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Van Hess's comments on the need for an organization to have a certain critical size
in order to exploit a major process innovation such as microprocessors in manufacturing are
very significant. Combined with Utterback's later comments on the dynamic effects of
such innovations, the rapid change in relationships within the organization, it suggests
that such innovations are best exploited by medium-sized organizations where there is
still flexibility in managerial functions, good communication between different areas,
and close identification with overall company goals.

Since a process innovation in one industral sector is often a product innovation to
another sector (e.g., a machine tool supplier to the automobile industry) there is an
implication that the optimal structure of industry for an innovative economy will be a
mixture of small, inventive product-oriented firms; closely knit medium-sized firms
with sufficient competent well-trained managers; and large capital-intensive firms with
effective cost control and management systems. The crucial problem seems to be: What
happens to the large firms as they become dinosaurs? Utterback mentioned that too
close a contact between them and the rapidly growing medium-sized firm is fatal for
the successful development of the medium-sized firm, so mergers are not advisable. On
the other hand, their accumulation of commitments to large-size old technology means
that breaking them up into smaller "dynamic" units is not likely to be generally feasible,
although it is interesting in this context to note counter-examples of the General Electric
Company in the UK. This group, built up over the years by takeover battles and amal
gamations under the aggressive leadership of Arnold Weinstock, and still of modest size
in the world league of such companies, is now reported (Smaller is Beautiful for Britain's
Giant GEC) to be seeking legislation enabling it to disband itself, turning the operating
divisions into legally independent companies.

However the dynamics of innovation are handled, their inevitable consequences
tend to be left as extremely difficult social problems in the hands of goverments who
have then to choose between preserving the old, but stifling or distorting the dynamics
of innovation, and promoting innovation, but having to confront local unemployment or
social hardship. In the United Kingdom, for example, the innovative and fast-growing
electronics firms are clustered in the southeast, in such "silicon valley" regions as the town
of Worthing, while the traditional industries now in decline, such as textiles, shipbuilding,
and steel, are concentrated in the north and west.

It is apparent that the scale implications of Utterback's model of the innovative
process over the life cycle of a product is a topic warranting a significant research effort.
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Part 4

SCALE AND NATIONAL INDUSTRY POLICIES





CHAPTER 16 INDUSTRY SCALE, FREE TRADE, AND PROTECTION

M.F. Cantley and l.A. Buzacatt
International Institute far Applied Systems Analysis,
Laxenburg, Austria

16.1 INTRODUCTION

A strong commitment to free trade has been the hallmark of "liberalism" for well over a
century, as passionately expressed by The Economist in 1843 (quoted by Calleo and
Rowland 1973):

Free trade is itself a good, like virtue, holiness and righteousness, to be loved, ad
mired, honored and steadfastly adopted, for its own sake, though all the rest of the
world should love restrictions and prohibitions, which are of themselves evils, like
vice and crime, to be hated and abhorred under all circumstances and at all times.

This philosophy has been reiterated in the Treaty of Rome which founded the European
Economic Community, and in the founding articles of the General Agreement on Tariffs
and Trade (GATT), the International Monetary Fund (IMF) and the Organization for
Economic Co-operation and Development (OECD).

However, the subject of scale provides a direct route to the perception of some gla
ring deficiencies in the conventional wisdom of liberal market economics on the subject
of international trade theory. In this chapter we present briefly as our starting point the
theory of "comparative advantage," as enunciated by Ricardo in the early nineteenth cen
tury. The ideological convenience of this argument to Britain in the nineteenth century
and to other industrially powerful nations in more recent years may have helped to mask
its technical deficiencies; but the interaction of scale effects with unconstrained trade
leads to situations that call for fresh considerations of policy and basic assumptions, at
both national and regional levels.

16.2 THE THEORY OF COMPARATIVE ADVANTAGE AND ITS ASSUMPTIONS

Ricardo pointed out that trade between countries was always beneficial, even where one
country was superior in all production sectors to the other, because of inevitable diffe
rences within each country in the relative efficiencies of producing different goods. Sup-
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pose, for example, that country A can produce 10 cars or 20 tons of potatoes per man
year, and country B can produce only 8 cars or 12 tons. In country A, a car trades for 2
tons of potatoes, and in country B it can be had for one-and-a-half tons: country B's car
industry will certainly make sales in country A, if allowed. Conversely, a ton of potatoes
costs two-thirds of a car in country B, but only half a car in country A: country A can ex
port its potatoes to country B. It is the traditional definition of a bargain: an agreement
from which both sides gain. Country A specializes in potatoes, country B in cars, a global
welfare is maximized.

An assumption usually left implicit in economists' presentations of the case for
comparative advantage is that the world is peaceful, trusting, and unchanging. Thus in our
simple example, country B can eat their seed potatoes and concentrate on cars, trusting
that the need of country A for cars will be as steady and continuing as B's need for pota
toes.

Meanwhile country A, specialiZing in potatoes, can abandon their engineering skills,
unworried by the prospect that their recovery of these skills might be problematical if
future changes in demand or technology ever made such skills desirable again.

16.3 DEFICIENCIES IN THE THEORY OF COMPARATIVE ADVANTAGE

Of the many deficiencies in this simple theory, two are particularly relevant in the current
context: first, the linear assumption of constant returns to scale; second, the assumptions
of a static (or pseudostatic) world in which the dynamics of changes in markets and tech
nology and of the accumulation of experience are ignored.

16.3.1 The Assumption of Constant Returns to Scale

Consider first the implications and validity of the assumption of constant returns to scale.
In practice, there are diminishing returns to scale in agriculture (i.e., as total output ex
pands, marginal land is brought into production, and expanSion by increases of labor and
fertilizer inputs is similarly limited). In industry, there are increasing returns to scale over
a wide range. Thus, far from the general international equalization of wages, interest ra
tes, and living standards to which the standard theorems of trade theory lead, considera
tion of scale effects suggests that as trade increases so does the asymmetry between the
economic strengths of the trading partners, with the balance of advantage lying with the
industrialized countries; this model seems to fit better the empirical data of the last two
centuries.

CalleD and Rowland (1973) have given an excellent history of the evolution of free
trade ideology on both sides of the Atlantic, and as they point out:

Ricardo's ideas had a rather special application to Britain's politics in the early and
middle nineteenth century. The British had gained a formidable lead over other na
tions in industry and commerce; British manufacturers were more than capable of
competing favorably in any open market. British industrialists naturally hoped to
extend and consolidate their position as "the workshop of the world."
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Internally, the rapid and forced transformation of British agriculture caused so
cial distress, and criticism by humanist conservatives. Coleridge, Disraeli, and others
attacked the disruption of rural society for the sake of cheap food and low industrial
wages; but they lost the argument. Externally, the pragmatic Americans remained pro
tected not only by geography and high tariffs, but by an unregenerate nationalist mercan
tilism. The American economist Henry Carey denounced free trade as Britain's policy to
perpetuate her supremacy and reduce all agricultural states to permanent tributaries.
Gradually, the European states returned to mercantilism, emboldened by the works of
the Swabian-American Friedrich List. List argued that while free trade was the natural
view of a powerful developed nation, for a nation seeking to develop its industries, it was
a short-sighted policy which sacrificed long-range national interests and productive po
wer. He emphasized productive power rather than increased consumption because such
power is "infinitely more important than wealth itself."

This history remains of central relevance to the continuing debate over liberalism
and protectionism of various forms. For the debate is not only about the mathematical
models of theoretical economics, but also about the nature of the international trading
environment, the desirable scale and form of free trade groups, and the validity of as
sumptions abou t production capability.

On the nature of the international environment, Keynes, writing in 1933, was clear
on the need to revise his strategic fundamentals:

The policy of an increased national self-sufficiency is to be considered, not as an
ideal in itself, but as directed to the creation of an environment in which other
ideals can be safely and conveniently pursued.... we have until recently conceived
it a moral duty to ruin the tillers of the soil and to destroy the age-long human tra
ditions attendant on husbandry, if we could get a loaf of bread thereby a tenth of a
penny cheaper.

Echoes of Disraeli!

The classical international free trade model ignores the possibility of any disturban
ces to production, transportation, and trade. That is, as List pointed out, it assumes in
ternational and domestic peace as a given condition of its analysis. In the real world, na
tional security obviously could not be taken for granted. List argued that, for reasons of
security, states should not be overly dependent on other states, and should therefore
strive for a balanced and relatively self-sufficient economy. Domestically, List also saw
economic activity as a great "collaboration" of labor within a smoothly functioning so
cial system. Essential to this collaboration was the existence of a peaceful, protected
community, which contained not only the necessary skills, but also the capacity to put
them to work.

Notwithstanding the circumstances of his time, List foresaw a stage in European
development when free trade would become beneficial; but according to Calleo, List's
view was that "a plural system can remain open only insofar as it does not unduly threa
ten the cohesion and self-determination of the national units."

To operational researchers, the liberal economist's model is familiar in the guise
of the prisoners' dilemma, translated into the terms of Table 16.1. On this model, GATT
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negotiations, Common Markets, and similar activities represent an attempt to build the
trust and cooperation to bring all parties into the top left-hand comer, and prevent defec
tions into the adjacent boxes. Each partner is tempted to defect from the agreement, but
is inhibited by the general fear of the bottom right. It is a crude, simple model, whose
validity depends on assumptions increasingly questionable; in particular it ignores the dy
namic aspects of scale economies in the growth of industrial capability at all stages, and
at all levels from individual products to general social infrastructure.

TABLE 16.1 "Prisoners' dilemma" model of international trade protection/liberalization issue.

Country A

Country B Liberalization

Protection

Liberalization

Satisfactory for both

Better for B,
worse for A

Protection

Better for A,
worse for B

Worst case for
both

16.3.2 The Assumption of a Static World

This leads to consideration of the second restriction of the classical theory of comparative
advantage - its neglect of dynamic effects. There are two dynamic effects of importance.
One is the potential cost reductions achieved with cumulative experience (cf. Chapter 6).
The other is the effect of continuing high annual growth in demand on the extent to
which economies of scale in plant construction costs in capital intensive industries can be
exploited (cf. Chapter 5).

If early entrants in an industry are able to exploit the learning curve phenomenon, a
natural tendency towards concentration or monopoly is the result, since the entry barrier
becomes progressively higher. This tendency is limited by natural barriers of transport
cost, and other advantages of proximity to customers, possibly supplemented by protec
tive measures ranging from low tariffs to total prohibition. But where the economies of
scale or cumulative advantage are great enough, a single global monopoly is a conceivable
outcome, e.g., in such high-technology areas as very-large-scale-integrated circuits, aero
engines, or some sophisticated sectors of pharmaceuticals. One might note in passing the
important role of patent laws in defending the acquired information likely to have re
sulted from the greatest cumulative experience.

For developing countries, even the liberal economists accept the case for some pro
tection to build up domestic industry. Moreover, few countries that have struggled to
build up a domestic manufacturing capability will tolerate its subsequent elimination by
foreign competition, even once its infancy is over. Vietorisz (1974) gives a good illustra
tion of this in his description of the Mexican electric motor industry, in a paper that also
has much to say about the inadequacies of "comparative advantage" in allowing for the
dynamic and structural aspects of industrial development:

... technology transfer ... appears as a means of perpetuating dependency. or con-
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trariwise, breaking out of it .... Something crucial is evidently left out of the com
parative advantage model - namely, the analysis of the development of the institu
tional structure supporting industrialization and technological progress, which has
a sequential character, reflected in the sequence of introduction of electric motors
of progressively larger size and progressively greater technical complexity.

Vietorisz also quotes the nineteenth century U.S. and Japanese experience; then,
returning to his theme of Third World development problems, on which he was working
for the U.N., he comments

The enormous weight of economic tradition supporting the comparative advantage
principle makes it difficult to define effective criteria .... Advice given under the
traditional point of view is likely to transfer technology in such a way as to perpe
tuate dependency rather than help break out of it. Yet the protagonists of these
views have the most impeccable academic credentials from some of the world's lea
ding institutions of higher education.

More recently, the word dependencia has come into prominence as a central theme
in the literature of Latin American economists, as they reiterate the substance of Vie to
risz's argument. The work of Chichilnisky and Cole (1979) demonstrates by formal al
gebraic models the perverse effects that can result from the dynamics of trade - perverse,
that is, with respect to the welfare gains predicted by the classical trade theory. The ef
fect of domestic income distribution, and the availability and elasticity of factors of pro
duction (skilled and unskilled labor, and capital) interact with domestic technologies and
with North-South trade (particularly if an export-led growth strategy is adopted) to crea
te a pattern in which inequality is reinforced and the absolute welfare of the poorer
groups may be reduced.

Kaldor (1978) has usefully distinguished between three types of trade:

1. Trade between manufacturing countries and primary producers
2. Trade of manufacturing countries with one another
3. Trade of primary producers with one another

In the third case, the variations of climate and topography make the concept of
specialization and comparative advantage appropriate, and trade will be beneficial. The
first case we have already discussed.

The second type of trade is the most interesting case: it has greatly increased since
World War n. Kaldor points out that this type of trade is characterized by significant im
balance in favor of countries with fast growth:

After the second World War the successful countries like Germany and Japan ac
quired a cumulative advantage through their fast growth, whereas the slow-growing
countries such as Britain (and to some extent also the Unites States of America)
faced an increasing handicap due to their slow growth. On account of the dynamic
effects of fast growth it is possible that a particular country's products become
qualitatively superior, and hence preferred to those of another country, in all
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branches of industry. It can be argued that Japan's growth (and to some extent al
so Germany's growth) in the post-World War Il period was enhanced at the ex
pense of the two trade-losing countries, the U.S. and the U.K. These latter countries
suffered from increasing import penetration in their domestic market of manufac
tures which was not offset by higher exports, which meant in effect that their na
tional output was reduced in consequence.

In capital intensive industries where there are economies of scale in plant construc
tion costs, Manne's model of optimal plant size (Manne 1961) provides quantitative justi
fication for this. He shows that the key variable is the amount of demand growth per
year. Hence low costs can be achieved in large economies with moderate growth (such as
the U.S. chemical industry) or in medium economies with high growth (such as Japan).
Medium-sized economies with low growth and small economies are inherently going to
be high-cost producers of the commodities where there are significant economies of
scale in plant investment unless they have unique advantages in terms of either availabi
lity or cost of raw materials.

16.4 POLICY IMPLICATIONS AND LEVELS

16.4.1 Implications for Industry Policy

At the level of the firm and the industry, the mounting evidence of the advantages of
cumulative experience and dominant market share is becoming more widely accepted.
For example, in the UK goverment's consultative document on Monopolies and Mergers
policy (Secretary of State for Prices and Consumer Protection 1978), one finds extensive
citation of the Boston Consulting Group's evidence on learning curves, with discussion of
its implications for policy:

... a consideration of the combined effects of learning, scale and technology, their
apparently systematic operation, their possible links with market share and their
predictable consequences for profitability via cost advantage, underlines the criti
cal roles assigned to market share and concentration in competition policy literatu
re but suggests a rather different interpretation of their significance. The Boston
Consulting Group argues that, not only does this incentive drive industries towards
concentrated structures; it has highly beneficial results. Thus, "there is an implica
tion that the consumer is best served by letting the dominant producer emerge, or
even encourage his development and the concentration of production." The diver
gence of this interpretation from the traditional economic analysis of concentration
is fundamental: according to the latter, concentration confers opportunities to
exploit consumers via higher prices; according to the experience curve approach,
concentration is the outcome of a process which confers on the leading producer a
real cost advantage and it is this real cost advantage which maintains its superior
profitability rather than exploitative behavior in the market or improper restraints
on competition. To the extent that monopoly references and investigations hinge
on the profitability of dominant suppliers, they may need to give due weight to the
latter interpretation.
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The implications for mergers are less clear. The accumulation of experience and the
achievement of cost reductions have been assumed to occur within companies. In
fact, industry concentration and gains in market share often occur through merger.
Under these circumstances, it would not be valid to assume that the greater combi
ned accumulated experience achieved through merger can be translated effectively
into lower costs.

Simliarly, considering the relationship between market growth and scale decisions,
one of the purposes of a strict competition policy in some Western countries is to ensure
that firms make investment decisions independently. The total demand growth then has
to be split among a number of competitors resulting in smaller plant sizes. Unless com
pensated by the marketing efficiencies resulting from competition or by the effects of
distribution costs, this may result in higher costs in comparison with those countries with
effective coordination of investment decisions (cf. Gold's description of decisions on blast
furnace size in Japan (Gold 1974 p 11)).

As Calleo and Rowlands point out, all modern industrial states have governments
that in practice are "mercantilist" or "interventionist" in the sense that they accept an
obligation to interfere constructively in the unfettered operation of the market. The
"infant industry" argument of transient protection or other deliberate intervention for a
new industry is exemplified by the UK National Enterprise Board's £50 million funding
of Inmos Limited in June 1978, in an attempt to secure a place for the UK in what is seen
as an industry of major strategic importance in the future.

16.4.2 Implications for Trade Policy

At the same time, the UK has not made any government-level attempt to arrest the rapid
ly rising proportion of UK demand for finished manufactured goods which is met by im
ports; although the balance of payments deficits caused increasingly by the growth of
such imports have acted as a brake on every spell of reflationary policy in which postwar
goverments engaged from the early 1950s.

Thus the dynamic effects of the scale argument are perceived at levels I, 2, and 3
(unit of equipment, plants, and the company), but lost sight of at the critical levels 4 and
5 (industry and society). This is the background to the contemporary debate in the UK
on the subject of import controls, which have been advocated for several years by Godley
and colleagues at the Cambridge University Department of Applied Economics (Econo
mic Policy Review, 1976, and in Beckerman (1979)).

Godley and Cripps (1978) argue that certain countries in the world economy are
intrinsically "balance of payments constrained," in the sense that attempts to increase
the rate of growth of the economy lead to such rapid growth of imports that the gro
wing trade deficit becomes unsustainable, and expansion has to be slowed. (Devaluation
of the currency requires such a change to achieve balanced payments that it leads to unac
ceptable domestic price increases and a consequent inflationary spiral.) Thus the level of
activity is constrained below the full productive potential of the economy - in other
words, there is unemployment. Their prescription is that, rather than control the level of
imports by deflation and unemployment, it should be deliberately controlled directly
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(at a level not less than it would otherwise have been); and then domestic reflation re
sumed by traditional Keynesian means.

This debate touches the questions of scale at two points. First, Godley's argument
rests upon certain parameters reflecting a country's propensity to spend marginal income
upon imported rather than home-produced goods. In the case of the UK, on which God
ley's arguments were developed, the fact that demand expansion stimulates imports of
manufactures rather than domestic production is related to a cumulative, long-term cycle
of manufacturing decline. High-growth industries abroad exploit scale advantages and pro
duce at lower cost. An industry that perceives a low-growth future cannot build new ca
pacity that will be competitive with imports. This leads to inadequate investment, inade
quate profit margins, and a continuing vicious circle of decline. The cumulative dynamic
effects at the national level can be seen; for a deeper historical analysis of the origins of
this cycle. the reader may be referred to Barnett (1972).

The second scale-related point is that the effect sought by Godley's proposal is,
in system terms such as those used in Chapter 14, the creation of a less tightly connected
environment, diminished interdependence, and thereby the amplification of possibili
ties for a domestically determined economic strategy. For a fuller discussion, see Cantley
(1979).

Generalizing from this discussion, we may observe again the "overshoot" phenome
non. The basic arguments in favor of trade, i.e., comparative advantage and specializa
tion, clearly have some validity; free trade implies division offunctions and specialization
of role, a key component of Bonner's morphogenesis (Chapter 1, section 3.1); however,
eventually this leads to a situation in which the degree of interdependence is such that
diseconomies of insecurity and inability to cope with disturbances and control one's
system outweigh the further advantages. Given the cumulative dynamic effects on be
liefs, and on the institutional expressions of those beliefs, it may be very difficult to crea
te the will for the necessary major policy changes. A high cost in unemployment and so
cial problems may have to be paid, or may be seen as inevitable, before the necessary sy
stem changes are seen as acceptable.

In the long run, a change of direction, a retreat from the extreme of technical pos
sibilities in scale, specialization. and complexity may come to be seen as desirable in the
design and operation of social or national systems as it has become in the design and ope
ration of large-scale industrial plants (see Dathe (Chapter 3), Fisher (Chapter 4), Betts
(Chapter 5)).
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CHAPTER 17 SCALE ECONOMIES AND THE OPTIONS FOR A
SMALL COUNTRY

Donald J. Daly
York University.
Downsview, Ontario, Canada

This paper was prepared to raise at the workshop some of the issues and choices that
small countries have in making strategic choices about industrial strategy and commercial
policy. In writing it up more formaIly for the proceedings volume on the conference, it
has been revised and extended to relate it to other papers and the discussion at the work
shop, but not in a way to destroy the appropriateness of the lively discussion that took
place in response to the oral presentation at the workshop.

The paper will discuss four areas. Initially, the terminology will be clarified, and
then there will be a discussion of the importance of market size in achieving the fuIl po
tential of scale economies in large markets. The third and longest section will deal with
the choices open to small countries, and examples of countries foIlowing the various op
tions. The concluding section will consider some of the problems that a small country
must recognize as being involved in choosing the international specialization route.

17.1 INTRODUCTION

It is important to be specific about the concepts of scale economies (as there are a num
ber that have been distinguished in the literature and in the workshop). In the commodity
producing industries (which dominated the papers and discussion at the workshop), a
major part of value-added costs typically are incurred on the production side. Recent li
terature distinguishes between product-specific economies of scale and plant-specific eco
nomies of scale. Product-specific economies of scale typically relate to the reduction in
average costs per unit with longer runs and higher volumes. These can occur from the
spreading of overhead costs (including set-up costs of adjusting machines for changing
product specifications, etc.) learning by doing, etc. This concept is particularly relevant
for some of the modern consumer goods involving product diversity, styling, etc., produ
ced in a multiproduct plant. Plant-specific economies of scale relate to the variation in
average costs per unit with alternative sizes of plants producing a standardized product,
a concept that has had a much longer discussion in the literature.

In addition to these economies of scale on the production side, there are also non
production economies of scale open to larger firms that operate a number of plants in
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different locations, and even different countries. These economies can take place in ad
vertising, research and development, and financing (cf. Scherer et al. 1975; Gold (Chapter
2) also emphasizes the importance of being explicit and specific about these concepts.

In industrial practice and experience, these economies of scale are inevitably intert
wined with two different but related phenomena. One is technological change - new
ways of producing the same product, or new products that can compete with existing
products. Another dimension is management - the initiating and coordinating function
within the firm. The training, experience, and ability to work with others are important
attributes of management and their effectiveness can be important in the openness to
change and the speed with which new technology is adopted. These are frequently inter
related with economies of scale in the historical experience of products, plants, and firms
in unit costs (as portrayed in progress cost curves or experience curves), and these other
dimensions came into papers and oral discussion at the conference on a number of occa
sions.

Product-specific economies of scale need special emphasis in this proceedings vo
lume for two reasons. For one thing, product diversity is a central feature of the modern
high-income, market-oriented economies, especially in the areas of monopolistic compe
tition and oligopoly. In addition, the effects of short production runs on higher costs are
frequently greater than the cost effect of plants that are smaller than the minimum effi
cient scale. As many of the papers dealt with standardized products (electricity, ethylene
plants, coal, etc.), this topic did not receive as much emphasis in the workshop as a whole
as it warranted, in my opinion.

17.2 SCALE IN LARGE MARKETS

Economies of scale refer to the experience of costs per unit under alternative conditions
on the supply side. However, it is only possible for these economies of scale to be achie
ved in practice if the related demand is also present. This is a major advantage of large
economies or markets over small ones. It is much easier to achieve economies of scale
(without necessarily high concentration ratios in firms in individual industries) in large
markets (or large economies) than in small ones.

The United States is the largest economy, on the basis of market size. Its popula
tion approached 214 million in 1975, with a high level of real income per capita. The Ja
panese economy had about 110 million persons in the same year, with a real income per
capita of about 65 percent of the U.S. level. For northwest Europe, one can no longer
talk about markets on the basis of individual countries, as the enlarged European Com
mon Market has now achieved complete free trade in industrial products. The European
countries in the European Common Market have more than 290 million people. The
levels of real GNP per capita in the individual countries range from almost 80 percent
of U.S. levels (for the FRG, France, and Belgium) down to about 50 percent for Italy.
The larger total population in Europe is about enough to offset the lower levels of real
GNP per capita, making the size of the European economy very similar that of the Uni
ted States in terms of real GNP (data from Morawetz (1977, p. 93)and Kravis et aL (1978,
p. 10». The postwar development of this large regional free trade market is an important
development in achieving scale economies.
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The key point is that these large markets can take advantage of the potential scale econo
mies on the cost side by access to large markets, either domestically or on a free trade ba
sis, which provide an adequately large market on the demand side to sell the large volumes
associated with low costs. If the economies of scale on the production side are large and
the share of production costs in total company costs is high, these scale economies can be
achieved without high concentration ratios if the market is large enough for a fair number
of producing firms.

It should be recognized that market size is not the only factor that is relevant to
achieve low unit costs and lugh productivity. The stock of capital and the age of the capital
stock are also relevant. Although new technology moves fairly easily between countries,
there are significant differences in the speed with which new technology is adopted in dif
ferent countries. Education is a very important factor, especially when it is remembered
that labor income is a very large share of net national income. Relevant dimensions of edu
cation for economic performance would include the general level of education (including
literacy), vocational education, and experience and training on the job. These other consi
derations influence the differences in real GNP per capita and per person employed among
countries with access to large markets.

For illustrations of all of these points in the context of comparisons of economic
growth over time and differences in real income per person employed at a point in time
between Europe and the United States, see Denison (1967) and Daly (1968).

17.3 THE OPTIONS FOR SCALE IN SMALL COUNTRIES

International trade is an obvious potential route by which a small country can obtain
some of the gains from scale not possible in a small domestic market. A rough indication
of the degree to which small countries are achieVing interdependence with other countries
in the world economy can be provided by the ratio of merchandise trade to GNP. Such ra
tios are typically higher for small countries than large countries. For example, the percen
tages of commodity exports to GDP for the United States, Japan and the EEC were 7, 12,
and 11 (for extracommunity trade only) in 1976. For some of the smaller countries in
Europe, total exports of goods were between 40 and 50 percent of GDP. On the other
hand, comparable ratios for Australia and Spain were 14 and 9 percent. (Data from United
Nations quoted in Industry, Trade and Commerce 1978).

There seem to be only three possible options open to a small country. Option 1 is to
follow a policy of relative self-sufficiency, which can be attained by a significant degree of
protection of domestic industry by high tariff and nontariff barriers to trade. The alterna
tive options are to achieve a greater degree of specialization through low tariff and nonta
riff barriers to trade. One way to achieve this is through a regional free trade association
with other countries, which we will regard as Option 2. Another way is through low ta
riffs, attained either as part of more comprehensive multilateral negotiations or unilateral
action, which we will uiscuss as Option 3. We will review the effects of the options and give
examples of small countries that have taken each of these routes.

Option 1 is the small country that uses high tariff and nontariff barriers to trade to
achieve a certain degree of self-sufficiency, perhaps in industries that have high status
either domestically or internationally, such as manufacturing. These tariff and nontariff
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barriers to trade tend to lead to higher prices for manufactured products in the country
imposing them than the prices for comparable items in other countries, and thus consumers
and producers pay higher prices. On the production side, producers are encouraged to
establish plants that are less than the minimum efficient scale for that product, and to pro
duce a wider range of products in plants of a given size than would emerge in a larger mar
ket with a greater degree of product specialization. This prevents the producers in small
countries from attaining the potential economies of scale distinguished earlier in this paper
and discussed in some other workshop papers. Some of the associated symptoms that can
emerge are lower levels of productivity in relation to labor and capital inputs, high costs,
and less openness to change. These tendencies handicap the manufacturing producers in
developing export markets except in selected products.

These policies would receive no support from economists in the neoclassical tradition
of Adam Smith and his modern descendants. Such policies would not lead to an efficient
use of labor and capital resources.

It is also interesting that such policies for small countries would not be supported
by Friedrich List, who provided the fullest alternative analysis and policy proposals of his
period, for Germany and other less-developed and less-industrialized countries. He was a
strong supporter of the elimination of the various barriers to trade between the various
German states and their economic integration into a larger free market within a larger Ger
man Zollverein. He thus recognized that small states should group together into free trade
areas to permit them to take advantage of the economies of scale. Furthermore, he also
favored the adoption of free trade after a country had achieved high levels of real income.
His long-term policy proposals were thus rather similar to the traditions of Adam Smith
(see List 1885 pp. 89 and 115).

Are the costs of tariffs and non tariff barriers to trade large or small? Early estimates
of the costs of tariffs suggested quite small costs frequently a fraction of one percent of
GNP in the country concerned. These estimates covered only the costs to the consumer, as
measured by the extent to which prices were higher than world prices. However, these esti
mates did not cover the production effects of less effective use of labor and capital on the
supply side. When these other costs were included, the costs of tariffs were higher. In 1975
in Canada, for example, the costs of Canadian and U.S. tariffs on Canadian GNP were 8.2
percent of GNP - a very significant amount. Not since the great depression has there been
a Canadian policy that offered such a substantial economic benefit (Wonnacott 1975 pp
177 and xxii; Daly and Globerman 1976 pp. 18· 61). Similar estimates for the early 1960s
were even higher, but some gains from tariff reductions under the Kennedy Round and the
Canada-United States Automotive Agreement have since been attained.

There are examples of small countries that have followed a protectionist route.
Australia (with 12 million people) is one, and they receive further protection by high trans
port costs since they are geographically isolated from other large manufacturing producers.
(Tokyo is about 5,000 miles by air from Melbourne, Australia.) Canada (with 22 million
people) was also in this category, but will have moved a significant distance from the
tariff levels of the 1930s by the end of the 1980s once the Tokyo Round reductions ha
ve taken place.

Option 2 is the option in which a small country achieves specialization by entering
a free trade area or common market for industrial products with other neighboring coun
tries. Belgium, the Netherlands, and Luxembourg are early examples of small countries in
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the European Economic Community (with populations of 10, 14, and a third of a million,
respectively). With complete free trade on industrial products, these small countries can ha
ve free trade access to markets of 290 million people, and a level of total real GNP appro
aching that of the United States. They still retain many aspects of political sovereignty
(including foreign embassies, education, taxation, etc.) with local currencies (with some
limits on exchange rate movements with other European countries).

TABLE 17.1 Indexes of real national income per capita for selected European Common Market coun
tries, 1960 and 1973 (United States = 100, U.S. weights).

-----------

Belgium
the Netherlands
France
FRG

1960

61
61
66
73

1973

75.3
68.4
76.1
77.4

Sources: Denison (1967, p. 22) and Kravis et al. (1978, p. 13).

It is interesting that by the early 1970s, the levels of real national income per ca
pital in Belgium and the Netherlands (examples of smaller countries in the EEC with
comparable data) were closer to those of the larger countries of France and the FRG than
they had been in 1960. The levels of real income were also somewhat closer to that of
the United States, and all the European Common Market countries (except Italy) had
moved ahead of the United Kingdom. These changes can be seen in Table 17.1.

As part of the increases in real income and the narrowing in real income differences
between the countries within the European Common Market, there has been a signifi
cant increase in the degree of specialization and a big increase in intra-European manu
facturing. It is also interesting that these changes took place with essentially low levels
of unemployment and low levels of bankruptcy among companies. There have, of course,
been problems about regional differences and industrial adaptation in some countries,
as pointed out in the discussion by Dr. Ansoff and Professor Gold.

Option 3 is the situation of countries that have achieved specialization and high
real incomes by policies of low tariffs but with more autonomy on economic policy than
may be feasible in a common market. European examples of countries in this situation
are Sweden and Switzerland. Canada is in the process of shifting from a position closer to
Option I to one closer to Option 3 by the end of the 1980s, but it is not one of the
sharpest examples of an extreme situation. Sweden has specialized in such specialty
fields as roller bearings and steel, but a recent Boston Consulting Group study points
out a number of areas of vulnerability in traditional exports, partly associated with po
tential competition from developing countries. The study provides a framework of ana
lysis to assist in identifying key areas for companies to concentrate on, and to isolate
emerging areas of competition in developing countries - approaches that would be rele
vant for other countries in addition to Sweden (Boston Consulting Group 1978).

In the early 1970s, Sweden and Switzerland had levels of real GNP per capita close
to those of France and the FRG; Sweden and Switzerland were slightly lower than the
larger European countries.

These are examples of smaller European countries that have followed Options 2 and
3 and achieved high real incomes per capita comparable to larger countries in the same
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region. These countries are all involved in exporting some varieties of manufactured pro
ducts, but the range of items both exported and produced is specialized and selective
rather than covering a wide range of manufactured products.

For a discussion of intraindustry trade (emphasizing the theory, measurement, and
testing of the concepts), see Grubel and Lloyd (1975). For an early study of coun try size
and economic performance, see Robinson (1960). For an alternative interpretation of the
effects of European economic integration, see Cantley (1979).

17.4 POTENTIAL PROBLEMS FOR SMALL COUNTRIES

An increased degree of involvement in the world economy by producers in small coun
tries is bound to involve new problems as part of the movement into new and larger
opportunities. A number of the more important of these will be mentioned.

There must be a reasonable number of products and firms that are already competi
tive or close to being internationally competitive, at current costs and exchange rates.
These can provide an initial source of export earnings, and with further specialization
they can develop further marketing outlets and broaden the range of products exported
and the range of countries that can be exported to. These should build on existing and
emerging areas of comparative advantage.

Increased economic interdependence can increase the risks of changes in demand,
new competitors, or changes in policies and exchange rates on other countries. A greater
amount of flexibility in corporate strategy and tactics would be necessary than when
production and sales were taking place in a more stable, secure, and protected market.

One potential problem for a small country to consider in moving to a more open and
specialized position in world markets is the abilities, training experience, and flexibility of
its management. A history of technological and managerial backwardness could be an
important handicap for a small country in moving into a more competitive international
economy.

It was interesting in the discussion at the workshop how frequently the topic of
management was mentioned both by speakers from the market economies and the plan
ned economies, including academics, government people, and the business community. It
is also relevant to the ease with which small countries can take advantage of scale econo
mies by operating in larger markets through specialization in a smaller number of products
and industries.
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CHAPTER 18 SCALE STRATEGIES FOR A SMALL COUNTRY
- THE EXPERIENCE OF GDR INDUSTRY

H.-D. Haustein and C. Wittich
Hochschule fUr Okonomie.
Berlin. CDR

18.1. THE PROBLEMS

In our view, scale has a broader meaning than size. Scale refers to the way productive
forces are combined, while size implies the absolute degree of largeness or smallness.
However, while scale and size are different terms and describe different economic con
cepts, they have a close relationship.

Obviously, the size of a country in terms of its area or population is an important
factor influencing the potential for scale economies and the feasible scale strategies. But
the influence is indirect and results, for example, from the amount of mineral and other
natural resources. The potential for scale economies is influenced more directly by the
size of the national economy, measured by such quantities as GNP, number of working
people, fixed assets, level of consumption, the size of the internal market, etc. In a given
social environment, both the size of the country and the size of its national economy li
mit the feasible scale strategies by restricting the natural and manpower resources and the
scientific potential, constraining the accumulation power, and reducing the size of the in
ternal market.

In particular, the size of the internal market limits the potential of small national
economies to take advantage of economies of scale. One way in which small national
economies can oversome this difficulty is to participate in a larger market.

As a result, the economy of small developed countries is characterized by a high
ratio of foreign trade to either the national income or GNP. (In the case of the GDR, the
ratio of foreign trade to national income was 65 percent in 1979.) However, this does
not necessarily reflect the efficiency of the national economy or the influence of scale
economies. It could be due to adverse terms of trade or an inappropriate industrial
structure in relation to the pattern of demand in the external market. Thus, in order for
a small national economy to participate effectively in international trade it is necessary
for it to develop a strategy for the development of its industrial structure that will enable
it to exploit scale economies. In the case of centrally planned economies this means that
there have to be appropriate strategies both for the national economy as a whole and
also for the different branches of industry. For the GDR the basis of such strategies is
participation in CMEA, thus giving the advantages of a large planned market to smaller
countries.

211
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Economies of scale are not limited to production; they can also be in the fields of
research and development, management, financing, sales, etc. (Cantley and Glagolev
1978). Economies of scale in the research and development field are now of special
importance because the achievement of economies of scale in the production field is ba
sed on the transformation of scientific and technical knowledge into the production
sphere. While the percen tage of national financial and manpower resources going to scien
tific and technical purposes is very similar in highly industrialized countries, the absolute
level of resources depends on the size of the national economy. This limitation of the
absolute scientific and technical potential means that available resources should be
concentrated on selected problems; for example, the main effort should be focused on
creating future productive capability. In 1974 the goverment of the GDR decided on a
first draft of a program for the long-term development of basic research in the fields of
natural science, mathematics, and selected technical directions up to 1990. This first
draft can be considered as a starting point for a strategy for scale in research and develop
ment.

Finally, the potential for scale economies is also determined at the level of the eco
nomic organization by such factors as the degree of specialization and concentration, the
size and structure of plants and corporations, management capability, etc.

To summarize, the scale strategies of a small country are composed of a series of
substrategies like:

• Strategies of production structure
• Strategies of research and development
• Strategies for participation in the international division of labor
• Strategies for economic organization

All these substrategies are interconnected in such a manner that it is impossible to
say that one strategy will follow directly from another. In considering organization stra
tegies it is necessary to take the historical background as a starting point because this
background explains not only the given conditions and the conditions that have to be
changed but also restricts future changes (both in size and in time).

18.2 THE HISTORICAL BACKGROUND

In 1950, our industry had 23,582 enterprises with approximately 42,000 production
units (Produktionsstaetten). The share of socialist enterprises was 25.6 percent measured
by the number of enterprises and 75.7 percent measured by the number of employees.
On the one hand, we had a highly concentrated basic industry, for example, in chemicals,
and on the other hand, many industry branches consisted of a large number of small and
medium-sized enterprises.

From the very beginning of the planning system in the GDR, we were confronted
with the task of determining the right scale and size of our production units and enterpri
ses. This task was made more difficult by the need to overcome the disproportions in
duced by the division of the former German economy. So we had to establish new pro
duction units appropriate to the demands of our newly founded state and its economy.
In the first 5-year plan (I950 - 1955), the rapid increase of production was achieved by
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an increase in the variety of different products. Subsequently. the increased demands of
our foreign trade on the technical standard and effectiveness of our products required a
more rational organization of our industry. So in most industry branches programs for
specialization and concentration were drawn up and realized.

The effect of these programs can be shown in various ways. Table 18.1 shows the
change in the size distribution of enterprises where size is measured by number of emplo
yees. In Figure 18.1 the data on size dislribution is plotted on probability paper for the
log normal distribution. The slope of the line is a measure of the degree of concentration
of both enterprises and production units. It can be seen that the number of enterprises
has fallen faster than the number of production units, indicating that what has occurred
is more a process of centralization of management rather than concentration of produc
tion. The main reason for the centralization was the new conditions established by the
complete nationalization of our industry. The former spontaneous process of concentra
tion and specialization could be transformed into a centrally planned and guided one.

Characteristic of the long historical tradition of CDR industry is that most enter
prises consist of small units in different territories. Our industrial corporation for produc
tion of socks and stockings (YEB Strumpfkombinat ESDA) consists of 200 production
units in more than 70 towns and villages in 17 areas (Kreise). In 160 of the production
units the number of employees is less than 100 and in 120 production units it is less
than 50. More than 18,000 employees work in the corporation. When we try to assess the
degree of concentration in this branch we have to take into account the fact that a high
level of specialization was achieved in this corporation combined with the necessary fle
xibility. It is not possible to reduce abruptly the number of production units. More than
that. smaller units are required in the future to meet fast-changing demand, to use local
resources. and to produce needed special assortments of products.

However, we must state that we cannot be satisfied with the present level of organi
zation in our industry. Table 18.3 shows that our metal-working industry is characterized
by only a small share of specialized mass production and automated flow production.
From 1965 the share of specialized mass production in mechanical production only rose
from 8 to 11 percent. One reason for this is the fast growth of the range of articles pro
duced. We can say that our metal-working industry produces more than two-thirds of
the world range of major product groups in this branch.

In the industry of automation instruments, 280 basic products have the following
distrib ulion:

24 products with an output of more than 20 x 106 marks
38 products with an output from 5 to 20 x 106 marks
101 products with an output from I to 5 x 106 marks
117 products with an output of less than 1 x 106 marks.

The number of types is more than 50,000 and the number of articles is some
100.000. This illustrates our problem to reach economical series and to create better
conditions for innovations. This situation leads to a low degree of concentration and a
large amount of interlocking, which must be managed and controlled. On the other side
in implementing new products we do not always reach the necessary scale for a short
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payback period. Finally, we can state that under these circumstances production costs
are too high and therefore it was necessary to rethink the whole organization problem.

18.3 A STRATEGY FOR ECONOMIC ORGANIZATION

In our discussion of scale strategies we indicated that a strategy for economic organiza
tion is related to strategies for production structure, external markets, technical progress,
etc. Organization projects must consider these other aspects and create the necessary ma
nagement facilities so that an overall scale strategy can be followed. For a centrally plan
ned economy with nationally owned enterprises this means the establishment of guiding
principles of concentration, centralization, and patterns of organizational association to
achieve the desired objectives.

The decisive step in this path is the formation of corporations (Kombinaten) re
sponsible for, in most cases, an industrial branch and directly subordinated to an indu
strial ministry. These corporations are the basic economic units. They consist of a number
of legally independent enterprises and are managed by a director-general on the basis of
central plan targets and their own forecasts. They are a modern type of industrial organi
zation and the basis of a modern management system for our industry. The key point is
that these large corporations can take advantage of the potential economies of scale.

The first 37 corporations were founded in 1968. On the basis of their experiences
the next step, strengthening and partial reorganization of the existing corporations and
the formation of new corporations, was implemented during the last 3 yr. At present the
re are 129 corporations producing nearly 90 percent of total industrial production. Each
corporation usually has 20,000 to 40,000 employees (the largest has more than 80,000)
and has a yearly output of several billion marks.

The formation of the corporations is not just a formal change in the organization
structure of our industry nor just a formal union of enterprises into new organizational
units. Every corporation has a special set of global objectives and tasks determined by
the needs of the national economy as a whole (and thus by the current and future inter
nal and external demand). These objectives and targets are components of the national
economic plan. So that the objectives can be achieved with a high degree of efficiency,
the corporation was given the necessary capabilities for research and development, pro
ject drafting, fabricating and assembling, specialized supplies, and marketing (for examp
le, the corporations control about 90 percent of industrial research and development
capability). The corporations are primarily an economic amalgamation of different enter
prises that relate to the general tasks. It is clear that the development of such an econo
mic organization is a process of growth, characterized by increasing division of labor and
a higher level of specialization and concentration (Koziolek 1979). As compared with
the former organization, the corporations are given, within the planned economy, more
responsibility in the following fields:

1. Development and realization of new products and technologies
2. Satisfaction of the needs of the national economy
3. Foreign trade
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All things considered, the corporations possess greater potential for achieving scale
economies. In order to achieve these economies it is necessary to exploit the advantages
of the homogeneous and partially centralized management of all enterprises and institu
tions that constitute the corporation. The basis of the homogeneous management is the
combination within the corporation of research and development, production, and mar
keting into an economic whole. It is well known that if highly specialized production is
broken down into many enterprises and production units, management is more difficult,
particularly in the field of innovation and technical change. By concentrating related
economic activities into a single corporation it will be possible to manage the corpora
tion with a high degree of flexibility and efficiency. However, this usually requires a new
managerial structure with what are called principal enterprises (Leitbetrieb) charged
with organizing joint activities in the fields of research and development, production, sa
les, etc., within a group of enterprises engaged in similar production. Also it requires
new managerial methods, like management by objectives and the application of new ma
nagement instruments like program planning.

The effectiveness of corporate management is strongly linked to the existence of
stable objectives in the main fields of activities. So the corporation has to develop its
own forecasts in the areas of research and development, production structure and produc
tion size, marketing, and the future development of specialization and concentration.
In a centrally planned economy these forecasts must be coordinated with overall natio
nal economic strategies. This is done by an iterative coordination procedure between
corporation, industrial planning ministries, and the state planning commission.

This example indicates that such important changes in the organizational structure
of our industry require changes in all fields and on all levels of management and plan
ning. Now we have to think about new patterns of management and planning at the cen
tral level and further development of the management and planning mechanism according
to the greater economic potential and increased responsibility of the corporations. Star
ting from the main objectives and the facilities and responsibilities of the corporations,
and using the method of program planning, we can find more appropriate standards for
scale and for an optimal relationship between small, medium, and large enterprises.
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CHAPTER 19 DIRECTIONS OF FUTURE RESEARCH

l.A. Buzacott and K. Tsuji
International Institute for Applied Systems Analysis,
Laxenburg, Austria

One of the main purpose of the workshop was to identify needs for further reseach
on scale. In order to do this, participants were asked to respond to the following que
stion:

It would be helpful if you could give us a brief statement of what you feel would
be appropriate directions for future reseach bearing in mind the special position
and character of 11ASA and the practical needs of policy makers and decision
makers.

Although the question was asked within the contex of research appropriate to
IIASA, the suggested research topics are all of general interest. A large proportion of
participants filled in the questionnaire and some also made specific suggestions during the
last session of the workshop. A further indication of research needs is the recurrence of
certain themes in the discussion, each implying a general concern by participants with
certain issues where further resolution seemed necessary.These responses and discussion
form the basis of this chapter.

However, before di~~ussing the specific research directions, there were some general
concerns raised to the phrase bearing in mind the special position and character ofIIASA
and the practical need of policy makers and decision makers, as the conference partici
pants also had a number of important points to make on this.

19.1 WHAT SORT OF RESEARCH ON SCALE IS APPOPRIATE TO IIASA

In his closing remarks to the conference, Tomlinson made the following points:

Tomlinson: Let me just remind you of certain major factors relating to our own parti
cular situation here at lIASA and which affect what we do.

First of all, if we are going to undertake any work it will have to fulfil three con
ditions.
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1. It must be of international interest and East - West. That is a basic criterion,
fundamental to the whole role of lIASA a problem which is only of interest either
to the market economies or to the socialist economies is not something we should tackle
here.

2. Our work should and must be interdisciplinary - many or all of the disciplinary
studies that one might undertake in this field can be done somewhere else besides lIASA.
These two conditions, the interdisciplinary and the international nature of our work,
give a special character to what we can do. We hope that it is a peculialy useful charac
teristic, but in any case, the conditions have to be borne in mind.

3. The third distinctive feature is what I've called coordinating. By the nature of
the work we do and the relatively short periods that people stay with us, probably our
most fruitful work in these applied areas is to identify common problems, and in some
way coordinate the state of knowledge and the state of research with regard to those pro
blems. It is unlikely that we shall be able to produce an entirely new idea and carry it
through to its research conclusion within the length of time that an individual stays with
us. We can, however, achieve a great deal by inviting good research workers to help identify
the state of the art as well as continue their own lines of research and then to coordinate
the knowledge, and sometimes perhaps even the research, of people who are interested
in the same problems. I think this is an important feature.

Some other items also have to be borne in mind. We are expected to direct our
efforts towards real problems, not research for its own sake. This means that what we do
is directed primarily towards analysts and advisors, since we cannot undertake a direct
consultancy role. Staff turnover provides us with a problem beause we don't keep people
for very long periods of time; on the other hand, it does provide us with great opportuni.
ties. We can say that in order to tackle that problem we need a certain kind of person and
there will be a vacancy for that kind of person because of the natural turnover.

Concerning research on scale, and the role of IIASA in such research, he had this
to say.

Tomlinson: ...one of the questions that came up early in our own work, and which I
have been asking myself during the workshop, was: "Should we really be putting a focus
on scale, or is it really just a rather small element in other problems?" My own reaction
to this was that there is a need to put this focus on scale. There are a lot of people in
the world working on innovation, on technology assessment, on management of organi
zation. If we concentrate work on scale within a team here at lIASA we can ensure that
there is an interaction of the various approaches and interests that can be brought to it.
After all, we must not lose sight of the fact that the critical decision that has to be made
by industries and governments is often "How big shall we actually build or allow this to
be built?" We should concentrate our analysis on the real problem. By putting a focus on
scale we can bring all the conflicting factors together. It is, in fact, the problem of identi
fying just what factors are important, combined with, in some cases, an inadequate un
derstanding of their impacts and consequences which has led to mistakes on scale that
have been and are still being made. So my conclusion from this discussion is that it is
indeed worth our while to put a focus on the problems of scale.
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The sheer existence of a team coordinating information and thinking and doing
research is in itself a useful function.

In the subsequent discussion the following general issues were raised: (a) who will
benefit from scale research and, in particular, why should industry be involved with it?
and (b) how are problems of scale a problem for systems analysis?

19.1.1 Why Industry Should Get Involved in Research on Scale

Shutler: The justification r would like to see for industry to involve itself in these studies
is that, whether one is talking about socialist systems or market economies, decisions
about the scale of a new plant and decisions about mergers and takeovers are now regulated.
The decisions have to be taken in a community context. Therefore, it is in the interest
of industry that the people doing the regulating should understand the problems that
industry faces and should understand the decision process through which industries go
in choosing an optimum scale of operations at plant level or total industrial organiza
tional level. Therefore, there is a real justification for carrying on this research provided
only that one can involve individual companies across national boundaries, perhaps
coordinated by steering groups of people in the individual countries linked via IIASA.

Savin: I think that we would agree from the industry side that there is not the need for
study of industry problems for the sake of industry but it could be that from our point of
view that the understanding of the problems of industry should be better known amongst
society in general, goverments, and supernational organizations and the like. To that
extent I think lIASA might have a role to fulfil - not to do the work but to draw atten
tion to the implication of it.

van Dalen: ... for whom is IIASA's research intended - is it intended for industry or
is it intended for other bodies who have some control or some bearing on the way our
society develops, for example. trade unions or governmental institutions who have to
deal with economic parameters and who want to have at their disposal some general ideas
and formulate how to respond to economic changes within private industry. I get the
feeling that nASA is mostly directing its efforts to these institutions rather than to in
dustrial companies themselves.

Tomlinson: To whom is nASA addressing itself? This clearly is a question we are always
asking ourselves. I would say that most of the work of nASA is addressing itself to what
are in general rather large broad policy issues. trying to develop understanding which
would be used at a governmental level, but we do not feel that this call or should be the
sole purpose of nASA. If we are genuinely an institute of applied systems analysis we
have to take account of the fact that rather a large proportion of difficult decisions are
taken within industrial organizations or in the negotiations that go on between produc
tive organizations and government.

I would be very unhappy if we were not addressing ourselves seriously to problems
that worry people within industry. We won't really be successful in this until the sug-
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gestions are coming as strongly from those organizations as they are from UASA, alt
hough at this stage I think we have to put ideas forward. So I believe we do have two
audiences, but we are only just beginning to talk to one of them. One of the features of
this conference is the fact that it has had strong industry representation - that industry
has talked and engaged in debate. It needs to happen more often.

19.1.2 Problems of Scale as a Problem for Systems Analysis

H. Wagner: IIASA is at a period now where the outside world is hungry to see that the
results of systems analysis contibute value in thinking about issues. In this particular
realm, systems analysis is going to contribute in either or both of two ways; one is the use
of systems analysis by an industry or government to think through these scale/size issues,
and the other possible contribution is that IIASA itself will use systems analysis to give
some insights about the issues. Either one will be a viable way to proceed.

I think IIASA needs to have a very clear view early on as to what it intends to get
out of any effort.

Then in his comments written on the last day of the workshop, Wagner wrote:

IlASA has a splendid opportunity to make a major contribution to an international
understanding of industry size/scale issues. Its chance for success, however, appears mo
dest if IlASA staff yields immediately to the temptation of taking any of a number of
obvious next steps that are suggested by the work reported at this conference. I would
counsel a more deliberative research strategy.

Specifically, IIASA staff should devote the next 12 months to clarifying in the
context of systems analysis what are the key issues in theis area. The conference proved
beyond doubt that even the working vocabulary of this area is muddled. Furthermore,
which investigatory appoaches can stand the tests of science is itself a central issue.
Thus, an assessment of what are meaningful issues. which ones are most important to
research, and which ones can be studied effectively by llASA cannot be sensibly made
today. The multinational structure of IIASA, with its organizational resources to obtain
entry into universities, research centers, public agencies, and industrial concerns. creates
a singular opportunity to discover what are the essential research challenges and thereby
to make an important impact on the future thinking in this area.

The target output of the initial 12 months' work would be a publication that pro
poses a comprehensive blueprint (or taxonomy) for research by systems analysts in this
field; specifically. it woult state in detail the issues and hypotheses that need further
attention and testing. For several of these topics, it could propose one or more legitimate
avenues of study, describe the character (nature) of the possible results, and give an idea
of the criteria that are appropriate to judge the scientific merit of the findings (validity
and generalization).

The report, by way of background, should briefly discuss the relative merits of pre
vious research, and point out any pitfalls to research methodology that were uncovered
in this literature survey.
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The concluding chapter would propose what research IlASA intends to pursue, the
rationale for the choice, along with a plan and timetable.

The report, prior to its publication, should be circulated, in draft form, to know
ledgeable individuals outside nASA. These reviews can provide suggestions for reseach
design improvements, alert nASA staff to latent criticism, and possibly indicate where it
would help to call upon scholars from disciplines not represented among MMT's own
staff.

Unlike other substantive areas studied at IlASA, there is less urgency to address is
sues immediately. The truly pervasive and extensive aspects of these issues as well as the
disturbingly limited impact made by systems analysis so far suggest that a careful "front 
end" study would be higWy valuable.

19.2 SPECIFIC DIRECTIONS FOR FURTHER RESEARCH

The main areas proposed for possible future study can be grouped under six main
headings and we shall comment on each. They are:

I. Problems of taxonomy - definition and measurement
2. Organizational scale: size, structure, and environment
3. Scale and technology change (innovation)
4. Scale in industrial complex and associations
5. Implications of scale on national economic and industrial policies
6. Scale and society: issues for the public

Furthermore, the discussion at the workshop indicated a concern with two further
topics:

7. Scale and learning
8. Scale and the uncertain fu ture

19.2.1 Taxonomy - Definition and Measurement

Rochlin: I am most interested in developing descriptive "indications" of scale at all levels
together with environmental interaction. Even if small is beautiful, what is small? At what
points do quantitative shifts in scale entail qualitative shifts, for example, in the locus of
problem area from one part of the system to another or from one level to another? These
are systemic issues and therefore most appropriate to nASA. However, this does not
necessarily imply they are "modelable" in the mathematical sense.

Uhlmann: ... Instead of proving again and again that there are diseconomies of size
we should develop an adequate taxonomy of size. This taxonomy should take into ac
count the level, the sector, the size establishing factors. We should overcome generali
zation like "small is beautiful." There are aspects of size which are beautiful and those
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which are not. To work on such a catalogue of indicators is a tyical task for systems
analysis.

Comment. Various ways of categorizing the situations within which scale problems
can be analyzed in corr.parable terms have been proposed in this book - levels, factors,
etc. A taxonomy of problems of scale at each level and the relevant factors and criteria
seems to be required before one can develop a more general methodology for determining
scale.

19.2.2 Organizational Scale: Size, Structure, and Environment

A nsoff" I would suggest splitting the overall project into several related lines of enquiry.

1. . .. Problems of economies of scale in production
2. Design of the total logistic (productive) process of the enterpri&e. This would

include tradeoffs between research and development, production, distribution, and
marketing. The question to be studied is the effectiveness of the total process as a func
tion of technology, size, location, interfunctional coupling, etc.

3. Design of the total enterprise, comprising both managerial and productive pro-
cesses. I-Iere research could be broken down between strategically stable and unstable
environments. The latter is the key problem in the West today and is of great interest
in the USSR.

Plug: a main bottleneck in the size of organization is managerial in character, or
rather managerial and organizational ... what is required is a taxonomy of organizations
a:Id a Cleory of organizational and managerial functioning, differentiated enough to
deal with different situations.

van Dalen: It is in the area of investigation of the industrial enterprise that shows promise
for further research because the problems of organization and management structure
lend themselves somewhat better to generalizations and abstraction.

Apter: Particular topics needing research, review, or reformulation should be given
special attention and general hypotheses formulated:

1. Bureaucratization/coordination; cost. management, information
2. Social overhead/participation; human priorities, organizational implications
3. Political systems/controls; hierarchy, interferences, re-allocation, priority setting
4. Social structures/class; meritocracy, compensatory education, training
5. Adaptation/social learning; innovation, technology, capital vs. labor intensive

Stoyanov: Development of:

1. System of indicators describing the scale of an economic organization
2. Methodology for determining the scale of an organization
3. Methods and techniques for determining and controlling the scale of the economic

organization.
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Comment. There seem to be two related problems: (I) What is the optimal size
of an organization? and (2) What is the optimal size and structure of the management of
organization in a particular environment? Developing solutions to these problems requires
an understanding of management as a human and social process and management as an
information and control process. Thus the problem of organization scale requires an
interdisciplinary team with experts in both organizational behavior and in information
and control systems. Such a project is probably too broad in scope for IlASA.

However, since the structure of management will be influenced by the technology
of management - for example. the use of computer networks and distributed data bases
for communication, control, and information processing - an appropriate task for IlASA
could be to study actual and planned networks in industry, both East and West, and
develop models by which the performance of these networks can be evaluated and their
influence on managerial structure and effectiveness assessed.

19.2.3 Scale and Technology Change (or Innovation)

Haustein alld Wittich: In our opinion, the main problem for research about scale is long·
range social planning of economic organizations and especially its interconnection with
technology policy (or innovation policy).

Rees: The relationship between scale and the diffusion of innovations: are small firms
more innovative than large firms in different countries?

Schenk: It seems very important to analyze the problem of scale explicitly with respect
to foreseeable changes in technology (e.g., the impact of microelectronics or information
technology).

Comment. The discussion on scale and innovation in Chapter 15 advanced anum·
ber of hypotheses about the relationship between scale and the type of innovation. Major
product innovations occur in relatively small organizational unitis. For major process
innovations, closely integrated medium-size organizations seem to be most effective,
while large organizations with clearly set productivity improvement goals seem to be par·
ticularly good at minor process improvements and innovations.

However. it would seem that an understanding of the scale issues in innovation
should come out of a more detailed understanding of the innovation process. It seems
necessary to study the nature of the communication networks involved in recognizing
and developing an innovation. Arc such networks self-generated or do they need to be
created and motivated from outside? What resources does the innovative group require
and how are they acquired? A better understanding of the innovation process should lead
to a clarification of its relationship to the scale of the organization in which it occurs.

However. there is one problem that may warrant study on its own - the way in
which successive scale-up of plant proceeds. An understanding of what determines the
maximum feasible plant size at a given time seems necessary in order to understand the
decisions firms make on size of plant.
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19.2.4 Scale in Industrial Complexes and Associations

Comment. A problem of paricular concern to the socialist countries following the reorga
nization of their industry in the early 1970s (but also of significance to large companies
in capitalist counties) is the appropriate structure for large multiplant, multiproduct
organizations (see Chapter II (Egiazarian and Glagolev». These organizations have to be
efficient both in producing existing products and in developing and marketing new pro
ducts. It was pointed out by Utterback that it is difficult to combine both aspects in one
organization. An organization structure and control system that promotes efficient pro
duction by specialization and concentration is usually inappropriate for recognizing and
exploiting new product innovations, particlarly when the new product may threaten the
market of existing products.

The solution to this problem appears to be quite complex. On the one hand it
seems to be desirable to develop production systems that are more flexible and require
less specialization to achieve maximum efficiency, perhaps by exploiting variety and di
versity; on the other hand, it seems necessary to develop a better understanding of both
the problems of management scale and the relation between innovation and scale before
significant progress in improving corporation structure can be made.

However, it does not seem possible to develop solutions to this problem until some
of the other scale problems are better understood in particular, management scale,
innovation and scale, and effect of a turbulent environment and uncertain future on the
planning process.

The only direction that research on this topic could take in the immediate future
would be to do a comparative East West study of large organizations in a particular
industry. The objective would be to compare their productive, innovative, and marketing
efficiency and to relate differences to organization structure. IlASA is an appropriate
place for this type of research.

19.2.5 Implications of Scale on national Economic and Industrial Policies

Daly: Market size and options for small countries. It raises interdisciplinary questions
and has some connections with scale, international trade, and living standards and can
affect corporate decisions. It is related to goverment policy decisions.

Stratton: The problems faced by small but developed economies in competing internation
ally. particularly if they have to import energy.

Horsnell: The appropriate size of industrial enterprise in the context of a low or no
growth or even negative growth economy witll abundant supplies of labor and short
supply of fossil fuel. This would currently be appropriate to Third World countries and
will, in my view, become increasingly appropriate for developed countries.

Millendorfer: In the metal products branch of industry we have big firms and small firms.
They produce different things and the question is, can we find abstract principles which
govern the difference in firm size and products? Because, for example. of the bottleneck
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in energy, we will have in 10 or 20 years a very different mix of products and a very dif
ferent demand structure. This has to lead to a different structure of size and scale of in
dustry and we should try and develop an understanding of the process of transition.

Comments. The discussion on innovation in Chapter 15 also raised the question of what
policies countries can adopt when they find that they have too much human and capital
resources tied up in large-size plants in declining industries. While plant closures may be
efficient, the social and political consequences are severe. It seems that an understanding
of the way firms make scale and location decisions is a necessary basis for government
policies aimed at modifying industrial structure.

Another aspect of industrial strategy of concern to a number of countries is the
development of policy to improve the effectiveness of small and medium-size firms.
Such policies may include support for new product or process development, production
and marketing management consulting, and low-interest loans. In order to evaluate the
benefits of such policies there should be an understanding of the benefits of small firms
and the dynamics of their development and growth.

Since the workshop, nASA has decided to look at questions of industrial strategy
within a broader context than just that of scale. However, the specific problem of policies
for support of productivity improvement and innovation in small firms should not be
neglected. It seems that there are significant differences between socialist and capitalist
countries (and within each of these groups) in the role and importance of the small firm
sector to the economy. nASA is in a unique position to permit interchange of informa
tion and ideas between East and West.

19.2.6 Scale and Society: Issues for the Public

Savin: Some studies on the effects of scale on society: the changes in the work ethic and
the like, could be very interesting - as well perhaps as looking at the sometimes alleged
situation that economies of scale sometimes go along with restriction in variety to the
consumers.

Stratton: One of the things that concerns me is the relationship of what we have been
talking about, increasing size and scale, to limits to growth. A few years ago all the deba
te was on limits to growth and here we are discussing growth as a good thing in itself, we
think ... We always tend to start off with economic growth, per se, but are we starting
at the right point? Are we looking at the system as a whole? How does this relate to qua
lity of life? If you were to start from quality of life you would perhaps be setting yourself
very different targets for scale and size. So, are we basing too much on what we have
done in the past and are we assuming that the whole economic and social structure is
going to remain too much the same in the future?

Comments. The question of the impact of scale on the public and their attitudes
to large-scale plants, organizations, and nations is becoming of increasing concern. It me
rits significant research; however, such research is probably not appropriate for nASA be
cause the findings may be politically sensitive. Indeed, nASA's financial support is do-
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minated by two large countries, which may result in symptoms within it of this distrust
or apprehension concerning bigness.

19.2.7 Learning

This topic was discussed at great length (see Chapter 6). For example, it was suggested
that the increase of the size of the largest plant with time or with cumulative production
indicates that a learning process is occurring. However, there was disagreement as to whe
ther this process can be described by a general law, that is, whether the process is inevi
table. Some participants felt that this represents too great a generalization and that in
order to understand the significance of learning it is necessary to determine exactly who
learned what.

The literature and the workshop discussion support the idea that the appropriate
way to think about learning is within a hierarchical context (Figures 6.2 and 6.3, Chapter
6). Learning occurs at a variety of levels within the firm. It is not automatic. Improve
ment is the result of decisions and actions taken by people at each level. However, it
seems reasonable that, in making decisions at a particular level, learning can be assumed
to occur at lower levels.

All the same, it is necessary to understand the learning process at each level. There
are too many examples of firms that wrongly assumed that learning is automatic. There
are limits to the learning curve and these limits can only be understood if the learning
process is understood.

The learning effect can confuse evalutation of the benefits of increasing scale. An
observed decrease in cost with successive increases in plant may not be necessarily due to
real economies of scale. The results of experience in designing and operating one plant
could be incorporated in the next plant. If economies of scale are overestimated, plants
may be built too large and unforeseen problems in extrapolating the technology may
occur.

Thus, it is essential to understand the learning process and its limits. It is also neces
sary to understand how one exploits the learning process to ensure that past mistakes are
not repeated and all available knowledge about the technology and the market is used.
This is particularly important when plant is being scaled up.

19.2.8 The Effect of Uncertainty about the Future

One of the major issues discussed was the way uncertainty about future demands, costs,
prices, and technology will affect scale decisions. For example, compared with the time
when decisions on the size of plant and equipment in the electrical generating industry
were made, recent demand growth has been less, the performance of the generating units
has been worse, and the cost of fuels has been higher. It was pointed out that there is a
tendency in making scale decisions to assume that the factors influencing the future will
be the same as those that operated in the past. Generally, the effect of this inability to
make scale decisions that recognize the effects of uncertainty about the future are seri
ous. However, it was pointed out that in the UK a lower than expected growth in the
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demand for electricity permitted inefficient out-of-date plant to be scrapped so that the
cost penalty was negligible.

As pointed out in Chapter 7, while there are a number of mathematical models for
determining the optimal size and timing of plant installations, almost all these models
assume that the future is known. The few models that allow for uncertainty make very
simple assumptions; either there is no correlation between demand growth in successive
periods or constant demand growth per period, but with a value not known precisely
at the time the scale decision is made.

Thus, there is a need for a better understanding of how to make scale decisions in
the face of an uncertain future. This requires better methods for defining the extent of
our knowledge about the future and the nature of our uncertainty, better models for
allowing for the uncertainties, and approaches for making scale decisions that will not be
affected if the future turns out differently from our expectations.

The objectives of research should be to:

1. Determine the effect of uncertainty about future demand, technology, costs, and
prices on the optimal scale of a plant or a system

2. Suggest methods of improving the planning process so that both the amount and
the effect of uncertainty can be reduced

3. Identify approaches found useful in one industry and which could be transferred
to other industries and other countries

4. Provide the basis for more formal models of decision making about scale

It is also likely that the research would lead to an understanding of the way the
structure of an industry is affected if the level of uncertainty increases, for example,
owing to inflation or changes in the market or in raw material aVailability.
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CHAPTER 20 CONCLUDING REMARKS

R. Tomlinson, J.A. Buzacott, and K. Tsuji
International Institute for Applied Systems Analysis,
La.:>:enburg, Austria

20.1 INTRODUCTION

The main purpose of this chapter is to discuss how far we are able to go on the basis
of the workshop and of subsequent review and analysis in answering the two important
questions that were set out at the beginning of the first chapter. They may be rephrased:

I. To what extent is scale a general problem, and who would be helped by a more
detailed analysis?

2. How far can we go towards developing a general methodology for determining
scale?

Before we discuss these points in detail, however, there are certain fundametal issues
that need clarification and reiteration, since they can easily be ignored or forgotten with
resultant confusion. These issues are:

1. Size vs. scale
2. The dynamics of scale
3. Broader criteria determining scale

20.1.1 Size vs. Scale

Too often the words size and scale are used synonomously; and indeed, scaling-up is
often thought of as a process of simple magnification. Yet the process of making larger is
often more complex than this, involving structural changes as well. (Indeed, without struc
tural change the economies of scale can often not be realized.) We therefore follow Gold
in making a distinction between size and scale and take scale to refer to size and structure.
The point is worth clarification through an example.

The basic difference is outlined in Figure 20.1. Consider a production process pro
ducing a single product. One way of increasing the output is to increase its size, that is, to
make it bigger by increasing some of its dimensions, using larger motors, using higher speeds,
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FIGURE 20.1 Size versus scale.

etc. However, rather than increasing size it is often more expedient to subdivide the func
tions of the process and develop specialized equipment for each function or stage.

Next, consider a process that produces a number of products. Again, one method of
increasing the output is to increase the size of the process. However, in practice two steps
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would be taken; one is to specialize individual stages of the process, and the other is to
specialize the process to individual products to eliminate change over time and interference.
As a further step, more complex structures would develop in which some stages may be
common to many products and others specialized. Indeed, it is conceivable that the process
may become a set of specialized functions connected by some complex network. This is
the basis of Gold's definition of scale: "the level of planned production capacity which has
determined the extent to which specialization has been applied to the subdivision of the
component tasks and facilities of a unified operation." That is, scale encompasses not only
changes in size but also changes in the structure of the process or system.

20.1.2 The Dynamics of Scale

Many discussions of scale take place as if the decision were a static one; that one could,
so to speak, feed in the current values of the various parameters and identify the optimal
scale using standard optimization techniques. Such a procedure would be fallacious in a
number of respects. In the first place, a particular scale decision is part of a time sequence
of decisions within the organization concerned; it is affected and constrained by previous
decisions and the resulting commitments to physical and of!~anizational structures.
Past problems and future uncertainties are as important to the analysis as is present knowl
edge. The dynamic behavior of the various parameters is also important, the accumulation
of experience, market patterns, environment, changes in technology, etc. In fact, the more
that one studies a real problem, the more these dynamics seem to gather in importance,
and the more one becomes aware that an optimum based on static information may be
local in time, and extremely dangerous. So it becomes increasingly important to see the
question of scale in its full dynamics based on past experience and inserted into an uncer
tain, though seldom quite unpredictable, future.

20.1.3 Broader Criteria Detennining Scale

One of the diffIculties in understanding and making scale decisions is that the usual
concern with achieving economies of scale through increasing size is not, on its own, a
suffIcient criterion for determining the appropriate scale. There are other criteria that have
hitherto often been thought of as secondary, but which can become dominant. These other
criteria include flexibility, systems effectiveness, complexity, and human motivation and
performance. We shall give a short discussion of each.

20.1.3.1 Flexibility
When one operates on a small scale, particularly in a situation where a large number
of similar units are concerned, it is relatively easy to react to a new situation, whether it
relates to technological advances or change in customer demands. Individual units can be
changed or modified at relatively low cost, and the changeover can be made gradually.
When scale is increased, that may no longer be so. The whole equipment must be changed
and the ramifications of that change are harder to identify. It is becoming more the rule
that increased scale goes with increased specialization. Specialization also leads to lack of

SPS ~ 0



236

flexibiity, as is illustrated by the supertanker. When trade in one commodity has become
poor, the supertanker has often been found to be too large for the facilitites for handling
other commodities. Similarly, a coal mine may have its large, superefficient surface facilities
geared to rail transport and cannot serve a customer equipped to receive the product by
road transport. Yet with changing markets this may be undesirable. The wrong balance of
specialization and flexibility can easily lead to economic disbenefits.

20.1.3.2 Systems Effectiveness
PJthough it is sometimes possible to look at a unit in complete isolation, more often
than not the unit has to be seen as part of a system and its effectiveness judged by its
contribution to the overall performance of the system. If the performance of that system
is seriously weakened by the inclusion of units of disproportionate size, trouble can easily
begin. Thus, in examining the desirable size of an individual generator, it is necessary to
look at the impact on the whole of the electric power system. There have in fact always
been rule-of-thumb methods for doing this, but they may not necessarily remain valid when
both unit and system increase in size.

Another obvious application where the systems effect is of critical importance is in
air transport - the subject of Chapter 3. Here the danger of running an aircraft at too low
a percentage of capacity is a major factor in the actual operating costs.

Another major factor for consideration is the question of vulnerability and security,
since systems performance is much more sensitive to the breakdown of large units than
small ones. This problem becomes more severe the more closely the system is controlled
and integrated, which is a natural concomitant of increased size. It is also worth remarking
that it is in connection with systems behavior that extrapolation from past performance is
most dangerous.

20.1.3.3 Complexity
In general, it is true to say that large systems have more elements within them, and
are thus more complex systems requiring more care in coordination and control. This
complexity can be expensive. Thus, in the electricity generation case, the large units now
being installed are so complex that the installation time has escalated, and the reliability
significantly reduced. The associated costs have been sufficient in some instances to out
weigh the expected economies of scale. The problems associated with "trouble-shooting"
also increase out of proportion to the increase in size.

The issue of complexity is not easily analyzed, and is too little researched. Some
complexity can be reduced by the modular approach; some is inherent in the situation. It
cannot be ignored.

20.1.3.4 Human Motivation and Performance
The human factor in scale decisions can be quite crucial and is slowly beginning to
achieve the recognition it deserves. The human dislike of being caught inside the big bureau
cratic machine is well known, though its consequences are not easily identified. It is often
assumed that the answer lies in better control - though often it lies in more appropriate
organization - e.g., one which reduces the perceived size of the working group. The same
effect may not be apparent at all levels in the organization - senior managers may prefer
large units because they have fewer subordinates to control, but the managers at unit level
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will face a more difficult task, leading to problems quite different from those to which
they were accustomed.

20.2 TO WHAT EXTENT IS SCALE A GENERAL PROBLEM, AND FOR WHOM?

This topic is best discussed in relation to the requirements of potential decision makers
with problems to solve, and who might be interested in obtaining better information
or analytical techniques concerning problems of scale. We might approach this from a con
sideration of the five organizational levels already discussed, but it will be sufficient for
our purposes to consider just three levels of decision makers, roughly corresponding to the
topics discussed in Parts Two, Three, and Four of this book: the plant designer, the general
manager, and the national policy maker. For convenience, we consider the decision maker
and the systems adviser together as one team.

The first potential user, then, is the designer of a productive unit, or his analytical
advisers. His job is to provide the very best design to meet specified conditions. Thus, whilst
most of the secondary conditions set out above will be considered in his planning, many
of them will be dealt with in a rather perfunctory sense by assuming certain parameter
values, such as the acceptance of a certain growth rate in demand. Apart from the original
elements in the design process, which already cannot be prescribed, most levels ofmanage
ment will almost invariably insist that a normative approach be adopted in the planning
process, Le., that a certain methodology be adopted, a certain set of calculations under
taken, and certain organizational norms accepted. It is critical to an understanding of what
happens to recognize that there is a division of responsibility here, that certain pieces of
analytical research are the responsibility of this level, and others should be undertaken at
the higher level. It is also important to realize that the process adopted will determine the
outcome. Decisions and simplifications must always be made at various stages in the plan
ning process. Thus, in coal mining, one cannot leave all possibilities open until a final opti
mizing calculation is undertaken. The overall planning problem has to be structured and
decisions made at an early stage based on imperfect information. It is often not even
permissible to work on three different alternatives; in practice this would require three
different planning teams leading to impossible organizational complications. Yet the planes)
prepared must be resilient in the face of a range of possible futures. Thus, a methodology
is needed, and at present every technology - and indeed different organizations within a
technology - work out their own. If a general methodology could be developed, it would
surely be useful.

In the second place, we need to consider the decision makers at what one might
describe as the general management level. They have to evaluate proposals put to them
(whose technical reliability they are unable to check in detail) and they must have faith in
the procedures they have laid down. But the proposals have to be considered in the wider
content of the uncertain external environment and general systems effects. They have the
problem of ensuring that the proposals set out for them meet these wider requirements;
and they must therefore ensure that they have the necessary methodology to include these
other factors (including organizational factors) in their final judgment.

Thirdly, we need to be concerned with policymakers at the national level. They may
not make individual decisions but through policy statements, regulation, and a variety of
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other controls and policy rulings, ensure that the decision of the general management will
satisfy general criteria relating to national and perhaps international objectives. They too
need to develop a methodology for this.

Apart from managers, decision makers, and their immediate advisers, we should also
consider the needs of two groups of researchers: those who want to develop modeling
techniques appropriate to particular situations, and those who want to develop improved
understanding of what Simmonds calls "industrial behavior patterns." Those concerned
with industrial behavior patterns require general approaches to understanding problems of
scale and the way in which scale decisions are affected by the relationships between cost,
performance, size, and structure. Eventually, the results of such research will have an im
pact on both policymakers and planners in contributing to a greater understanding of the
significant factors. However, the research requirement, which should come before the
application, must not be ignored if real progress is to be made.

20.3 A GENERAL METHODOWGY: IS IT FEASIBLE?

The discussion at the workshop made it clear that problems of size and scale were wide
spread and not fully researched. It was not clear, however, just how far they could be
considered general, in the sense that it would be possible to develop a generalized normative
approach to a defmable set of problems. Such an approach would require the development
of a standard structure for scale problems with a statement of the technique available for
analyzing the different structural elements. At first sight, it might have been assumed that
such an approach would be most valuable at the level of the productive unit, for it is at
that level where the mistakes are best documented. Nevertheless, it was felt that in some
technologies the relevant factors at the level of the production unit were well known, and
the available analytical technology adequately documented. Failures, if there were failures,
came either from an unwillingness to recognize the symptoms and to undertake the appro
priate analysis, or simply through the insertion of incorrect parameter values in a calculation
that was structurally correct. This was often a result of the unthinking extrapolation of
past experience, and emphasized the need to maintain continual Vigilance in situations of
rapid change, both technological and economic. But in other technologies the situation
was much more open.

Whilst there was a degree of acceptance of the present position with regard to the
scale of productive units in some technologies, there was no complacency at all when it
came to questions relating to higher levels of organization and management. Questions of
the scale of industrial complexes, the relationship of organizations to their economic envi
ronment, and the structure of multilevel complexes were felt, inter alia, to be ill-understood
and needing further research. But the question of generality remains unresolved.

It is of course not obvious that a general methodology should be based on manage
ment levels, as the previous discussion would imply. There is a closer relationship and inter
penetration of the problems at different levels than the structure of this book would suggest.
In an industry such as the ethylene industry, the production technology and its scale char
acteristics are of dominant importance not only at the level of the plant but also at the
level of national economic policies on trade, tariffs, investment subsidies, monopolies,and
competition. It would seem that while level is a useful way of categorizing those decisions
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where scale is an important aspect, it may not be the appropriate way of categorizing the
methodology or critical factors in understanding scale decisions and their impact.

A second categorization, from which we might develop a general set of models, is
that of scale problems in which (a) the production technology is dominant, (b) the structure
or relationships of specialized components are dominant, or (c) the psychological aspects
of group or individual behavior are dominant. However, some scale problems require con
sideration of more than one of these three aspects. A subsidiary categorization of models
and approaches focuses on the environment as either static, dynamic (but changing in a
defmed way), or involving elements of uncertainty and risk. We comment briefly on the
three types of problems.

• Production technology dominant. The characteristics of the production technology
essentially determined most of the size-related capital and operating costs. Formal math
ematical models are quite well developed for both static and dynamic situations although,
as pointed out in Chapter 7, the treatment of uncertainty is not yet satisfactory. Also,
while the dynamic models are quite comprehensive, they are not yet well known.

• Structure and relationships dominant. The way in which functions are assigned to
basic elements and the connections and interactions between these elements determines
performance. Available models are mostly restricted to static situations and relatively
simple networks. However, some of the modeling approaches developed to understand
computing systems and communication networks may be extended to provide more general
insights.

• Psychological aspects of group behavior dominant. Performance is determined by
interaction between the members of the group, role assignment, leadership, goal setting,
etc. There is a considerable descriptive and theoretical literature on group behavior but
not much in the way of prescriptive guidelines. The sociotechnical systems approach tries
to combine this with a consideration of the properties of the production technology and
this work may have relevance to the study of problems of scale.

Alternatively, we might attempt a general methodology in terms of the broader
criteria set out earlier in this chapter (Section 2). It should in theory be possible to write
a series of authoritative statements on complexity and scale, flexibility and scale, scale
within a systems environment, scale and human factors, etc., which could discuss the tech
niques currently available for exploring these questions in a given case. On the other hand,
it is not yet clear that adequate research, particularly into the taxonomy of the subject,
has been undertaken for such a venture.

20.4 CONCLUSION

This volume is the conclusion of 2 years of work, as well as a report on a workshop. What
have we learned, and where do we go from here?

We have learned that there is a major problem that, in one form or another, recur
rently, faces management at all levels of organization. We have learned that there is a large
literature on the subject, but that this literature is for the most part within disciplines,
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and not well known to people from other disciplines. There is a need to develop a cross
disciplinary community and undertake more interdisciplinary work.

Although at the start of the work it was hoped that it would be possible to produce
a general handbook setting out a methodology for tackling scale problems, this does not
appear to be possible at our present stage of knowledge. There is need for more research
of a taxonomical nature, on questions of defmition and measurement. Only then are we
going to be in a position to prepare a handbook, which remains a management need.
Currently, the scientific study of the subject is going down the traditional reductionist
path - identifying analytical problems and trying to solve them separately. To be of use
to decision makers, it is just as important to study how to put the pieces together again.
No one is doing that.

A number of major problem areas have been identified, which would each justify a
conference and a book in themselves. The scale ofinstitutions in relation to the surrounding
economy has already been studied with some care in some countries, but not widely enough.
Scale, management, and organizational size and structure is a key issue where the work of
sociologists and organization theorists needs to be integrated constructively with that of
management scientists and others. The question of industrial complexes and multiorganiza
tions is a major one facing all parts of the developed world and has received all too little
attention outside the socialist countries. Scale and technological change remains a critical
element in thinking about industrial growth. Finally, an increasing number of public issues
related to the question of scale are beginning to emerge in debate. In all these the work
needs to be done on a full interdisciplinary basis, and it needs to be done now.

So far as IIASA is concerned, we have gone a long way in helping to structure the
problem, to clarify certain critical issues, and to establish a new community. Although
the issue of scale will continue to be of interest in IIASA research, e.g., in work on I1ASA's
Innovation Task, it will no longer constitute a separate task (a problem of budget scale).
We hope that our stimulus will enable other researchers to carry on the work.
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