurement. We have gathered some additional information on
three such sectors: pharmaceuticals, telecommunications equipment,
railways equipment.

The general conclusions from the three short sectoral studies are

the following:
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- the sectors considered show peculiar signs of weakness with
respect to the rest of Italian industry and to the same sectors in

other countries,

- such weakness is somehow related to the role played by the

public authorities in controllind demand,

- and goes with fragmentation at the firm level, sometimes also

at the plant level.



- 241 -
4.33

Pharmaceutical products

1. Introduction

In Italy, like in other countries, the government has played an
active role in both the supply and the demand side of the
pharmaceutical industry.

On the supply side, the areas of government intervention are
mainly related to the controls over introduction of new products, the
controls over drug prices and the attitude towards patent protection.

On the demand side, the gqovernment is the largest buyer of
pharmaceutical products.

Before considering these two aspects, we introduce syntetically a

picture of the pharmaceutical industry in Italy.

2. Dimension and internationalization : some evidence

In relation to the size distribution, in the period 1971-1981
there is an increase of 17.1% in the representative (1) plant size and
of 5.4% in the representative firm size.

Among the dimensional classes, the largest relative increase is
observed in the class from from 500 to 999 employees, while there is a
decrease in the percentage of employees in the largest dimensional
class (table 1).

The top 50% index shows an increase of 9.5% at the plant level

and a decrease of 7.7% at the firm level.
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For an international comparison the available data are referred
to firms with more than 20 employees. Table 2 shows that in 1981 the
average firm dimension was smaller in Italy than in the United
Kingdom, in West Germany and in Danemark; it was similar to the one in
France and larger than in Belgium.

While technical scale economies are irrelevant in the
pharmaceutical industry, firm level scale economies ( in R-D
activities and marketing activities)are important. As a consequence
the evidence that average firm dimension is lower in Italy than in two
of the leading countries can be interpreted as a signal that Italian
firms do not reach on average an optimal dimension.

In relation to the internationalization, we first consider the
role of foreign direct investment.

In 1986 the share of foreign controlled +firms in the Italian
finished drug market was 58.5% (table 3). It increased in the last few
years, but it has not yet reached the level it had in 1970.

The importance of foreign capital in terms of market share is
high 1n almost all developed countries (for example, in U.K. it is 65%
and in France 50%).

What differentiates Italy from other developed countries 1is the
low profile of Italian production abroad: the ghare of major world
markets held by Italian companies is lower than one percentage point,
except i1n such markets as S5pain, Brazil and Argentina (table 4).

Foreign trade is not very important for Italian.pharmaceutical
industry. In 1985 export intensity (measured as the ratio between the
value of exports and the value of sales) was 18.4% and import
penetration (measured as the ratio between the value of imports and

domestic disappearance) was 21.4% (Table 5). When we consider only
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finished drugs, the two ratios are even lower (14.1 the former and
16.6 the latter) even if they shows an increase with respect to their
1975 level.

For a comparison with other developed countries we consider data
for 1982 in table 6 (2).

Export intensity of the italian pharmaceutical industry is
clearly lower than the average for the EEC (15.8% compared to 31.7%).
Such a gap is not observed for import penetration (in Italy it is
15.0% and on average in the EEC it is 21.8%).

In summary, Italian pharmaceutical industry, with respect to
other advanced countries, has a lower average firm dimension, and
lower values for export intensity and production abroad.

The +two aspects are likely to be related, and to be at least

partially due to a peculiar behaviour of the public authorities.

3. Public expenditure

Up to the end of the seventies there has been a continue increase
1n the public component of pharmaceutical expenditure. More precisely
public expenditure for prescription drugs sold in pharmacy (which
account for the largest part of total consumption) bhas continuosly
increased its share of total expenditure up to 1978B; after that year

the share has remained approximately costant.
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The incidence of Italian pharmaceutical public expenditure on GDF
was, in 1986, 0.78%: this figure is lower than the one for France
(0.95%) and West Bermany (0.94%), but higher than the one for U.K.
(0.54%) (Table B). Moreover in Italy it is decreasing after 1975,
while in the other three countries there is an increasing trend.

In Italy, similarly to other countries, a new pharmaceutical
product requires an official approval. In general, a new drug has to
pass a test concerning its safety and its effectiveness.

When compared to those ot other advanced countries, in Italy the
standards required to pass the registration test have been very low.

However, in the last few years there has been an unofficial
adoption of the EEC standards.

Generally, after a product has obtained official approval, firms
.wait for its admission in the Prontuario Terapeutico Nazionale (FTN),
i.e. the list of products that the doctor can prescribe within the
framework of the Servizio Sanitario Nazionale [SSN, i.e. National
Health Servicel.

In theory, the admission to PTN is an instrument for the
government to control the composition of public expenditure. However,
almost all the products that obtain the registration are also included
into PTN; being the selectivity of the registration very low, the FTN
becomes an unexploited instrument for that objective.

One consequence of this state of affairs is that in 1981 3/4 of
public consumption for finished drugs is for product classified as
"less effective" (i.e. the second group) in the PTN (Table 9).

This lack of selectivity has clearly favoured national firms,
which have been characterized by a low innovative content of their

production.
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Two other factors have favoured the maintenance of this
situation. Firstly, until 1978, in Italy there has been an absence of
patent protection. Secondly, the regime of administrative prices has
not been qualitatively selective; the methodology adopted in setting
prices didn’t take into consideration the innovativeness and the
therapeutic value of the product. After 1978, the new system included
allowances for research contents of new products.

The approach adopted has been to favour the R-D activities
localized in Italy: in setting the price an increase of 12% 1s
recognized for innovative contents to firms which have R-D activities
in Italy, while an increase of 10% is accorded to firms with R-D
activities located abroad.

All these elements wunderline that, while government attitude
favoured national companies, this didn’t happen within a framework of
industrial policy aimed at strengthening the ability of Italian firms
to compete on international markets.

Even if 1in 1978 there has been some indication of change in
government attitude, in 1981 the largest share of drugs produced by
Italian firms was composed of products belonging to the second group
of PTN; on the contrary, foreign firms had their production mainly
composed by the more innovative products belonging to the first group
of PTN (Table 10).

Italian firms don’t have R-D laboratories able to produce a
sufficient number of new products with some innovative content. This
is a consequence of the delay with which some Italian firms started to

devote resources to R-D activities during the 70’s. The introduction
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in 1978 in Italy of patent protection, required a change of strategy
by Italian firms. For this reason Italian firms started to look for
products to sell under license.

The results of a research conducted by Irs in 1983 on the basis
of firm interviews, show that in 1975 only 32% of innovative products
sales by Italian firms were based on innovations developed by others
and that in 1981 that percentage rose to é1%. There are many reasons
that create an incentive for the multinational firms to sign these
agreements. First, it is not true that two or more sellers share a
static market. 1In fact the summation of more marketing strategies
produces an expansion of unespected dimension in consumption. This
outcome is also one of the reasons behind the "“cross-licensing"
phoenomenon at international level. Second, the 1licensing agreement
is in some cases, just a first step in a merger process. Finally, but
not less important, Italian firms have a better knowledge of the
Italian market so that they are more able to speed up the successful

introduction of a new product.

4, Final comments

Although the pharmaceutical industry is not subject ¢to public
procurement, the government relied on other instruments to protect the
domestic industry: registration of new drug, admission to
prescription within the National Health System, patent recognition

and price controls.
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While economies of scale at the plant level are very low, the
abolition of barriers can increase firm size. This can favour an
increase in the number of specialised R-D laboratories, possibly
bearing an increase in the amount and productivity of innovative
expenditure.

It is not clear how Italian firms, with their actual inability to
compete at an international level, can exploit the potential gains of
a less fragmented European market.

On the contrary, the question is whether Italian firms will still
be able to conclude license agreements with foreign multinationals in
a market characterized by a free access to information and by more

impartial registration systems.

Notes

(1) - Defined as the Florence median or Midpoint plant. This measure
is the median of the first moment distribution (i.e. it measures
the dimension of the plant which divides the population so that
half of the employment comes from larger and half from smaller
plants).

(2) - The figures presented in table 5 and 1in table & are not
comparable because of the different definitions of the relevant
industry).
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Tab. {1 - Manufacture of pharmaceutical products (NACE 257)
Size distribution: plants and firms

1971 1981

Employees Flants Employees Plants

N. % N. % N. % N. %
1 -5 627 1.0 219 25.7 602 .9 213 27.4
6 -9 731 1.2 102 11.9 659 1.0 0 11.7
10-19 2126 3.5 153 i7.9 1322 2.0 96 12.3
20-49 4854 8.0 157 18.4 4443 6.8 137 i7.5
50-99 5377 8.9 79 9.2 6464 9.9 92 11.7
100-199 2035 14.9 62 7.2 B362 12.8 58 7.4
200-499 19307 31.8 61 7.1 18887 28.9 63 8.0
S00-999 12156  20.0 i7 2 19894 30.4 28 3.6
more than 1000 b467 10.7 S .6 4763 7.3 3 .4
TOTAL 60680 835 65396 100.0 783 100.0
M=71,0 Me=317.5 TopS0%=S14 M=83.5 Me=371.7 Top50%=562.8

1971 1981

Employees Firms Employees Firms

N. % N. % N. % N. %
1 -8 415 .6 134 21.4 313 .4 95 18.4
6 -9 S36 .B 7S 12.0 427 .6 ' SB 11.2
10-19 1460 2.2 104 16.6 1040 1.5 TS 14.4
20-49 3913 5.8 131 20.9 3170 4,6 o7 18.7
50-99 3979 5.9 61 2.8 4779 7.0 69 13.3
100-199 6090 9.1 43 6.9 6052 B8.B 43 8.3
200-499 15892  23.8 S50 8.0 16006  23.3 S50 2.6
SO0-999 10462 15.7 15 2.4 15504 22.6 22 4.2
more than 1000 24079 36.0 12 1.9 21413 31,2 10 1.9
TOTAL 66826 625 68704 100.0 519 100.¢
M=106.9 Me =554.0 TopS50%=1315.5 M=132.4 Me=5B83.9 Top50%=1213.
M = average si:ze
Me = Florence Median

Top 50% = average size of the largest plants (firms)
covering 50% of the employees

Source : ISTAT, Census
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Tab. 2 -~ Manufacture of pharmaceutical products (NACE 257) - 1981
International comparison of size distributions: firms

Employees
% % % N.

20-99 100-499 more than 500 Total M
Italy B.9 34.6 56.6 643356 253.3
West Germany n.a n.a 67.7 B6376 319.9
France 2.6 44.8 435.7 63205 242,72
Belgium 15.3 34.1 50.6 9960 195.3
United Kingdom 4,7 16.6 78.7 68432 488.8
Denmark 5.0 24.4 70.6 7229 425.2

Firms
Italy 51.2 36.6 12.2 254
West Germany n.a n.a 13.7 270
France 45.6 41.8 12.6 261
Belgium 60.8 29.4 7.8 o1
United Kingdom 42.9 34.3 22.9 140
Denmark 41,2 35.3 23.5 i7

Note: M = average firm size
Source : Eurostat
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Tab. 3 - Share of domestic market controlled by foreign capital
(% sales of finished drugs)

1975 1984 1985 1986
Italy 63.9 56.0 S7.1 o8, 1
France 46.2 50.0
West Germany 31.8 35.0
United Kingdom 63.0 65.0
usA 21,6 (1)22.0

(1) 1985

Source: Farmindustria, "Indicatori Farmaceutici®

Tab. 4 - Market share of italian firms in some foreign countries

Martet 1973 1983
West Germany .2 .8
France .1 o2
United Kingdom o1 3
Spain 2.7 3.5
usA - .4
Canada - .2
Japan - -
Brasil 4.6 3.4
Argentina . n.a 2.3
Messico 2.7 n.a

Source : Lucioni (1983)
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Tab. 5 - Exposure to international competition

Total Finished Drugs

1985 1986 1975 1985 1986
Export Intensity 18.4 17.0 8.8 14,1 11.9
Import penetration 21.4 22.0 2.1 16.6 16.7

Source : our elaborations from data in Farmindustria,
"Indicatori Farmaceutici"

Tab. 6 - Exposure to international competition

export import

intensity penetration

1982 1982

Italy 15.8 15.0
Germany 30.4 19.5
Uk, 37.9 19.0
France 23.8 12.3
EEC 31.7 21.8

Source : our elaboration from data i1n Burstall (1985)
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Tab. 7 - Private and public expenditure of prescription
drugs in pharmacy

Total Public Private exp.
expenditure exp. %
out of
(billions lire) % ticket the pocket
1965 473 60.9 - 39.1
1975 1539 64.7 - 35.3
1978 2224 B80O.7 3.7 15.6
1979 2474 75.8 11.3 13.5
1980 3120 82.0 9.9 8.1
1982 5150 B3.6 7.1 9.3

Source : Lucioni (1986)

Tab. B8 - Incidence of pharmaceutical public
expenditure on GDF (%)

Italy France West Germany U.K.
1965 .74 .B3 .46 .41
1970 .79 .B4 .66 .41
1975 .71 .89 .B6 .43
1980 .67 7T .B4 .50
1985 .Bb .90 .90 .93
1986 .78 .95 .24 .54

Source : Farmindustria
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Tab. 9 - Composition of public consumption for finished drugs

1978 1979 1980 1981

Share of products
- belonging to

I group 18.8 21.2 23.7 25.0
~ belonging to

I1 group B1.2 78.8 76.3 73.0
Source : Lucioni (1983)
Tab. 10 - Analysis of sales according to nationality of

firms and to groups of FTN - 1981

Italian Foreign
firms firms
Share of products
sold belonging to
- I group 38.7 22.7
_ II group 61.3 773

Source : Lucioni {1983}
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Telecommunications Equipment

1. Introduction

It is widely recognized that in Italy there is a fragmented and
overlapping set of telecommunications institutions.

The government has a legal monopoly of the provisions of basic
networl services. Actually, the services are provided in part directly
by the Ministry of Fosts and Telecommunications (FT) and partly by
licensed private, but government-owned, companies (SIF, Italcable and
Telespazi0).

The distribution of duties among the various firms reveals a very
complicated structure. Within the Ministry of PT there are two main
organizations, each one with its own budget. The Fosts and
Telecommunications Administration provides all domestic and part of
the i1nternational telegraph and telex services; the ASST (Azienda di
Stato per 1 Servizi Telefonici) provides international telephone
services with all European and part of the Mediterranean countries; it
also handles the domestic trunk services between 37 digtricts. The
largest licensee, SIF, provides all local telephone services and part
of the domestic trunk services. Italcable handles international
telegram services and intercontinental telephone, telegram and telex
services. Finally, Telespazio provides the installation and operation

of the ground equipment of telecommunication via satellite.
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2. Public procurement

from a technical point of view only the purchasing activities of
the government-owned firms should be considered as public procurement.
However, it would be misleading to consider the activities of a firm
like SIF, which is a licensee by the government, is organized into
a state holding group (STET) and is the largest buyer of the sector,
as purely private operations {(Pontarollo (1983)).

SIF’s purchasing system is based on a Memorandum, released at the
beginning of every year, which includes the plan of the total value of
annual purchases and an updating of the price level. In its purchasing
policy SIF has generally respected the "historical market shares®
principle. This kind of behaviour has been favoured both by structural
characteristics of the industry and by technological characteristics
of the products. In relation to the former, the monopsonistic
structure of the industry, together with the right of the monopsonist
to set technical stac~dards, creates an incentive towards collusion
among the producers to riequilibrate the balance of power. Also
technological factors have favoured a stable relationship between the
suppliers and the buyer; electromechanical switches, for example, are
usually installed for a given capacity, which can be increased at
decreasing costs. As a consequence, once the original contract is
assigned to a firm, the works of expansion are assigned to the same
firm.

An important feature of SIF‘s attitude bhas been the constant
attention to the evolution of Italtel, which is a manufacturer

belonging to the same state holding as SIP. An example is the decision
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by SIF to slow down the conversion of the network from
electromechanical to electronic technology, waiting for Italtel to
produce its own system. In fact Italtel (which has the largest mariket
share for public switches) was rather slow in developing the necessary
skills for the electronic technology in public switches.

The second largest buyer in Italy is ASS57. Differently from SIF,
it is required by law to call for competitive tenders for the supply
of telecom equipment and systems. Usually, the invitation to tenders
is made to companies operating in Italy. However, this kind of
protection has not been accompanied in Italy, differently from other

countries, by the elaboration of detailed technical standards.

3. Some characteristics of industry structure and performance

3.1. Dimension: plants and firms

Table 1 shows the evolution of plant size distribution between
1971 and 1981. During this period there has been a reduction in
average plant dimension (from 153.1 to 105.4 employees). In terms of
size distribution the largest relative decrease can be observed i1n the
highest dimensional class, while the largest relative increase is for
plants of 200 to 497 employees.

This evolution is a sign of the restructuring in the industry
following the progressive introduction of new technologies which are
less labour intensive (for example the passage from the
electromechanical to the electronic technology in public switches).

In relation to economies of scale at the plant level, recent
estimates reported in the survey paper by Pratten (1987) show how the

increase in unit costs below minimum efficient scale (MES) for the
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production of exchanges are not very high (5-10% at 1/3 MES in West
Germany and 4.5% at 1/2 MES in the United Kingdom). At a more
qualitative level, it has been suggested that until recently "because
the processes i1nvolved assembling a large number of component parts to
produce the final product, the design and organization of the
manufacturing and assembly process may have improved as cumulative
output increased, so that unit costs declined with scale of
production" (DECD, 1983 pg.34). The technological evolution which has
characterized almost all product segments of this sector, has shifted
the main source of economies of scale at the firm level to R-D
activities. The evolution of R-D expenditures has been characterized
by the strong increase in fixed investments for the acquisition of the
basic principles of the new technology and by the necessity to produce
continuous and sistematic innovations along given technological
trajectories.

The 1ntroduction of new technologies has started in different
countries at different periods. For example, West Germany and Italy
are clearly latecomers i1n the introduction of electronic technology in
public switches, when compared to France, the United Kingdom and the
United States (Table 2).

As a consequence, an international comparison of <firm dimension
should be interpreted taking into consideration these elements. The
fact that in 1981 average firm dimension was in Italy and West
Germany, higher than in the United Kingdom and in France (Table 3), is
partly explained by the delay in the substitution of electromechanical
(more labour-intensive) with semielectronic and digital technologies

in the former countries.



- 259 -

4.51

3.2. Concentration

In the production of public switches, Italy has an anomalous
supply structure characterized by a high number of manufacturers
relatively to domestic market dimension (Table 4) (1),

In 1984, Italtel (part of the state holding IRI-STET) had a
market share of 50.3%, Telettra (part of the FIAT group) had 2.6%, GTE
Italy (Siemens) had 12.6%, Face (Alcatel Nv) had 14.2% and Fatme
(Ericsson) had 20.3%. It can be also observed how market shares of the
five firms fluctuated only marginally during the last ten years; this
evidence is in line with the already discussed "historical market
shares" principle.

Evidence on the fragmentation of Italian industry of public
switches relatively to that of other countries, is presented in Table

5. Italy is the only country having four suppliers, each gne with a

share of more than 10% of the market. Moreover, in Italy the producers
offer three different switching systems (UT, Axe, 1240), while in most
other European countries only two switching systems are allowed.

This situation is in evolution because of the decision in 1982 by
CIFPE (the government Committee for Economic Planning) to reduce the
number of suppliers of digital switches to two. As a consea.ence,
Italtel, GTE and Telettra decided to set up the so-called National
Fole for the unification and development of switching systems.
Successively, Italtel and Telettra decided a process of merger with
the creation of a new company, Telit; the agreement collapsed in
November 1987.

Whenever the reduction to two switching systems should take
place, either Fatme of Face would be the second supplier. The result

would depend on the configuration of the international agreements
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concluded by the National Pole. What is certain, neither wants to exit
from the market. Actually, both of them are operating with more
manpower than is really required; the aim of this behaviour is partly
linked to the desire to maintain their bargaining power.

A further element revealed by Table S5 1is the strong penetration
of foreign capital in Italy in comparison to what has happened 1n
countries like France, MWest Germany and the United Kingdom. Rather
than a signal of openness, it is the result of the
technological backwardness of the country.

The market for transmission eguipment 1is characterized by a
similar fragmentation on the supply side, but this is not anomalous
with respect to the experience of other countries.

The largest supplier 1s Telettra (34% of the market) followed by
Italtel (24%) and G6TE (15%) (Table 6). In comparison to public
switches there is a new large supplier: the British company, Marconi
{10%). Also in this market there is a large presence of foreign
capital.

In terms of the attitude of SIF towards Italtel, it 1is
interesting to compare data for the whole market of transmission
equipment in Table 6 with data referred to that portion of the market
generated by SIP purchases (Table 7). It is evident how larger is the
share of the latter market detained by Italtel.

For- the terminal equipment market, indications are similar to
those for the previous markets in terms of fragmentation and the
presence of foreign companies. The evidence in 1985 for three products

of this segment of the industry is presented in Table B.
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3.3. Foreign trade

Telecommunication industry is characterized by a positive trade
balance (Table 9). This result is in 1line to what happens in other
countries with the notable exception of the United States
(Cozzi~Genco, 1987).

Disaggregating the flows of international trade by area of
origin and destination, it can be cobserved that the origin of Italian
trade surplus is due to the high surplus with non-Oecd countries which
more than compensates for the deficit with Oecd-countries (Table 10).

A final useful information can be obtained from Table 11: export
intensity for the whole industry (defined by the ratio of the value of
exports to the value of production) has been around 20% during the
period 1980-1984. Import penetration during the same period has
fluctutated between 12% and 14.5%. However, when we consider data at
the firm level, we can observe very disparate performances: for
example, Italtel has a very low export intensity (arpund 6%), while
Telettra has a very strong exposure to international comﬁetition

(export intensity is more than 50%).

4, Final comments

The completion of the internal market will affect the
telecommunication industry, mainly in opening up competition in the
public procurement area and in the homogeneization of technical

standards.
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These measures imply an enlargement of the market actually facing
the firm. Given the existence of scale economies, particularly in R-D
activities, this evolution should bring about an increase in
efficiency at the EEC level.

Moreover, integration can have two other positive effects at the
EEC level (2). The first effect relates to allocative efficiency; it
ic likely that the passage from a protected to a liberalized situation
will increase competition.

Secondly, the completion of the internal market can be also
interpreted as a strategic trade policy (defined as a policy "aimed at
securing national advantage in oligopolistic industries") at the EEC
level. In fact, additional benefits can be obtained by the
strengthening of the competitiveness of European firms vis-a-vis US
and Japanese rivals.

The liberalization of the telecommunication market 1is also
favoured by the autonomous evolution of the industry. The distribution
of world demand between systems and equipments for public networks and
private systems and terminals sﬁould gradually shift in favour of the
latter. According to Dataquest in the period 1986-1990 the average
incidence of pFivate systems and terminals will be 37.4%; it will
increase to 44.9% during the period 1991-1995 and to 55.1% during the
period 1996-2000.

This means a shift towards a segment which is already

characterized by a high degree of liberalization.
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The evolution in Italy is similar to the one for the world as far
as the general tendency is concerned. However, public switches, while
losing some ground, should maintain the largest share of the market in
the next ten years. This is mainly due to overlapping between
additional demand (which is far from saturation) and renewal demand.

Considering the effects of the completion of the internal markel
at the Italian level a clear benefit will arise from the increase in

competition.

However, one important element to consider is the ability of

Italian firms to survive international competition. In fact, the
telecommunication industry can be considered a ‘“strategic sector"

because of the generation of external economies mainly via spillover
effects of R-D activities.

As we have already seen, some Italian firms are already competing
successfully in some segment of the industry (for example, Telettra in
transmission equipment); other +irms, on the contrary, have had a
very low exposure to international competition because of the
protection they received. However, it is difficult to draw conclusions
on this point because of the fast evolution in the oligopolistic

configuration of the industry at the world level.
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Note

(1} - Data in Table 4 are relative to purchases by SIP which is the
largest buyer. The remaining part of demand is covered by ASST
(150 bn lire in 1984) and by Italcable.

(2) - Krugman (19864).



- 265 -
4.57

Tab. 1 - Man. of telecomm. equipment, electrical and electronis equipment
(Nace 344.2) - Size distribution: plants and firms

1971 1981

Employees Plants Employees Plants

N. % N. % N. % N. %
1-95 254 .6 99 37.2 477 .5 202  36.5
6-9 238 b 32 12 489 .B 68 12.3
10-19 606 1.5 43 16.2 1188 2.0 88 15.9
20-49 1162 2.8 36 13.5 2156 3.7 70 2.7
50-99 1336 3.3 18 6.8 2957 5.1 41 7.4
100-199 2546 6.2 i7 6.4 44650 B.0O 33 6.0
200-499 1874 4.6 ) 2.3 8503 14.6 28 5.1
S00-999 4013 9.8 S 1.9 S340 ?.2 2 1.6
more than 1000 28692 70.4 10 3.8 325330 55.8 14 2.5
TOTAL 40721 266 58290 553
M= 153.1 M=105.4

1971

Employees Firms Employees Firms

N. % N. % N. % N. %
1 -5 221 5 B4 3B.5 400 .7 172 43.4
& -9 201 4 2 2.4 383 iy S4 13.6
10-19 527 1.2 37 17.0 830 1.5 61 15.4
20-49 236 2.1 30 13.8 1347 2.4 43 10.9
50-99 1152 2.6 15 6.9 1621 2.8 23 5.8
100-199 2188 4.9 15 6.9 3031 5.3 21 5.3
200-499 359 .8 1 .b 4642 B.2 14 3.5
500-999 2583 5.7 4 i.8 784 1.4 1 .2
more than 1000 36727 B1.8 5 2.3 43750 77.0 7 1.8
TOTAL 44894 218 56788 396
M = 205.9 M=143.4
M = average plant size

Source : ISTAT, Census
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Tab. 2 - Bhares of switching technologies (1 January 1985)

Technology Italy France United West tUsa
Kingdom Germany

Electromechanical 96 63 79 97 38
Semi-electronic 1 15 20 2 S0
Electronic (digital) 3 22 1 1 12
Total 100 100 100 100 100

Source : Italtel

Tab. 3 - Man. of telecomm. equipment, electrical and

electronic equipment - 1981
International comparison of firm size distribution

Employees
more
20-99 100-499 than 500 Total M
% % % number

Italy 5.3 13.8 B80.9 59035 493.9
West Germany 4.6 10.6 84.8 358398 613.7
France 12.4 15.3 72.3 105239 257.9
United Kingdom 6.4 21.3 2.2 228820 370.3
Denmark 13.6 33.2 ©93.2 12289 204.8

Firms
Italy S7.4 34.4 8.2 122
West Germany 60.3 28.9 10.8 S84
France 73.3 19.9 6.9 408
United Kingdom S0.8 34.5 14.7 618
Denmark 61.7 28.3 10.0 60

Note: M = average firm size
Source : Eurostat
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Tab. 4 - Public switches: shares of the market generated
by EIP’s purchases

1976 1984
(bn.lira) % (bn.lira) %
ITALTEL 1T 179.4 95.0 609.2 50.3
TELETTRA IT 3 .1 32.1 2.6
GTE D 30.5 9.4 83.0 12.6
FACE F 59.6 7.0 171.3 14.2
FATME S 60.5 18.5 246.3 20.3
TOTAL 326.0 0.4 1211.9 83.1
Others 34.6 R.6 246.9 16.9
TOTAL 360.9 10G.0 1458.8 100.0

Source : SIP
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Tab. 5 - European market in public switches.
Market shares - 1987

Country Siemens Ericsson Alcatel Plessey Italtel ATT/
NV and GEC Philips
Austria 26.3 - 26.3 - -- -
Belgium 20,0 - 80.0 - - -
Danemark 3B8.9 50.0 11.1 - - -
EIRE - 20.0 50.0 - - -
Finland 27.8 27.8 - - - -
France - - 85.2 - - -
Greece 40,7 - - - - 1B.5
Italy 11.4 19.0 14.3 - 55.2 -
Netherlands - 19.4 13.9 - - 66.6
Nor-way - 42.9 o97.1 - - -
Fortugal 50.0 - 90.0 - - -
Spain - 29.6 70.4 - - -
Sweden - 88.5 - - - -
Switzerland 33.3 33.3 33.3 - -= -
United Kingdom - 16.2 - 8.4 - -
West Germany Fa.1 - 24.8 - - -
Europe 20.0 15.0 35.0 10.0 7.0 3.0

Source : our elaboration from Zanetti (19B7)
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Tab. 6 - Distribution of Italian market for
Transmission Equipment (excluding
mobile radio) - 19B4

%
Telettrs 34
Italtel 24
GTE 15
Marconi 8
Face 2-3
Fatme 3-4
SIAE 2
Selenia less than 2
Fhilips 3-4

Source : Estimates by Telettra

Tab. 7 - Distribution of the market generated by SIF
purchases of transmission equipment - 1984

%
Telettra 35
Italtel 33
Marconi 17
GTE i1
Fatme 2
Selenia 2

Source : estimates by Telettra
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Tab. B -~ Distribution of italian market for
terminal equipment - 1985

Telephones Modems PBX
Sales
(bn. lira) 170 S4 380
Market shares
(%)
Italtel 40 Are 31.2 Italtel 3z2.2
Face 20 Motorola 20.6 Safnat 13.0
Fatme 10 Italtel 18.8 Fatme 11.8
Others 30 I1BM 2.4 Telettra T2
Philips 6.5 Dlivetti 6.8
Others 13.5 GTE S.1
Face 3.9
Others 20.0
Source : Zanetti (1987)
Tab. 9 - Foreign trade and production (bn lira)
1980 1981 1982 1983 1984 1985
Production 1577 2041 2593 3094 3733 -
Import 214 231 294 3480 464 544
Export 317 366 561 o776 628 756
Trade Balance 103 135 267 228 164 211

Source : Campo dall’Orto-Mariotti (19B6)
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Tab. 10 - Italian foreign trade in TLC narrowly defined
(SITC 764B) and broadly defined (SITC 764)
(million %). 1985

BITC 764 SITC 7648
Import Export (X-M) Import Export (X-M
World 598 831 233 105 229 124
OECD 533 347 -186 3 34 -59
EEC 252 184 -68 41 12 -29
NON-OECD 59 484 425 11 1935 184

Source : OECD Series B

Tab. 11 - Italian export intensity and
import penetration

1980 1981 1982 1783 1984
Export
Intensity 20.1 1r.9 21.6 20.95 17.6
Import
Fenetration 14.5 12.1 12.6 12.4 13.0

Source : Elaborations from Tab. 9
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Railways equipment

1. Introduction

Until 1985, approximately 4/5 of the demand facing the firms
operating in this sector was due to Ferrovie dello Stato (F.5., the
government owned railway company).

If we partition the sector, on one side, in terms of the
functional and technological characteristics of the products
(mechanical and electrical) and, on the other side, in terms of type
of utilization of the product (heavy and light), we observe (Table 1)
that the largest part of the market is covered by the heavy segment.
The demand for this product is almost entirely due to F.S.

This characteristic has strongly shaped Italian industry. No firm
in this 1industry was born or has developed independently from the
demand of F.S5. Various elements characterize this dependence from F.S.

First, F.S.’s purchasing decisions are linked to the financing
laws approved by the Farliament. This has created uncertainties
surrounding both the timing and dimension of demand. Rs a conseqguence,
the i1ndustry has suffered periods of excess capacity (on average in
the last few years utilization has been around 70% of total capacity).

Second, firms had F.5. as their main point of reference for the
development of industrial products. Moreover, F.S. had, especially in
the past, an active role in project formulation and development of
products with the consequence of not stimulating autonomous innovative

ability in the firms.
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A final element is the high protection guaranteed by public
procurement. To each tender only those firms recognized as official
suppliers of F.S5. are admitted . This guarantees a protection from new
entries in the industry. Moreover, this is reinforced by the existence
of historical shares on the basis of which the purchasing orders are

partitioned.

2. Fragmentation and international competitiveness

This situation has favoured the shaping of an industry
characterized by a high degree of fragmentation and a law ability of
competition on internatlonai markets.

In relation to fragmentation, Table i shows the size
distribution. In 1981 the representative plant had 633.2 employees;
and the representetive +irm had 715.0. Between 1971 and 1981 there has
been a strong increase in dimension: representative plant size
increased by TB.B% and representative firm size increased by 5i¥%.
Similar indications arise when we consider average size of the largest
plants (firms) employing 30% of employees.

Notwithstanding this increase in dimension, 1n 1981 Italian
industry was still more fragmented than the one in the other major
countries in the EEC. Infact, Table Z shows that in 1981 the average
dimension of firms with more than 20 employees was smaller than 1n

France, in West Germany and in the United Kingdom.
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The public sector is strongly involved in this sector alsc on the
supply side. Two state holding groups operate in this sector: EFIM and
IRI. The former is mainly involved in products characterized by
mechanical technology, the latter in products of electrical
technology, diesel engines and steel products.

To understand the role played by the firms belonging to public
groups, it is useful to analyze the distribution of employment among
the firms 1n the various segment of the industry characterized by the
different technological feature of the product.

Table 3 shows the employment distribution among groups supplying
products characterized by the mechanical technology. The EFIM group
has the largest share of blue collars 1in this segment (26.2%) and it
is followed by the private group FIREMA (21.1%). The only presence of
foreign capital is represented by Brown Boweri with 1.3% of total blue
collars.

In the electric-traction segment the largest share is held by IRI
{43.7% of total blue collars), followed by Brown Boweri with 19.2%
(Table 4).

Finelly, in the segment characterized by fixed electrical
installations, the highest concentration of blue collars is in the IRI
group (35.9%), followed by foreign groups like BErown Boweri and
Ericsson (11.3% and 11.8% respectively) (Table 3).

The last three tables show a strong presence of the public sector
on the sgpply side.

The degree of concentration is lower than 1n other countries.
Only one segment of the industry shows a four—-firm concentration ratio
compar able to the one prevailing 1n other countries (about éox>:

products based on electrical-traction technology. Other segments have
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lower degrees of concentration: both  production of electrical fixed
installations and production of mechanical-traction products show a
four—-firm concentration ratioc at about 70%. In France, for example,
the least concentrated segment shows a four—-firm concentration ratio
of about BS%.

The exposure to international markets of Italian firms 1s very
low: in 1982 the ratio of exports on sales was 5.1% (Table &6).

The low competitiveness of Italian firms on international markets
15 presented i1n Table T: 1Italy has the lowest share in the exports of
the largest producing countries (3.3% in the period 1973-77 and 4.4%
in the period 1979-83). Moreover a low export market share 35 also
characteristic of most of the products in this sector (Table 8).

The results of a research cited in Mercurio (1983), analyzing the
differences in the determinants of good performance on the domestic
and on the international market, show that the differences are linked
to the divergent characteristics of a closed and protected market
relatively to an open market. These divergences characterize the
reailway equipment sector in all industrialized countries with an
autonomous domestic industry. Moreover, in ltaly, differently from the
other countries, the special kind of relationship existing between the
demand and the supply side of the market have reduced the firms’
ability to compete on international markets. For example, as already
mentioned, autonomous i1nnovative ability has never been stimulated by
F.5.. An indirect indication of the protection of the domestic market
is presented in Table &. In fact, from the inability, on average, of

Italian firms to compete at an international level, one should expect
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a strong penetration of imports on the domestic market. However, this
is not the case: in 1982 imports were only 2.8% of domestic
disappearance.

Moreover, foreign production is represented with a significative
market share only by Brown Boveri in the traction segments of the
industry (Tables 3 and 4). In the electrical fixed installations

segment of the industry, there is a strong presence of foreign

production.

3. Final comments

The synthetic discussion of the industry presented in the
previous sections has underlied the  fragmentation and low
international competitiveness of the Italian industry.

The completion of the internal market can have positive effects
because of the enlargement of the market actually facing the firm and
the consequent better exploitation of economies of scale.

However, since the increase in competition will also have the
effect of marginalize the inefficient producers, one should also ask
whether Italian firms will be able to survive foreign competition. We
have already noted that the exposure to foreign competition has been
on average very low.

However-, the indication at the firm level are less pessimistic.
An e:ample is given by Breda whose share of exports on sales has been
around 25 in the last few years. Moreover, an analysis of the
strategies of the leaders in the two segments of this industry (i.e.
Breda and Ansaldo), shows that they are oriented towards international

competition (Mercurio (1987)).
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Even if these elements don’t provide a clearcut answer to the
original question, 1t 15 possible to say that a progressive
liberalization of European markets will reduce the degree of
fragmentation of the Italian industry and offer Italian firms the

opportunity of a better exploitation of scale economies.
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Tab. 1 - Fercentage distribution of the market according
to its segments :

Heavy Light
Traction Traction Total
Mechanical 61 3 64
Electrical 29 7 36
- Traction 19 2 21
- Fixed installation 10 S 15
Total Q0 10 100

Source : Mercurio (1987}
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Tab. 2 - Manufacture of railway equipment (NACE 3&62)
Size distributions : plants and firms
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6 -9
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200-499
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more than 1000
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M=144.7
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Tab. 3 - Manufacture of railway equipment (NACE 362)
International comparison of firm size distribution: 1981

Distribution of Employment by Firm Size

20-9¢ 100-499 more than S00 T0T7 M
% % % N.
Italy 4.9 25.7 69.4 15906 3I53.5
West Germany n.a n.a n.a 11270 450.8
France ' 6.1 27.4 66.5 16624 377.8
United Kingdom 1.7 5.0 3.2 456509 1291.%9

Distribution of Firms by Size

Italy 40,0 31.1 28.9 45
West Germany n.a n.a n.a 25
France 43.2 36.4 20.35 44
United Kingdom 47,2 33.3 19.4 36

Note: M = average for firm size
Source : EURDSTAT

Tab. 4 - Products characterized by mechanical technology
Share of total employment

Employees Blue collars
% %
EFIM 25.6 26.2
IRT 2.5 2.3
FIAT 11.1 8.1
F IREMA 22.9 211
BROWN ROVERI 1.4 1.3
OTHERS 36.5 40.8

Composition of varions groups :

EFIM : Breda C.F., Imesi, Sofer, Omeca, Ferrosud, Dfficine Reggiane

IRI : lsotta Fraschim

FIAT : Fi1at Ferroviaria Savigliano

FIREMA : Officine Fiore, OMC, Dfficine Stanga, DOfficine Cittadella,
Officine Casaralta

BROWN ROVERI : Tecnomasio Italiano Brown Boveri

Source : Mercurio (1987}
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Tab. § - Products characterized by electrical technology
(tractian). Share of total employment

Employees Blue collars
% %
IRI S7.0 43.7
BRDWN EBOVERI 11.0 1.2
FIREMA 19.3 15.6
FIAT-FARIZZI 7.B 8.3
DTHERS 4.9 13.2

Composition of varions groups :

IRI : Ansaldo Trasporti

BROWN BOVERI : Tecnomasio Italiano EBrown BRoveri

FIREMA : Ercole Marelli Trazione, Metalmeccanica Lucana
FIAT : Elettromeccanica Parizzi

Source : Mercurio (1987)

Tab. 6 - Electrical fixed installations
Share pf total employment
Employees Blue collars

% %
IRI 40,6 35.9
BROWN BOVERI 12.3 11.3
ERICSSON B.7 11.8
ITT 8.0 2.3
CIR 3.4 4.5
WEST INGHOUSE 15.9 10.2
OTHERS 11.1 17.0

Composition ot varions groups :

IRI : Ansaldo Trasporti

BROWN BOVERI : Tecnomasio Italiano Brown Boveri, S.A.E.
ERICSSON-SETEMER : Fatme, Scarpini, Sielte

ITT : Siette, Farisini

CIR : Sasib

WESTINGHDUSE : Wabco Westinghouse Segnali

Source : Mercurio (1987)
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Tabh. 7 - Exposure to international competition

Export Import

intensity penetration

1981 8.0 4,1
1982 5.1 2.B

Source : our elaboration on data from ISTAT

Tab. B - Share in the export of the 9 largest
producing countries

average average

1973-77 1979-83
Italy 3.5 4.4
France 24.9 19.8
West Germany 16.4 18.3
United Kingdom 4.3 10.1
usA 24.0 14.7
Canada 5.0 10.1
Japan 21.9 22.6
TOTAL 100 100

Source ¢ ONU cited in Mercurio (1987)
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Tab. 9 - Export smarket share of the principal European exporting countries
{average for years 1975-81)

Electrical Parts of Other  Passengers Freight Workshop Signal
locosotive locosotive locomotives railway- car  car and  instal-

cars railway lations
equipaent
Bermany 18.5 .7 40.9 17.4 30.0 1.4 28.7
France 2.7 17.4 7.0 0.6 45.3 3.1 15.9
Switzerland  27.0 6.4 2.6 0.1 4.4 18.7 8.3
Austria - 2.8 -- 0.1 0.9 38.7 5.2
Total 83.2 64,3 50.5 18.2 80.6 1.9 98.1
Italy 1.0 3.4 2.2 1.5 1.4 9.3 1.4
Others 15.8 32.4 0.3 80.3 18.0 18.8 40.5

Source: OCDE, cited in Mercurio (1985)
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The aim of the work reported here is to assess the likely
economic effects of reducing barriers to trade within the
European Community in a range of industries in which there may
be significant economies of scale. The projections are based
on a formal partial equilibrium model of international trade in
imperfectly competitive markets. A model of this nature may
capture two effects of completing the internal EC market:
increased exploitation of economies of scale, and the potential
effects of market liberalisation on competition.

The next section presents a simple example of a model of
international trade under imperfect competition, in an attempt
to give a reasonably simple account of the essential nature of
the more complex model used to produce the projections in this
report. A full description of the actual model used (which is
a development of the model described in Venables and smith
(1986)) is provided in a technical appendix.

Section 2 then describes the data to which the model is
applied; and section 3 the "calibration" of the model to the
data.

In section 4 the results of one policy experiment are
described: a reduction in intra-EC trade barriers equivalent to
a reduction in the cost of intra-EC trade of 2.5%. The effects
on trade, output, production costs and economic welfare are
determined. Section 5 considers the sensitivity of the results
to changing our assumptions about firms' behaviour.

Section 6 describes the results of a more dramatic change
in the intra-EC market structure, where in addition to the
reduction in trade barriers, it is assumed that firms are no
longer able to charge different prices in different national
markets within the EC. This shift to an "integrated"” market
produces substantially larger economic effects than the earlier
policy experiment.

1o....Modelling. trade under. imperfect. competition

The full model on which this exercise was based is set out
in the technical appendix. It may, however, be helpful to see
some of the essential economic features of that model displayed
in a simpler example. Accordingly, as an introduction to the
modelling exercise, in this section we present an artificially
simple example of trade under imperfect competition. We also
discuss some further aspects of the modelling of imperfect
competition.

Suppose that there are two countries with identical
demands for a particular homogeneous good. Let the demand y in
either country be given by the following function of the
consumer price p (in $)

y = 10000p~2
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which implies that the elasticity of demand is 2. The inverse
demand function is

p = 100y-1/2
Let the cost of producing quantity x of the good be
C = 7Tx + 111

which implies that the average cost is a decreasing
function of output, so there are economies 0of scale. Suppose
that a firm receives the consumer price pj in respect of sales
in respect of sales in its home market, but receives pr(i-t)
from a unit sold in its foreign market, where the fraction t
represents the cost of selling across the border. Then the
profits of a firm which sells x; at home and x; abroad will be

n = p1%X1 + pa(l-t)xy - 7(xX1+xp) - 111

If the firm chooses x; and xp in the belief that the sales
to both markets of all other firms are fixed, then
differentiation of its profit function gives rise to two
equations describing its optimal sales decisions in the
respective markets

7
7

pi(1l-81/2)
(1-t)pa(1l-82/2)

where the left hand side of each equation is the marginal
revenue in the respective market, the right hand side is
marginal cost, and sj is the firm's share of the respective
market. Note how marginal revenue depends both on the
elasticity of demand and on the market share.

If t=0.2 and there are two firms in each country, then the
outcome of profit maximising behaviour by the four firms will
be a price of $9 in both countries, production of 5000/81 units
of output by each firm, of which 8/9 is sold in its home market
and 1/9 exported. Each firms then has 4/9 of its home market
and 1/18 of its export market. It is easily checked that the
firms' profit-maximising equations are satisfied and that
supply equals demand in both markets at this price. It is also
the case that firms' profits are virtually zero, so this is a
long-run equilibrium.

If now t were reduced to zero, it is easily checked that
if the four firms remain in existence, the price charged will
fall to $8, and production of each firm will rise to 5000/64,
of which half is sold in each market (so firms' shares of their
home market falls from 4/9 to 1/4 and of their export markets
rises from 1/18 to 1/4). There is a gain of consumer surplus
of almost $139 in each of the two countries as a result of the
price reduction, and each of the four firms suffers losses of
almost $33; so in aggregate the reduction in trade costs brings
about a rise in welfare. The price reduction is very much
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greater than the reduction in trade costs because the main
effect of the change is that increased competition from imports
considerably reduces the market power that firms have in their
home markets and drives down prices.

The fact that firms are making losses implies that they
will wish to exit from the industry. It is easily checked that
if one firms exits (and since there are now no trade costs, the
nationality of the exiting firm is irrelevant) then the
remaining three firms increase their output to approximately
5000/53, enjoy lower costs, and make positive profits of just
over $21 each. The price to consumers is higher at $8.40 than
with four firms, and the consumer surplus gain is therefore
lowered to a little over $79, and the aggregate welfare gain at
approximately $222 in total exceeds the welfare gain of $146 in
the previous case.

This example, simple though it is, illustrates some of the
main features of the empirical model which follows. However,
there is more involved in what we do below than a
straightforward generalisation of the above example to
encompass six countries, larger numbers of firms, and real
world data.

The principal feature of the model we have used which is
not illustrated in the above example is product
differentiation: consumers having preferences between different
varieties of the same product. This introduces two features
into the model (both of which are discussed further in section
3 below): firms have to choose the number of varieties to
produce; and their ability to set prices for individual
varieties means that their marginal revenue now depends not
just on market share and on the elasticity of demand for the
product as a whole (as in the above example), but also on the
elasticity of demand for the individual variety.

Casual empiricism suggests that product differentiation is
an important feature of the markets for many manufactured
products, and (as is explained in section 3 below) the data we
use in our meodelling give strong support to this view. The
introduction of product differentiation thus enriches as well
as complicates the model.

There are two further distinctions which play a role in
the paper but are not explicitly illustrated in the example
above.

The first is the distinction between "Cournot" and
"Bertrand" competition. 1In the example we assumed that each
firms supposed that other firms' sales were given when it
decided how much to sell; and this is the Cournot hypothesis.
An alternative, the Bertrand hypothesis, would be to assume
that firms set their prices on the assumption that other firms
prices are given. It is not very illuminating to look at the
Bertrand hypothesis in the above example because, in the
absence of product differentiation, Bertrand pricing
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degenerates to pricing at marginal cost. However, in models
with product differentiation, Bertrand behaviour is compatible
with imperfect competition, though it still leads to
substantially more competitive pricing than does Cournot
behaviour. We suggest below that the Cournot hypothesis may be
the more attractive in the weight that it places on market
shares as a determinant of firms' behaviour.

The second distinction plays a more crucial role in our
results. In the example above, the removal of trade barriers
had a very dramatic effect on the competitive structure of the
model. We shifted from an equilibrium in which each market was
dominated by two domestic firms with a small fringe of
importers to an equilibrium in which all four firms (or after
exit, all three firms) had equal market shares. Effectively
the two markets, which previously were segmented, now behave as
if they were a single jnkegrated market. 1In the presence of
product differentiation, removal of trade costs might not be
sufficient to produce this outcome (consumers might, for
example, have genuine preferences for home-produced varieties
which give firms larger shares of home markets than of foreign
markets). Further, without product differentiation, it is not
possible to make the market integrated other than by setting
trade costs to zero. In the model with product
differentiation, however, it is possible without setting trade
costs to zero to consider the effect of imposing on firms the
requirement that they do not price discriminate between markets
and charge the same factory-gate price to all consumers (though
consumers in foreign markets still have to pay the trade cost
on top of the uniform factory-gate price). This sort of policy
has the same sort of strongly pro-competitive effect, even with
positive trade costs, as did the removal of all trade costs in
the example above, and for essentially the same reason: once
firms look on the market as being a single integrated market,
the market power that was conferred on them by asymmetrically
large home market shares is diminished. The single most
striking result that we describe below is that a policy which
succeeded in making firms act on an EC-wide integrated market
basis is likely to have much larger welfare effects than a
policy which simply reduces border barriers.

Rt Model. coverage . .and. data.sources

The model treats the world market for a product as being
divided into six "countries": France, the Federal Republic of
Germany, Italy, the UK, the rest of the EC, and the rest of the
world. The model has been applied to the following selection
of three digit NACE industries:

242 cement, lime and plaster

257 pharmaceutical products

260 artificial and synthetic fibres

322 machine tools

330 office machinery

342 electric motors, generators, transformers,
346 electrical household appliances
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351 motor vehicles and engines
438 carpets, carpeting, oilcloth, linoleunm,
451 footwear

These sectors were chosen as a relatively heterogeneous
group of industries, for all of which some estimates of
economies of scale are available, and some of which might be
relatively strongly affected by the completion of the European
market, e.g. because of the role of public procurement or
technical standards.

Data on bilateral international trade flows between these
"ecountries” in each of the ten sectors listed above was
obtained from the Eurostat NACE-CLIO trade tables for 1982.
Domestic production statistics for the EC countries were
obtained from the Eurostat Annual Industrial Survey.
Unfortunately, production data for the rest of the EC seem
guite unreliable and for the rest of the world are unavailable.
For each industry, therefore, values were chosen for production
in these "countries" that gave them approximately the same
ratio of production to total exports (for the rest of the EC)
or to exports to the EC (for the rest of the world) as the
average for the four individually identified EC countries.
These numbers were required to complete the model; and the fact
that they were estimated in a fairly arbitrary way means that
great caution should be exercised in interpreting results
relating to the rest of the EC or the rest of the world.

(Data for exports by the rest of the world to the EC were
not available in the NACE-CLIO export tables and values were
derived from the import tables, adjustments being made for
observed systematic discrepancies between export and import
data.)

Even though the trade data are classified by nace-~clio,
and even after the above adjustments, there remained evident
problems in reconciling the trade and production data,
presumably largely arising from the fact that the trade data
refer to commodities classified to the relevant nace-clio
groups while the production data refer to firms (though the
treatment of re-exports is another potential source of
discrepancies). Apparent domestic consumption of domestically
produced goods was calculated by subtracting the value of
exports from the value of production, but in three cases
(office equipment (330) in the UK, and carpets (438) and
footwear (451) in Italy) this gave a negative number. An
arbitrary adjustment was made to the domestic production figure
to bring domestic consumption into approximately the same
relation to trade flows as for the other countries.

The first table in each section of Table 1 gives the six-
by~-six matrix of trade and consumption flows derived for each
of the ten industries from the 1982 data. Each row of the
matrix refers to the production of a country; and each column
to the consumption of a country.
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The model requires an estimate of the number of firms in
each sector in each country. The Eurostat Structure. and
Activity . of Production data on the size distribution of firms
was used to calculate a Herfindahl index of concentration on
the basis of which may be calculated the number of
"representative” firms in each country. This is the number of
equal-sized firms which would give rise to the same effective
degree of market concentration as the observed distribution of
unequal-sized firms. These numbers are reported for each
industry in Table 1. Again, numbers for the rest of the EC and
the rest of the world have had to be assumed, to make firm size
equal to the average in the four individual EC countries.

It is evident that many ¢of the ten nace-clio classes are
too aggregated to be sensibly regarded as covering a single
industry and in most cases we have modelled the industry as
being divided into a number of equal-sized subindustries. For
example, in electrical household appliances there are assumed
to be five subindustries. Effectively this amounts to
describing each subindustry by a commodity flow matrix and a
set of firm numbers that are one fifth of the numbers reported
in Table 1.

The model requires information on economies of scale, and
we have used the information provided by Pratten (1987),
summarising much of that information into two numbers for each
industry: the effect on average cost of changing the output of
each of the individual product varieties of a firm of minimum
efficient scale while keeping the number of varieties constant;
and the effect on average cost of changing the number of
product varieties, keeping output per variety constant. The
minimum efficient scale is taken to be the size of the average
"representative" firm in the EC; and where Pratten provides
independent information on this, it seems to suggest that this
is not an unreasonable assumption. There is an additional
aspect of scale economies to consider: the form of the cost
function. The simplest form of cost function giving rise to
economies of scale is the "linear" function in which there are
fixed costs and constant marginal cost. However, in many
industries it seems possible that economies of scale would take
a form in which marginal cost as well as average cost falls
with output, and the simplest form of function with this
property is the "loglinear" function, which is a linear
function of the logarithms of the variables. In our model we
have used a cost function which is a weighted average of these
two forms and the weights (based partly on Pratten's
information, and partly on casual empiricism) are reported
together with the other two scale economy numbers in Table 1.

Finally, we regquire an estimate of the elasticity of
demand for the product of each industry. Here our sources are
Piggott and Whalley (1985), Deaton (1975), Houthakker (1965)
and Houthakker and Taylor (1970), and the numbers we use are
reported in Table 1.
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1982 was chosen as the base year for the projections
because of the fact that industrial survey data for later years
is incomplete. Even though from a macroeconomic viewpoint,
1982 was an atypical year for the European economy, we do not
think that this fact will have any significant impact on the
general nature of the results we obtain.

BoGalibration

The process of model "calibration” consists of finding a
set of numerical parameters for the model which are consistent
with the information presented in the previous section.

The first requirement is that firms' output decisions
satisfy the condition that marginal revenue in each of the six
markets equal the marginal cost of producing the good. The
simplified model of section 1 shows how marginal revenue
depends on market share and on the elasticity of demand for the
product. The pattern of production and trade reported in Table
1 cannot, however, be described by such a simple model, for it
would seem that firms are not exploiting their scale economies
to the extent that they should. The model used (and described
in more detail in the technical appendix) introduces an element
not present in the model of section 1: consumers are supposed
to distinguish between the different varieties of the same
product. Now firms choose their sales levels taking account not
only of the effect of their decision on total supply of the
product and therefore on the price level of the product in
general, but also of the effect that a change in sales has on
the price that the firm can charge for its own specific variety
of the product. Thus for each industry we calculate an
elasti