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1.

Introd uction

Standardization is believed to offer major cost savings ,

but there are few published studies which provide any evidence.

Guesses abound . ‘One can only guess how much on the average~

European NATO Allies pay for major equipment as conipared with US prices —

10—20% might be a reasonable guess.~~
1 
~~This study concen tra tes on the

possible savings from standardization in weapons ~roduction~~ The

military benefits and the savings in operating costs are not considered .

Such savings could be substantial. For example , the ownershi p and

operating costs of a modern combat ircraft are at least equal to its

acquisition costs; potential econor~ies of up to 50% in Belgium and

Dutch support units have been suggested through co—operation.
2

Currently,  standardization resembles a hazardous voyage of

exploration into the unknown! It is not intended to conmient upon its

desirability.3 Instead~~ this paper reviews the available evidence

from industrial economic s and international trade studies to see whether

it provides any insights into the magnitude of the possible gains from

weapons standardization in production. Chapter 1 de f ine s  the basic

concepts of scale and learning economi s It presents an analytical

framework which can be applied to standardi ation policies and carefull y

specifies the assumptions and limitations of the model. Chapter 2

1. A. Marshall , NATO Defence Planning in S. Erike (ed.), Defence Management,
Prentice—Hall , 1967 , p.364.

2. J. Nelson , et al, A Weapon System Life Cycle Overview, Rand , R—1452 , 1974;
G. Ashcrof t, Mili tary Logistic Sy~tems in NATO, Part II llSS , Ade iphi Paper
68 , London, June 1970, p.20.

3. K. Hartley and A. Peacock , Combined Defence and International Economic
Co—operation , The World Economy, June 1978; K. Hartley, NATO : Standardiza-
tion and Nationalism : An Economists View , RUSI Journal, forthcoming .
E. Vandevanter,Co—Ordina ted Weapons Production in NATO, Rand , RN4 169 , 1964.
D. Mack—Forli st and A. Newman , The Conversion of Ship building from Military
to Civilian Markets , Praeger , 1970.
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ii.

presents and evaluates the available evidence on cost—quantity

relationships , especially in the UK and Western Europe. International

trade studies are used to indicate the possible gains from free trade

in weapons and comparisons are made between Europe and the USA. Ii~

is shown that between the USA and Europe , differences in the length

of production run may affect costs more than differences in plant sizes —

and this source of cost reduction is probably more important in assembly—

line or job—order type plants than in continuous process plants

(e.g. oil refineries). Chapter 3 considers three industries in detail ,

namely motor vehicles , steel and aerospace. Each was chosen to illustrate

specific aspects of our methodology — namely scale , learning and free

trade effects. The analysis of aerospace also presents evidence on

alternative standardization policies , including joint projects and

co—production. A final chapter (4) presents our conclusions —

scale economies, broadl y defined , could give savings of 10% and free

trade (p lua competition) might result in further gains of 10%.
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Chapter I Theory and Method

A. Theory : Definitions , Assumptions and Estimation

1.1 The Size of Firms and Economies of Scale: The Predictions
of Economic Theory

Economic th Iory explains the size of a firm in terms of its

aims (e.g. profit — or sa1es~-maximisation) and the underlying demand

and cost conditions . The traditional U—shaped long—run average cost

curve (LAC), reflecting economies and dis—economies of scale , represen ts

the cost factors determining firm size. Such a cost curve or scale

curve assumes given factor prices and technical. knowledge , a~ ‘.it~ll as

cost—minimising behaviour by firms . It refers to the output of a

single product or service per period , usually per annum .

Economies of scale show the reductions in unit production costs

when a firm is able to increase its size by varying all factor inputs:

they correspond to the declining portion of the LAC curve. Such

economies are available at the plant and firm level. They arise from

technical factors associated with larger scale plants (e.g. division of

labour; indivisibili ty of p lan t and machinery) , or from econom ies in

managemen t, R & D , marketing and finance associated with operating a

larger firm which may be a single or mul ti—p lant enterprise.
1

1. A Silbers ton, Economies of Scale in Theory and Practice , Economic
Journal, (Supp lemen t) ,  March 1972; Keith Hartley, Problems of
Economic Policy, Allen and Unwin , London 1977 , Chps . 9 and 10. 

~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~ -- - - - - .‘— .~~~ & -  - - ~~~~~~~~~~~~~~~~~~~~~~~~



2. F
Once scale economies are exhausted , unit costs cease to

f a l l  and this poin t, corresponding to the minimum on a LAC curve,

defines the optimum size of firm . Standard theory predicts that

further incre-ises in firm size beyond the optimum will encounter

dis—economies of scale and rising unit costs , as the manager ial task

of co—ordination is reputed to become increasingly more comp lex and

costlier (i.e. control loss))

The relationship between size of firm and unit costs is

one of the determinants of an industry ’s structure . Where scale

economies are subs tan tial , a domes tic marke t migh t only be able to

suppor t one or a rela tively small number of f i rm s , so that there will

be a conflict between efficient scale and competition . The price of

efficient scale might be monopoly,  with possible adverse effects on

prices (including spares), outpu ts, technical efficiency, choice and

innovation. In fact , evidence on concentration provides an indication

of the extent and source of scale economies in an industry . Where

there are subs tantial plant production economies and few economies

at the f i rm level , then enterprises will operate a few large plants.

Al ternatively, the existence of a large number of p lan ts per f i rm

suggests that there are few plant production economies and mainly f i rm

level economies .

1.2 The General Evidence on Scale Curves

Much of the empirical work on scale curves has been restricted

to technical or plant level economies. Some of the industries are by

1. O.E. Williamson , Hierarchical control and optimum firm size , Journa l
of Po l i t i c a l  Econog,~~ A p r i l  1967.
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no stretch of the imagination “key” sectors (e.g. books , dyes and

warp knitting). Nor are there many studies of costs in defence

industries , so that it is necessary to use evidence from “rela ted ”

sectors as possible proxies for scale curves in weapons . In general ,

the evidence on LAC curves in the UK, Western Europe and the USA

shows that typically they are L—shaped , sloping downwards at first

and then tending to become horizontal. The point at which the

curve becomes horizontal defines the minimum optimum or efficient

scale (mes). There appears to be little support for dis—economies

of scale: this may ref lec t their comple te absence or the fa ct tha t

in general firms have chosen to avoid such sizes. However , whilst

the evidence appears to conflict with the standard U—shaped LAC curve ,

its acceptance depends on the validity of the empirical work .

Estimating scale—curves requires t .at variations in factor

prices , efficiency and technical knowledge be isolated and held

constant. Difficult though this might be within a country, the

estimation problem s are much greater between nations. A scale curve

for , say , tank manufacture in France with a given set of factor prices

may differ from that for another economy with different relative

factor prices. In other words , estimates of economies of scale in

France or the UK cannot be assumed to app ly to other countries.

Having recognised the point , one UK study found industries where there

were technical limits on the scope for factor substitution (labour for

cap ital) and cases where the costs of operating capital equipmen t were

_
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a small proportion of costs. Thus , it was suggested that ‘ . . .  our

conclusions would probably  appl y to many other countries even if

relative factor prices were appreciab ly different. ’~ Our survey

partly supports this conclusion since there are a number of international

studies of industries which treat the UK and Western Europe as a

reasonabl y homogeneous unit with similar scale curves; these differ

2
from US experience .

1.3 Estimating Scale Curves

Various techniques are used to estimate scale curves. Since

these estimating methods form the basis of ‘he industry studies reported

in this survey, some general unders tanding of their limitations is

required before applying uncritically the estimated scale factors to

indicate the possible “savings” from weapons standardisation. Three

esti”lating techniques are available , namel y,  statistical cost analysis ,

engineering estimates and the survivor technique:

a) S ta t i s t i ca l  cost anal ysis  uses avai lable  and ac tua l  cost data

from firms producing different levels of output. With this method ,

problems arise because of differences between economists ’ and accountants

concepts of cost (i.e. opportunity costs v money outlays), and the

difficulties of valuing fixed capital assets based on c4i~., antiquated

technology (e .g .  different firms use different depreciation methods).

Confusions are likely between short—run and LAC curves and , unless a l l

firms are efficient, statistical “bes t f i ts” might not be least cost.

1. C. Pratten and R.M. Dean , The Ec onom ies of La rge—Sca le  P roduc t ion
in British Industry, Department of Applied Economics , Cambrid ge ,
Occasional Paper 3, 1965 p.13.

L 

2. D. Burn and B. Eps tein , Reali ties of Free Trade : Two In~’istr y Studie
Allen and Unwin , London , 1972. 

— ~~~~~~~~~~ —.~~ .~~------——. -~~~~~~—-~~~~----~~-~~ -- - -—--.
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Moreover , there are the standard d i f f i c u l t i e s  of ho ld ing  cons t an t

all causes of cost variations other than scale (e.g. factor prices ,

technology) and of allocating costs for a sing le prod uc t in a

multi—product firm .1 In the circums tances , it has been asser ted

that cross—section contemporaneous accounting data for different

f i rms  give lit tle , if any , information on scale economies:
P.

‘ . .. accounting cost data tell us nothing about ex ante costs of

outputs of d i f fe ren t sizes , but only about the efficiency of the

capital market in revaluing assets. ’2 Fur ther con f usions are

likely once it is recognised that the existing distribution of

firms in any industry reflects bo th “mis takes” and planned differences

designed to exploit any comparative ability .

b) Engineering estimates use experts (managers and engineers)

to estimate the cost of production for hypothetical plants of

different scale.
3 

This approach is reputed to allow other influences

to be held constant , especially technical knowled ge and relative

factor prices. However , the method usually concentrates on plant

economies in prod uction , neg lec ting firm level economies. It is

also subject to the limitations of interview — questionnaire techni ques ,

with a possible bias towards finding large scale economies. For

example, the best managers are likely to be interviewed and they might

be optimistic about their abilities to exploit scale economies at output

1. C. Smith , A Survey of Empir ical  Evidence on E conomies of Scale ,
Business Concentration and Price Policy, Princeton , NBER , 1955.

2. M. Friedman , The Theory and Measurement of Long—Run Costs (1955),
reprin ted in G.C. Archibald (ed) The Theory of the Firm, Penguin ,
London , 1971.

3. This me thod was used by C. Pratten , Economies of Scale in Manufacturin r
Industries, Department of App lied Economics , Occasional Paper , 28 ,
Cambrid ge , 1971.

-~~ --- - --- --- — — ~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~ —~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~ 
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levels which are considerably beyond their experience. Nor is

it always obvious that “other influences” are being held constant

in interview situations.

c) The survivor technj~~~ assumes that firms and plants which are

increasing their share of industry output over time are of optima l

- P .  size. It reflects the view that an efficient size of firm is one

tha t mee ts any and all problems (i.e. survives). The technique

avoids the difficult problem of valuing resources properly. For

estimates of the potential gains from standardisation , it is perhaps

significant that one US study using the survivor method found a wide

variation of optimum firm sizes in each industry) In other words ,

it might be misleading to focus attention on single point estimates

of optimum size if actual industry structure reveals a diversity of

experience consistent with efficiency and survival . But a critic

of the survivor technique has claimed that it is an ‘ ... art, no t a

purely objective scientific process ’,
2 and tha t it canno t safely be

used on its own . For example , in a study of 117 US industries , the

survivor test failed to give clear , unambiguous results for over 60%

of the samp le.3 Moreover, a comparison of the evidence from survivor

and engineering methods can give comp le tely different orders of magnitude

of minimum efficient scale. For examp le , in the case of cemen t the

I.  G. Stigler , The Economies of Scale , Journal  of Law and Economics ,
Vol. 1, 1958. Stigler maintains that historical cost valuations
are irrelevan t under changed conditions . He found that optimum
firm size is posi tively rela ted to both p lant size and technology —

research (as measured by eng ineers and chemists  per 100 employees) .

2. W.G. Shepherd , What Does the Survivor Technique Show About Economies
of Scale? Southern Economic Journal, July 1967.

3. Ibid . The technique only indicates efficient sizes and does not
provide evidence on the slope and shape of LAC curves.

- -~~~~~~~~—~~~~—— - , - -- .~~~~~~~~~~~~~ -- -—- - -~~~~~~~~ ~~~-
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minimum e f f i c i en t  p lant size as a percentage of the indus t ry ’ s ou tpu t

was est imated to be 1.4% using the survivor method and 10% using

engineering estimates!
1 

But are such conflicting and ambiguous

results a reflection of the limitations of the empirical work?

Or , do they reflect massive actual inefficiencies in industry structure

in any set of market conditions? The proponents of the latter view
P.

are required to explain why such apparen tly inefficient firms continue

to survive, when markets are competitive and there are alternative

suppliers.
2 Of course , some national weapons industries in NATO

(e.g. aircraft) are subject to government protection and limitations

on competition. In which case, the economic arguments for standardisation

can be presented convincingly in terms of the mis—allocation of

resources associated with government—created imperfections and restrictions

on the operation of a competitive market (e.g. monopoly, entry barriers ,

ta r i f f s  and preferential purchasing).

The evidence from individual industry studies could give

a misleading impression that scale economies for a country ’s manufacturing

industry as a whole are more important than is the case on average .

Af ter all , if there are major cost reductions from larger scale , why

do they remain unexploited? In many instances , the cos t penal ty of

opera ting below minimum efficient p lant size is quite small. At one—

third of optimal scale, a cost penalty of under 5% was found in nearly

1. R. Rees, Optimum Plant Size in UK Industries: Some Survivor
Estimates, Economica. Nov . 1973, Table 1; A Silberston , Economies
of Scale in Theory . - .1 Prac tice , Economic Journal, (Supplement)
March 1972, Table 1.

2. ‘If we ask what size firm has minimum costs , and de f ine  m inimum
costs in a sense in which it is in the firms ’ ow-n interest to
achieve it , surely the obvious answer is: firm s of existing
size ...: foolish questions deserve foolish answers ’.
M. Friedman , 1955 , op. ci t.

_ _ _  ______________________
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half of the products studied and of less than 10% for three—quarters

of the products) In the circumstances , it has been suggested that

given ‘the inherent biases of these estimation techniques , no f i rm

conclusion on the relative size of optimal plants for British industry

can be reached. Presumably, such a conclusion is applicable to

P. other nations.

1.4 Size of Firm and Scale Curves: Dynamic Factors

Standard economic theory distinguishes p lan t and f i rm level

economies as the major sources of cost reductions associated with

larger firms. Most of the empirical work is on plant economies.

However , in countries such as the UK, increased concentration has

resulted more from a rise in the number of plants owned by f i r m s  than

through increasing plant size.
3 

Such developments could be consistent

with firm—level economies (alternatively,  they could reflect the desire

for monopol y power and/or the managerial pursui t of non—profit

objectives). A British study concluded that over 70% of the variation

in the level of concentration can be explained by scale economies (bo th

plant and firm level economies).
4 

But, what little direct evidence

there is on firm level ec~ncinies suggests that they are generally small.

1. F. Scherer , The Determinants of Intermational Plant Sizes in Six
Nations , Review of Economics and Statistics , 1973. The industries
with under a 57. cost penalty were cigarettes , paints , oil r e f in ing ,
shoes and automobile storage batteries.

2. S. Aaronovjtch and M.C. Sawyer , Big Business, Macmillan , London
1975 p.206.

3 . S . °ra i s , Evaluation of ~iant Firms in ~ritain , N . I . E.S)~- .,
London , lq7~~, p .46

4. M. Sawyer , Concentration in British Manufacturing Industry,
Oxford Economic Papers, Nov . 1971 , p.3?4. 

-‘--~~~~ -- - - -a.---
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For example, one US study estimated that the economies to a multi —

plant firm compared with an efficient single p lant enterprise

averaged under 2% of unit costs) Other studies show that multi—

plant operations tend to be more extensive the larger markets are

in relation to the output of a p lan t of mes , the less steep the

slope of the LAC curve and the higher are outbound unit transport

- P .  2
costs.

The standard analysis of scale economies is static and

it neglects the possible relationship between size of firm and cost—

reducing dynamic factors. Technical progress and learning economies

are the dynamic sources of lower costs. Supporters of large firms

maintain that they promote technical progress. The hypothesis is

tha t onl y firms which are of large absolute size can afford the

costly research and development (K & D) necessary for technical

progressiveness.
3 

However, a survey of empirical work has concluded :

‘The hypothesis that sheer size and a monopolistic—typ e market

structure are sufficient prerequisites of a greater volume of research

res ts on shak y empirical foundations . It is true that R & D effort is

concentrated in large firms, but research intensity appears not to

increase significantly with size or the degree of concentration of the

market.’
4 

There is more convincing empirical support for learning

I. S. Prais , op.cit., p.65.

2. F. Scherer , Determinants of Multi—Plant Operations in Six Nations
and Twelve Industries , Kyklos, 1974, p.137. The elasticity of the
number of plants per enterprise with respect to transport costs
was 0.39 in 1968: Prais , op. cit., pp .73—74.

3. K. Hartley , Problems of Economic Poliçy, Allen & ljnwin, London ,
1977 , chp.9.

4. C. Kennedy and A. Thiriwall , Technical Progress: A Survey ,
Economic Journal, March 1972 , p.49.

- —- --- - - ~—~~~~ --
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economies as a source of lower costs. Indeed , some of the cos t

estimates of (static) scale economies include learning effects.

Learning curves (experience or progress functions) show

the extent to which unit costs decline with increases in cumulative

output. The basic idea is that the more frequently labour and

P. management perform a specific task , the more efficient they will

become at that task. For example , an 80% learning curve is typ ical

for the UK aircraft industry .
1 

This indicates that direct

labour inpu ts will decline by 20% for each doubling in the cumulative

output of a particular aircraft. For a number of activities (e.g.

aircraft, machine tools , turbo—generators , marine diesels , shipbui ld ing ,

steel , refrigerators) learning curves with slopes of between 60% and

97% have been observed. Learning varies between industries and ,

within an industry,  between firms and different stages of the production

process within the firm . A US study of machine tool production

estimated labour learning curves of between 75% and 83%, with a mean

slope of 80%. Learning economies were found to be much greater in

assemb ly than in machining operations: assembly gave an average 747.

curve compared with 86% for machining.
2 For shipbuilding , learning

curves of between 78% and 84% have been estimated . Similar ly,  in

the 1960’s, a major British airframe firm found that a 77% learning

curve applied to three of its projects. This “composite” curve consisted

of a 707. curve for assembly, a 767. curve for detail manufacture and a

1. K. Hartley, Estimating Military Aircraf t Production Outlays ,
Economic Journal, Dec. 1969.

2. W. Hirsch , Firm Progress Ratios , Econometrica, April 1956, p.139. 

- - —~~~~~~~~~ -~~~~~--~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~- - - -.~~~~ .- .~~ ,~~~~~~~~ --—~~~ - - - — - — ---
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92% curve for “other ” activities) For the US aircraft industry

a 75% learning curve is typical. In other words , there is a

diversity of experience and , on a priori grounds very li tt le can

be said about the magnitude and uniformity of the learning curve.

Never theless , learning curves for some 50 industries have been

identified . On this basis , a general “rule of thumb” has been

P. proposed name ly that, ‘the characteristic decline in the unit cost

of va~’~e added is consistentiy 20% to 30% each time accumula ted

production is doubled. This decline goes on in time without_limi t

Not surprisingly, learning is highly significant in labour—intensive

operations. In addition to learning in production work, there is

now evidence of similar economies from experience in K & D. A study

of British and American airliners found that firms with previous

experience from related military and/or civil work , might comp le te a

project in about 80% of the time required by a manufac turer without

such experience.
3 

The extent to which learning or previous experience

in R & D determines a nation ’s competitiveness depends on whether

technical progress is evolutionary or revolutionary.
4 The possibi l i ty

1. K . Hartley , op.cit ., 1969 , p .873

2. Boston Consulting Group , reported in Cmnd 7198, A Review of
Monopolies and Mergers Policy, HMSO , London 1978 , p.82 .
Value—added is wages plus profits. For mass—produced items
such as cars and TV ’s, firms are likely to substitute production
planning for learning on— the—job. C. Pratten , Economies of
Scale in Manufacturing Indus~~y, Cambridge , 1971 , p.283.

3. K. Hartley and W. Corcoran , Time-Cost Trade—Offs for Airliners.
Journal of Industrial Economics, March 1978, p.218. For examp le ,
the Valiant and Boeing B47 and B52 bombers prc~v ided prev ious
military experience for the VC—lO and Boeing 707, respectivel y.

4. K. Hartley , Development Time—Scales for British and American
Mili tary Aircraft , Scottish Journal of Political Economy,
June 1972.

- - .  - -
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of revolutionary developments will tend to reduce the benefits of

previous experience . But , for decision—makers , revol ut ionary

advances are more readily identified ex ~~~~ than ex ante. Thus

technical progress is an example of the uncertainties which

confront decision—makers in the field of weapons procurement

P. policies (including standardisation policies).

~~~~~~~-~~~
- 

~~~~~~~~~~~ -— ______
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B. Method: A Methodology and the Model

1.5 Introduction : The Policy Framework

Standardization is reputed to offer reductions in the

uni t costs of weapons through a more “efficient” utilisation of

NATO ’s resources curren tly allocated to defence research and

development (R & D) and production. Savings in development

resources will emerge if, ceteris paribus, “duplication and overlap”

in R & D work is reduced or even abolished . Production costs will

also be reduced. Compared with a variety of small—scale outputs ,

one large production run will lead to scale economies and lower

production costs. Moreover, “fixed” B. & D costs will be spread

over a larger output , so further reducing total unit costs (i.e.

K & D and production). Additional gains from standardization

are expected if international “collaboration and co—operation” in

development and production is associated with the establishment of

a free trade area in weapons — i.e. with each member of the Alliance

specialising in those parts of the weapons development and production

process in which it has a comparative advantage , so reap ing the gains

from international specialisation and mutually advantageous exchange.

1.6 A Two—Stage Approach

This outline of the sources of costs savings from standardization

suggests a two—stage methodology for the industrial survey:
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a) Stage I. The identification of the shape of the LAC curve

and the minimum efficient size of firm (mes) for each major product

within each nation . In partic’ilar , we need to ob tain an indica tion

of the cost implications of operating below mes. For example,

where are European firms in relation to mes? But this evidence

will only show the possible cost savings of a greater scale of output

within any one nation (i.e. absolute costs). It will not identify

which nation within Western Europe is the lowest cost source of

supply for any one product.

b) Stage II. The relative position of scale curves between

nations has to be determined (i.e. relative costs). Which nations

within NATO have a comparative advantage for which weapons? What

are the likely cost savings from a NATO free trade area or coimnon

market in weapons?

Figure l.l sutnmarises our model and methodolog ical approach.

Stage I is concerned with movements along a LAC curve, say LAC
1 

in

Figure 1 .1(a). Evidence from industry studies will be presented on

the shape of such scale curves within European nations. The cost

effects of operating at, say , 50% of mes are of special interest for

standardization policy — e.g. C
2 

in relation to C
1 

in Figure l .1 a ~~.

The advocates of weapons standardization maintain that below mes , C~

is substantially greater than C
1
. Addi tional to production economies

are the potential savings in R & D. These can emerge from two sources ,

name ly ,  the spreading of “fixed” R & D costs over a larger output as

well as possible scale economies in the K & D function. Evidence

will be presented on the magnitude of development costs for advanced

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

j
- AS .&-.S--~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~ . ~~
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technology weapons as well as studies of the relationship between

firm size and K & D. Stage II is more ambitious and attempts to

id entif y differences in (and hence the relative positions of)

LAC curves between nations — i.e. LAC
1 

in rela t ion to LAC 2, as in

Figure 1.1(b). For example , at output Q1 in Figure 1.l(b~
) nation

B is the lower cost supp lier and can prod uce the output at C 1,

compared wi th C
2 
for country A: the movement between cost curves

is an indicator of comparative advantage. International trade

studies as well as international studies of particular industries

provide some evidence on comparative advantage. Further insights

are available from studies of the effects of tariffs and the

estimated benefits of free trade following the formation of the EEC .

Figure 1.1

(a)

Average i

Cost

C2

C
1 

- — — -- - - Long Ru n
Average Cost (LA C1)

>
0 ½ MES MES Output (Q)

(M) inimurn
(E)fficient
( S)c ale

— -- -- —-. - — -~~ - — ~~~~ - -
“~~~~~ - - -— -~~~~ --~~ -- , — -- - —
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~~~~~~~~~ ltb )

Average
Cost

P.

0 Output

This framework can be used to analyse the sources of

costs savings from standardization . The possibilities are

summarised in Figure 1 .2. Consider two nations , with A represented

by LAC
1 

and B by LAC 2 , as in Figure 1.2. Ini tiall y,  nation A (the USA?)

is at the cost—output position C
2 Q2, whilst country B (UK or France?)

is at C
3 Q1, on LAC

2
: then country B is the lower cost supplier

and can produce Q2 at C1. If B specialises and produces both Q1

and Q2, equal to Q3, its uni t cos ts will be C0. There are potential

cost savings of C
3 

— C0 
for B and C

2 
— C0 

for A. Figure 1.2 ~~~~ shows

that under “independence” , nation B can achieve the same unit costs

as A at output levels lower than Q2 
— i.e. Q1 gives unit costs of C2

for coun try B. International differences in productivity and wage

rates will determine a nation ’s competitiveness. If A ’s productivity

is twice B’s but its wage rates are three times as great , then unit costs

will be lower in B (i.e. B’s uni t costs will be two—thirds of A ’s) 

- _s  -- — —- —- -~~~~~~ - -- - 
-- --—- _ --

~~~~~~~
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Fig ure 1 .2

Aver age
Cost

0 Q1 Q~ Q2 Q Output (Q)

1.7 Limitations of the Methodology: Its Assumptions

The methodology outlined above is based on a number of

assumptions . These have to be recognised in order to appreciate

the limitations of any model used to estimate the potential cost

savings from standardization . The major assumptions of the model

as re f le cted in Figures 1.1 and 1 .2 are~-

1. Pricing policy for weapons . A full—cost or average cost

pricing mode l is assumed , with weapons prices based on unit costs

1
(including a profit mark—up). In other words , it is ass umed tha t

1. For details of UK weapons pricing policy, see K. Hartley, Es timating
Military Aircraft Production Outlays: The British Experience ,
Economic Journal, Dec. 1969; also , K. Hartley , A Market for Aircraft ,
Hobart Paper 57 , LEA , London 1974.

L _ __ _ _ _ _ _ _ _ _ _ _  
- —

~~~~~~~~~

— -

~~~
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prices wi l l  “ f o l l o w ” the cost curves LAC 1 and LAC2, as in Figures 1. 1

and 1.2 . C lea r ly ,  the actual  p r ic ing  policy w i l l  depend upon a

f i rm ’s objec tives , the presence or absence of actual or potential

competition and the form and extent of government regulation.

To the extent that standardization po. ies restrict competition ,

-

~ P. 
there are potential adverse effects through monopoly prici ng ,

— 

especially for spares. For examp le , consider the UK “belief ” that

US aircraf t are “cheap”, bu t you “pay” for the spares: this

is one argument used for an independent UK aerospace industry. The

worry about monopol y pricing is reinforced when it is remembered

that the estimated gains (to whom?) from standardization also depend

upon a nation ’s pricing policy for recovering its R & D costs on a

major weapons system.

ii. The demand or buying side is ignored. All the estimated

savings in th~ model are restricted to the reductions in unit costs

as shown in Figures 1.la~d 1.2 . Economic theory shows that where markets

are imperf ect as in defence (monopolies , entry barr ier s, tar i f f

pro tection), there is a mis—allocation of resources with adverse

effects on consumer welfare. The “bes t” or optimum allocation of

resources can be achieved with a set of competitive markets. Thus

an optimum allocation of resources , as reflected in a competitive

outcome , represen ts the maximum savings and benefits which can be

achieved from standardization. On this basis all other standardization

policies (e.g. off—se ts; work—sharing and other departures from

competition ) are likely to result in smaller savings than the maximum

available. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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iii. The internal efficiency of firms. Firm s are assumed to be

technicall y efficient, wi th the LAC curves in Figures 1 .1 and 1 .2

representing cost—minitnising behaviour . However , in non—competitive

markets , such as defence , enterprises are likely to be charac teri sed

by organisational slack or X—inefficiency . Competition acts as

a pos sible self—policing mechanism , inducing f i rms  to mi nimis e
- P .  1

costs . If standardization is associated with greater competition

in NATO weapons marke ts , the resulting “shock e f f e c t” leading to

cost minimising behaviour , will be a further additional source of

cost savings. US evidence shows that_wi th scale econom ies tak en

into account, competition within a national market can reduce

average costs by about lO%.
2

iv. No dis—economies of scale. However , a major  expansion of

firm size beyond existing experience levels might encounter managerial

dis—econoinies . This  is a par t icular  problem for  na t ions  like count ry

B (UK , France?) in Figures 1 .1 and 1.2. Will country B fo l l ow LAC
2 

if

outpu t levels of Q2 and were to be f eas ib le?  For example , the

UK aircraft industry has no experience of US production runs and

there might be learning costs for a new entrant into the large—scale

league. Moreover , if pr oduction is concen tra ted in a few lo calised

p lan ts, there could be dis—economies in transport and distribution.

Any such dis—economies will reduce the estimated cost savings of

standardization .

1. H. Leibenstein , X—Inefficiency Xists — Reply to an Xorcis t ,
American Economic Review, March 1978. Much depends on a supply
of entrepreneurs willing to operate at minimum cost.

2. Ibid , p.209. 

~~~~~~~~ — — - - ~~~~ — - -
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v. The adjustment period and associated requiremen t for a

re—allocation of resources. To achieve the maximum cost savings

from standardization will require a re—allocation of resources to

ref lec t each nat ion ’s comparative advantage in weapons development

and production . Such a re—allocation will take time and might

-P. req uire the in troduct ion of public policies to “improve” the

1
allocative process , especially in labour markets. Similarly,

if standardization concentrates output in a smaller number of firms ,

an expansion of capacity will be required , with inevitable delays

in the delivery of weapons during the adjustment process. The

appropriate time—scale for the adjustment period is clearly a matter

for public debate. Even with comp lete agreement between governments

on the most desirable form of standardizatiun ( f ) ,  some 5—10 years

is likely to be the minimum time—period.

vi. Ceteris paribus. The model assumes given technology and

relative factor prices. But markets are dynamic and no t static ,

especially for weapons. Whilst the future is uncertain , it can be

predicted that technology and relative factor prices will change

and that these changes will occur both within and between countries.

With technical progress and changes in productivity and factor prices ,

a nation ’s comparative advantage will change; and these trends will be

reflected in market exchange rates. What are the likely trends in

the major exchange rates over the next 10—20 years? Wi thin a

standardiza tion framework , such questions cannot be ignored , since the

1. See e.g. K. Hartley , A Market for Aircraft , Hobart Paper 57,
LEA , London , p.66 , 1974.

- -_- -- - - - -—- - —- -—
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answers (forecasts) will clearly affect the “optimal ” procurement

polici es. Standardization policies cannot assume a static world

in which today ’s (or yes terday ’s) pattern of international comparative

advantage and trade flows will necessaril y app ly in the future.

No one can predict accurately the future. The task for policy-makers

~~P. 
is to create an environment which allows firms to adapt and adjust

to change (e.g. permits new entrants to weapons markets).

vii Other policy targets. Our survey will concentrate on the cost

savings of standardization to the relative neglect of the domestic

emp loyment , balance of paymen ts and technology implications of standardizz~tion.

Cer tainl y, the evidence on scale economies indicates substantial

opportunities for industrial re—structuring . A ~K stud y of 30

industries found that in 1968 the percentage of total industry

emp loymen t in p lants outside the optimum size range varied between a

minimum of 4.9~ (margarine) and a maximum of almost 80% (bolts , nuts

and screws) , wi th  a median of some 33% :l an ind ica t ion  of the p o t e n t i a l

fo r  s t ruc tu ra l  improvement in i ndus t r i e s .  In some i ndus t r i e s  and

reg ions, standardization might involve major emp loyment effects. For

example , it has been estimated that the adoption of a competitive policy

for the British aircraf t industry could result in the “loss ” of 50 ,000

100 ,000 jobs.
2 

But such estimates have to be p laced in their macro-

economic contex t .  Here , general  evidence on the emp loyment  e f f e c t s  of

increased imports is relevant. Whilst increased imports might have

1. R. Rees, Optimum Plant Size in the UK , Economica Nov. 1973 , Table 1.

2. K. Hartley , A Market for Aircraft , op. cit., p.66.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~*-~~~ --~~- 
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serious local or industry—specific effects, the evidence shows that~

in general, their total impact on employment in developed nations

is small in relation_to total emp loyment (or to job quits).

US studies found that in 1969, some 77,000 jobs wer e los t fo r

every $1 billion of imports (1969 prices) — this was 0.1% of 1969

P. civilian employment and 3% of imports.’ A further American study

of 1960—65 found that increased imports were relativel y unimportan t

as a fac tor accoun ting for the to tal chang e in employmen t — the

negative effects of productivity increases and the positive impact

of demand increases were much more important , as shown in Table 1.1.

Table 1.1 Employment and Imports

% of jobs
Change in employment (000 ’s) Numbers (000’s) “ los t”

attributable to:

Demand + 5,339.7

Imports  — 234.4 5.1%

Ou tpu t per employee (productivity
1957—59 = 100) — 3,256.9 7O.9~

Interaction — 1,100.1 23.9~

Employment: + 1,105.3

Notes (i) All manufacturing , 425 industries , USA , I9oO~~ S.
(ii) Source: C. Hsich , International Labour Review , 197’ , op.cit

I. C. Hsich , Measuring the Effects of Trade Expansion on Emp 1~ vmc r.t:
A Review of Some Recen t Research , International Labour Review,
Jan. 1973.
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Even the local and indus t ry  employment e f f e c t s  of increased

impor ts can be exaggerated. For example , between 1951 and 1966 with

import competition , employment in the UI’. Lancashire cotton textile

industry fe l l  by 215 ,000 workers , or 60%. The labour force

re—adjusted through outward migration and grea ter d ivers i f i ca t ion

of industry in Lancashire (regional policy): between 1955 and 1964,
P.

unemployment in the textile areas was close to the national average.

In other words , labour markets can, and do , adap t and adjust to

change. For our purposes we need to recognise that there are

emp loymen t, as well as balance of payments and technology implications

of standardization policies and each of these might be major elements

in a government ’s objective function .

1.8 Conclusion : The App lication of the Model

This model provides a framework for quantifying the cost

savings from standardization in weapons procurement. The concept

and measuremen t of scale economies and the as sump tions of the model

have been specified. Given these qualifications , the fol lowing

sections will show how the available data from industrial and international

studies can be used to provide some empirical content for the model.

Do published studies show the potential range of cost savin~~~

Whilst some broad generalisations are possible , it will be seen that

in many ins tances , detailed economic studies of cost conditions in

weapons industries are consp icuously absent. In such circumstances,

1. Ibid.

L - .
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a major contribution of our survey will be the identification of

potential research areas. After all , a policy initiative such

as standardization requires some analytical and empirical support.

Evidence from related non—defence industries can be used to provide

“educated guesses” on cost savings. But , informed guesses are

P. not perfect substitutes for research studies directed at specific

defence industries. A major contribution of our survey will be

the identification of data deficiencies — i.e. the listing of

what is NOT known and what should be known to answer questions

about the likely magnitude of cost savings from standardization .

—

~
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Chap ter 2

Industrial Cost—Quantity Studies: The U.K. and W. Europe

P.

2.1 Introduction

This chapter reports on the available evidence on scale

economies in the U.K. and Western Europe , concentrating on cost—output

rela tionships and minimum efficient scale (mes). Studies of

international competitiveness are also presented as an indication of

the potential gains from possible free trade variants of standardization

polici es.

The chapter begins with a specification of the data required

for  our study, followed by a brief statement of the limitations of

the evidence. A detailed account is provided of scale economies in

the U.K., mainly because compared with other European nations , Britain

is especially well—documented. And , in the absence of European data ,

the U.K. will be taken as representative of Western Europe as a whole.

Af ter considering European evidence , the magnitude of the gains from

free trade will be assessed. Comparisons are made between Western

Europe and the U.S.A .
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2 .2  The Data Requ i rement s

Table 2.1 summarises our “ideal” data requirements for

a study of the cost savings of weapons standardization policies.

Ideall y,  data are required on actual output in relation to rues

P. for each category of weapon and the cos t impl ic ations of depar ting

from mes (Tables 2.2 and 2.3 are good examples of what is needed).

Predictably, published data are not available for each of the

items shown in Table 2.1. Nevertheless , we can obtain cost—quantity

information for  most of the broad groups — i.e. aerospace and

guided weap ons , elec tronics , shi pbui ldi ng, motor vehicles , engineering

and some of the “others ” (clothing , turbo—generators). In many

instances, our cost estimates can be criticised because of massive

aggregation. For examp le , cars and heavy commercial vehicles are

taken as typical of military vehicles as a group ; similar ly,

aerospace and guided weapons have to be combined and treated as one

broad group.

— -  —5-  -~~~~ -—- . - - 5 S -
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Table 2.1 Ideal Requirements

1. Aerospace

1.1 Combat aircraf t

1.2 Maritime , transport , training aircraf t

1.3 Nay/attack and other sub—systems

1.4 Engines

1.5 Helicopters

1.6 Hovercraf t

2. Shipbuilding/Marine Engineering

2.1 Warships

2.2 Patrol and small craft

2.3 Sensor and fire control systems

2.4 Propulsion units

2.5 Fleet support vessels

2.6

3. Vehicles

3.1 Tanks

3.2 Armoured Fighting Vehicles: (MICVs etc.)

3.3 ‘B ’ vehicles (trucks etc.)

3.4 Cars

3.5 Self—propelled Artillery

3.6

4. Guided Weapons

4.1 Air—la unched A/A , A/ S

~+ .2 Sea—l aunched S/A S/S

4 .3  Ground (and submarine) launched ‘ l a rge ’ mi s s i l e s

-..4 Ground—launched  ‘ sma l l ’  m i s s i l e s

~.5 Special targe t acquisition/designation systcin s — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -_ -- - - --
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5. Ordnance/Arms

5.1 Ar tillery weapons

5.2 Small arms and Mortars

5.3 Ammunition

5.4 Torpedoes , Mines etc.

5.5

6. Electronics n . e . s.

6.1 Signals , telecommunications

6 .2  Fire Control Systems

6.3 ADP Systems

6.4 Sensors n.e.s.

6.5

7. Engineer ing

7.1 Combat engineer equipment

7.2 Aircraf t ground support equipment

7.3

7.4

7.5

8. Other

8.1 Clo thing

8.2  Ba t t e r i e s

8.3  T u r b o— g e n e r a t o r s  

~~~-~~~. - -
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2.3 Limitations of the Evidence

The available evidence on scale economies , both nationally

and in terna tionall y, encounters some common problems. These are:

i. Data. Statistics are more reliable , mor e avail abl e and more

comparable between the UK and USA . European data are less

available and more deficient. For example, a 1970 international

stud y of chemicals on a sector basis in the UK, Wes t Germany and

the USA could onl y be undertaken for the USA and the UK — and

this was onl y possible for firms and not for p lan ts , using 1963

census data.’ There are also international differences in the

defini tion of an industry — e.g.  fo r  steel , the indus t ry

definitions for the U.K. are much wider than for the EEC.

Finall y ,  even within a country, census definitions change over

time and often include more than one market or industry.

i i .  Firms , especial ly in the  p r iva te  sector , are f r equen t l y m u l t i —

product units (rather than sing le product units) with varying

degrees of vertic al integration. Thus, concentration on a

f i rm ’s weapons a c t i v i t y  mi ght give a mis lead ing  impress ion of

sub—optimal output (i.e. less than mes). The enterprise might

hav e related civil production for home and export markets which

could mean that it is actually obtaining most of the worthwhile

1. D. Burn and B. Epstein , Realities of Free Trade: Two Industry
Studies, Allen and Unwin , London , 1972 , p.223.

2. A. Cockerill , The Steel Industry : International Comparisons of
Industrial Structure and Performance, Cambridge , Department of
Applied Econo mics , Occasional Paper 42 , 197 4, p.31.

-- - —- — —— —
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scale economies. It is also possible that firms which appear

to be of less than minimum efficient scale might still compete

ii they can purchase components from specialist suppliers’ wi th

long product ion runs able to obtain all the economies of sca le .

On this basis , there is a danger of over—estimating the cost

reductions from a greater output — the survival of a private

f i r m  sugges t s  that  i t  mi ght  be of the “ correct ” s ize .

iii. Firms in an industry do no t prod uce an homogeneous prod uct and

this causes further problems in estimating scale curves and

under taking international comparisons. For example , the UK

car industry consists of firms producing small to large cars in

the low to high price range (e.g. Minis and Rolls Royces).

iv. Measuring output and size of firm . Money measures of output

might reflec t monopoly power . Also , in terna t ional d i f f er ences

in the factor “mix ” are no t rev ealed when the size of f irm is m ea sure d

by employment.

v. Engineering estimates of minimum efficient scale do not normally

identify the minimum cost point: they normally locate a size

beyond which a further increase in output , say a doubli ng , will

lead to a relatively small fall in unit costs of under 5%.

vi. The bes t technique for any one nation depends partl y on i ts

rela tive factor prices. Assumptions about factor prices are

required for undertaking international comparisons. Moreover ,

1. In the UK car industry, un to 50% of a part or component consists
of a standard “base or core” to which is add ed the special
requirements of each customer.

— - - — -S- - . ---_- —-5~--- ---- - —-—- - — -—---- - - — V -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — -

31.

it has to be recognised that standardization poli ci~ s ni fht

change relative factor prices within NATO :

vii. International comparisons of scale curves are further comp licated

by differences in accounting conventions for valuing assets ,

differences in the age of capital and variations in the skills

of the labour force (human capital) .

viii. Price data can be a misleading indicator of international

competitiveness. Secret discounts can be offered , w h i l s t

the “ average” p r i ce  of a product  r e f l e c t s  an indus t ry ’ s mix of

domestic and export sales. Further complications arise because

of differences in the product “mix” between nations — e.g. if

the U.K. exports Rolls Royce cars , it will appear to be higher

price source of supp ly compared with a nation which exports

small, cheap vehicles.

2.4 UK Evidence on Scale Economies

Most of the available British evidence on scale economies —

covering about one—th i rd  of manufac tu r ing  indus t ry  — is summarised in

Tables 2.2 and 2.3. This evidence relates to technical economies of

scale defined broadly to include learning effects and the economies from

spreadi ng both initial and development costs over a greater output.

Once other sources of economies and dis—economies are considered (i.e.

firm economies) , it is most likely that the estimates of technical

economies in Tables 2.2 and 2.3 will under—estimate rather than over-

estimate the importance of scale economies. For example , a study of the UK

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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machine tool industry fou nd tha t large f i rms m igh t gain buy ing

economies of scale equiva len t  to 2~ % — 5% savings in unit costs.
1

Nevertheless , technical economies tend to be dominant .

P.

I

F

1. C. Pratten , Economies of Scale for Machine Tool Production , Jo urnal
of Industrial Economics, April 1971 , p.lh 4.
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Table 2 . 2  E s t i m a t e s  of Minimum E f f i c i e n t  P l a n t  Sca le ,  UK

Minimum e f f i c i e n t  plant MES as % of 13K output
I n d u s t r y  scale (MES)

Abso lu te  Ou tpu t , p . a .  (%)

P. I .  EN G INL ER IN G

1. Aircra f t BAC 1— li type a ir l iner : 100 + (R & D = 33% of net
> 50 a i r c r a f t  ou tpu t , 1968)

2.  Bicycles  160 ,000 un i t s  8

3. Domestic E l ec t r i ca l
Appl iances :

a) Range of 10
app l iances 500 ,000 uni ts  20

b) E lec t r i c  cooker s 300 ,000 units 30
c) E l e c t r i c

r ef r i gera tors 250,000 — 800,000 units 22 — 69
d) T.V. Tubes 750,000 — 1.5 million units 100

4. Electronic Capital
Goods:

a) Range of p roduc t s  Ou tpu t  of £200m (1969 prices) 100 (R & D = 17% of net
outpu t , 1968)

b) One product ( e .g .  1,000 units 100
radar)

c) E l e c t r o n i c  3—4 million units 100+
calculator s

d) Computers  1,000 u n i t s  or 10% of world 100
market

5 . Machi ne Tools 300 employees 100+ (R & 0 = 4~ of net o ut pu t ,
1968)

6. Motor Vehic les:  
-

a) Cars — I mi l l ion  uni t s  29 — 57 (R & 0 4~ of ne t
output , 1968)

b) Heavy commercial  20,000 — 30 ,00 u n i t s  5 — 7
vehicles

c) Tractors 90,000 units 76
d) C l u t c h  mechanisms 300 ,000 uni t s  12
e) Automobi le  I m i l l i o n  u n i t s  14

st o r a4 e  b at t ~�rie s
f) Rubber tvres 5,000 tyres per day 6
g) A n t i — f r i c t i o n  800 empl ov ~ es 2

bea r ings

-— ~~~~ ~~~~~~~~~~~~~~~~~ - - 5~~~~~~~~~~ a~~4._
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Minimum efficient plant MES as % of UK o u t p u t
Industry scale (MES)

Absolute Output , p.a. (%)

7. Motors :

a) Elec tric motors LiOm (1969 prices) 60
b b) Industrial diesel 100,000 units 56 (R & 0 = 6% of net ou tpu t ,

P. engines 
- 

l9r~’8
~
) Large marine 100,000 h.p. per annum 10

diesel eng ines

8. Turbo—Generators  4 p . a . ;  8 G. W . , p . a .  100 + (R & D = 5% of net
output , 1968)

9. Transformers 10,000 MA , p.a. n.a.

II PROCESS INDUSTRIES

I. Bread 12—30 sacks per hour — 1

2. Brewing 1 — 4~ mi l l i on  barre ls , p . a .  3 — 13

3. Bricks 25 million 0.5

4 . Cement 1.2 — 2 mill ion tons 7 — 11

5. Chemicals:

a) E t h y lene p lant  300 ,000 tons 34 ) (R & D = 5% of
b) Sul phuric  acid 1 mill ion tons 30 net output  in
c) Armuonium n i t r a t e  300 ,000 — 350 ,000 tons 27 — 3lJ 1968)

6. Syn the t i c  rubber 100 ,000 tons 25 (?)

7. Detergents 70 ,000 tons 20

8. Iron and Steel:

a) Steel 2 — 9 mi l l ion tons 8 — 37
b) Pig iron 2 — 3 million tons 13 — 20
c) Iron castings 50,000 tons (cylinder blocks) 1
d) Aluminium semi— 200 ,000 tons 36

manuf actures

9. Oi l  R e f i n i n g  10 m i l l i o n  tons 10 (R & 0 8~ of net  o u t p u t
1968) 

-—-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~----~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Minimum e f f i c i e n t  p lant  MES as % of UK o u t p u t
Indus t ry  - scale (NES)

- 

Absolu te  Output , p . a .  (%)

III TEXTILES & CLOTHING

• 1. Cot ton and synthet ic  37.5 mi l l ion  square yards 6
- P .  texti les

2. Syn the t i c  f i b r e s  80 ,000 tons (polymer)  18

3. Footwear 1, 200 pairs per day 0 .2

4. Wool t ex t i les  20% reduct ion in the number n . a .
of mi l ls

IV OTHE R INDUSTRIES

1. Books 100 ,000 (paperback) n .a .

2. Ci garet tes  36 bi l l ion 2. 1

3. Glass beer bot tles 
- 

133 ,000 tons n .a .

4. P las te rboard  
- 

18—20 mi l l ion  square metres  17 — 19

Sources: 1. C. P r a t t e n , Economics of Scale in M a n u f a c t u r i n g  Indus t ry,  Department
of App lied Economics , Cambrid ge , 1971.

2. Cmnd 7198 , A Review of Monopolies and Mergers Pol icy ,  HNSO , London ,
1978 , pp .87 — 88.

N o t e s :  1. The da ta  were collected between the m id— l9 60 ’ s and earl y 1970 ’ s —

most re fe r  to the second half of the 1960 ’s.

2. Data based on engineering e s t i m a t e s .

3. G. W .  = G i g a w at t s ;  MA = megavo l t— amperes

4 . n . a .  = da ta  not  ava i l ab le

5. UK o u t p u t  f i ~ u r c s  are based on 1973. 
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Table 2.3 The Slope of Scale Curves, UK

Percen tage increase in cos ts
per unit at 50% mes
compared wi th cos ts at mes

Type mes as
Industry Unit Costs (%) Value added of % of

per unit (%) Industry UK output
P.

I Unit  Cost Increases of
207. or more

1. Books (hardback) 36 50 0 n.a.
2. Bricks 25 30 P 0.5
3. Dyes 22 44 P 100
4. Newspaper >20 >40 0 30
5. Aircraf t (airliner of

BAC 1—li type) >20 >25 E 100+
Mean (1—5) (25)

II Unit Cost Increases of
1OZ—19%

I. Bread 15 30 P 1
2. Electric Motors 15 20 E 60
3. Iron Castings (cylinder

blocks) 10 15 P 1
Mean (1—3) (ia.)

III Unit Cost Increases of

1. Beer 9 55 P 3
2. Chemicals 9 30 P 27—31
3. Cement 9 17 P 10
4. Marine Diesel Engins 8 15 E 10
5. Electronic Cap ital

Goods (e.g. radar ;
computers) 8 13 E 100

6. Domestic Electrical
App liances 8 12 E 20

7. Motor Cars 6 10 E 29—57
8. Steel 5—10 12—17 P 8—37
9. Oil Refining 5 27 P 10
10. Syn the t i c  F ibres  5 23 0 18
11. Iron Foundry (smali

castings) S 10 P 0.2
12. Turbo—Generators S 10 E I 100+
13. Machine Tools 5 10 - E 100+

Mean (1— 13) (~7~)

-- -_ -- —--~ -.—--—— 
__i__—-
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___ __ i__.__ ._ _ 

~~~~~~~~~~~~~ ~~ -~~-~~ -~ -- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



37 .

Type mes as
Indus t ry  Uni t  Costs  (%) Value added of 7. of

P. 

per uni t  (%) Industry UK outpt’t

IV Unit Cost Increases of
Under 5%

1. Diesel  Engines  4 10 E 562. Detergents  2 .5  20 P 20
3. Footwear 2 5 T 0 .24. Sul phuric  Acid - 1 19 P 30
5. P l a s ti c  products  -

(range) small increase in Costs

Mean (1— 5)

ALL INDUSTRI ES: MEAN ( I—I V )  10.48
ME D IAN

(I—IV) 8.0

Source: C. Pratten , op. cit.

Note :  E = engineering ;
P = process ;
T = textile and c lo th ing
0 other  i n d us t r i e s
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Table 2 . 2  d i s t inguishes  four  groups of industr ies, namely ,

engineering , process , textile and clothing and “others”. Very

few of the industries are wholly in the defence sec tor , with the

exception of aircraft and electronics. In the circumstances ,

P. 
there are five alternative t l gujdelines Vl for assessing the potential

cost savings of standardization policies :

1. “All manufacturing industries” could be considered as typ ical

of the UK defence industries as a group . Table 2.3 shows

that by operating at minimum efficient scale (mes) compared

with 50% of mes, unit costs can be reduced by about

a figure which is consistent with other international studies

of scale curves.
2

ii. The engineering sector only cou ld be taken as typ ical of the

defence industries. Table 2.3 indicates that the unit cost

savings of doubling output to mes approach 8—9%. (mean = 9%;

median = 8%)

iii. The few industries shown in Table 2.3 which are directl y

involved in defence could be taken as typical of the def ence

industries. For aircraft and electronics , the unit cost

savings of doubling output to mes might average some 14%

(Table 2.3).

iv. The industries where mes is 100% or more of the UK market could

be typical of the defence sector. On this basis , the unit cost

1. Strictly at 50% of mes if unit costs are 110, then the cost saving s
of operating at mes are 10/100 x 100 9%.

2. F. Scherer , The Determinants of International Plant Sizes , Review of
Economic s and Statistics , 1973.

—- —~~~~~~ ~~~~~~~~ ~~ -- -- —— -- -p.~~~~~~ d~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~
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savings of doubling ou tpu t  to rnes are in the region of 8—12% .

(Table 2.3:  mean = 12% median 8%) .

v. The cost data  in Table 2.3 could be applied to the broad

defence industry groupings in Table 2.1. On th i s  basis , the

unit cost e f f e c t s  of operating at 50% of mes for  the i tems

P. in Table 2.1 are:

t%)

Aerospace and guided weapons >20
Shipbuilding 1 10
Vehicles (cars) 6
Ordnance and arms 10
Electronics 8
Engineering (average for group) 9
Others — turbo gener ators 5

— clothing : footwear 2
synthetic fibres 5

Mean 8.3

Media n 8

These estimates suggest that if defence industries are

operating at 50% of mes , there are potential cost savings of between

8% and 14% from operating at mes. From this evidence, a figure in

the region of 10% for the reduction in unit costs seems a reasonable

“rule of thumb” when output is doubled from 50% of mes. Three

qualifications are important. First , data are not published on the

output of defence industries in relation to their mes: if defence

firms are operating at less than 50% of mes, the potential reductions

in unit costs from operating at mes , are likely to be much greater

1. Shipbuilding is not shown in Table 2.3 , but the estimate is
based on an 80% learning curve converted to a 90% unit production
cost curve (for each doubling in output) . Ordnance and arms
data are not available , so we have assumed that the sector is
typical of the whole group shown in Table 2.3 (average).

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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(due to the steepness of the scale curve at l~~ outputs). Second ,

it has to be remembered that mes is not the minimum cost point.

A further doubling in scale for firms alread y at mes w i l l  reduce u n i t

cos ts by up to 5% (technical economies only). Third , an aver age

saving of 10% does not allow for the relative weighting s of different

P. 
defence expenditures. It is simply an average of percentage savings.

However , once the various percentage unit cost savings are applied to

each ca tegory of defence expendi ture , the r esul ts are changed

considerabl y. Table 2.4 gives a simple example. The effect of

assuming that both aircraft and clothing have the same cost savings

can be compared with a situation where they have different cost

savings, even though the average remains 10% (l5+5~ 2).

Table 2.4 Example

Expenditure 10% cost saving 15% cost saving 5% cost
saving

Aircraf t 100 10 15

Clo thing 10 1 — 0.5

To tal 110 11 
- 

15 0.5

Cos t Saving 10% 14%

The evidence permits some further generalisations about scale

economies and the characteristics of the industries where such economies

are l ikely to be presen t :

--- - £ - ~ -~~~~~~ - - .. ---~~ -~ - _ —~~~~~~~~- —--
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i. In engineering industries , substantial economies arise from

spreading the “ f ixed  cos ts” of develop ing a new product and

‘starting—up ”, from learning and from the introduction of more

ef f ic ient techniques (e.g. capital—intensive methods).

ii. For process industries , such as chemicals , there are economies

from the less than proportional increase in the external dimensions

of plant as scale rises: this reduces capital costs per unit

of capaci ty. En this context , there is some support for the

“0.6 rule” ( ± 0.2) as a rough working hypothesis — i.e. a 1%

increase in capacity will raise cap ital costs by 0.6%.
1

iii. Economies of scale for labour costs have been found to be much

greater than for total unit costs of production.
2 An

indication of this can be seen in Table 2.3, which shows data

on the percentage increase in value—added as well as unit costs ,

3
at 50% of mes.

iv. It has been hypothesised that manufacturers of small equipment

probabl y come closer to achieving maximum potential scale

economies (i.e. mes) than do manufacturers of large equipment .
4

1. J. Haldi and D. Whi tcomb , E conomies of Scale in Industr ial  Pla nt s ,
Journal  of Po l i t i ca l  Econot:v , 1967.

2. C. Pratten , op. cit., p.282.

3. Value—added (VA) is wages ~is profits. It can be estimated by
dividing the percentage increase in unit costs by the percentage
rise in value—added — i.e. VA = ~TC L~VA , as shown in Table 2.3.
The cost of materials and bought—out parts is usually 50% or more
of total costs: the value—added column in Table 2.3 shows the
effe cts of scale on labour and cap ital inputs only.

4. G. Haldi and D. Whitcomb , op. cit.

- ---- -
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v. The R & D intensive industries are most likely to be the

ones with the greatest opportunities of obtaining any

available economies from the spreading of R & D expenditures.

In 1968 , the UK sectors where R.& D as a percentage of net

output exceeded the national average were anrospace electronics ,

oil refining, diesel engines , chemicals , man—made fibres,

electric motors and genera tors , motor vehicles and machine tools

(Table 2.2). Significantly,  some of these were industries

where the mes was 100% or more of UK output.

vi. It is quite likely that the range of output over which scale

economies apply and the magnitude of such economies are

increasing over time — e.g. in cars, the UK mes for  f inal

assembly has risen from 100 ,000 units per year in the 1950’s

to some 250 ,000 units p.a. in the mid—197O’s. Since many of

the estimates in Tables 2.2 and 2.3 are based on 1960’s technology ,

they could understate the significance of scale economies in

the UK (and elsewhere).

2.5 UK Evid ence on Concentration and Scale Economies

Data on concentration can provide some indirect evidence

on scale economies. We have already repor ted tha t econom ies of scale

explain a large proportion of the variations in concentration in the UK.
1

Further evidence shows a positive relationshi p be tween a f i r m ’s market

share for a product and its unit cost advantage over smaller rivals.

1. M. Sawyer , 
~p. 

cit., 1971.

~
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The re la t ionsh ip is shown in Table ~ .5 , where  it can be st~en t ha t

compared wi th  their smaller r iva l s , f i r m s  w i t h  over 40T of t~~~~

market had a unit cost advantage of some l0~~. This ~s a further

indication of the possible cost savings of standardization policies ,

although the estimate is less than the figure obtained from studies

of mes.

Table 2.5 Market Shares and Unit Costs

Market share (%) Unit cost advantage relative to firm s with
less than 10% market share (%)

Und er 10% —

10 — 20 3.5

20 — 30 4.3

30 — 40 7 . 2

Over 40 9.8

Sour ce: Cmnd 7198 , A Review of Monopolies and Mergers Policy,
HNSO , London , 1978 , p .90 .

Elsewhere , a U . K .  s tud y of h i g h l y— c o n c e n t r a t e d  p roduc t s

found tha t  scale economies were l i s t ed  as a s u b s t a n t i a l  ba r r i e r  to

new entrants in about one—third of the sanip le.’ The relevant

i n d u s t r i e s  included ba l l  bear ings , cars , sh~-~ t steel , synthetic

rubber , whe eled trac tors , fla t and safety glass , together with

manufactured fuels and tinpiate. Technical knowled ge and R & D

1. G. Waishe , Recent Trends in Monopoly in Great Britain , C~n rid ge
U . P . ,  1976 , pp.  112— 113. The samp le was n = 32 p r o d u c t s .

—
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expendi tu re  also acted as s u b s t a n t i a l  en t ry  b ar r i e r s  fo r  craw 1~ r

t r a c t o r s , l ine appara tus , t e l egraph and te lephone  i n s t a l l a t i o n s  and

for  data  processing equipment .  In total , scale economies and

technical knowledge p lus R & D expenditures were listed as entry

barr iers  f or some 70% of the sample. In the absence of “bett er”

P. evidence , data on concentration can provide some broad indications

of the extent of scale economies in an industry. 1 Studies of

mergers are also relevant , esp ecially if standardization policies

involve the creation of larger (international?) firms. For the

UK , there is not much support for the hypothesis that take—overs

result in improved efficiency. One stud y of over 200 UK mergers

(1964—72) concluded that “In general , a mild decline in profitability

did typify these mergers — if market power was typicall y unchang ed

as a resul t of the merger , the profitability decline reflects

a fall in efficiency. And if , as seems p lausible , market power was

more of ten enhanced by merger , then the profitability de clin e is

likely to understate the loss in efficiency”.2 Ther e is also some

evidence that mergers encounter managerial diseconomies and t~-~at

bigger plants have worse strike records and enjoy a less favourable

- . . . 3
utilization ot their labour force due to absenteeism and sickness.

In o ther words , even where merger s lead to scale econom ies , the

advantages might be more than offset by less competition and other

1. See also the var ious  i n d u s t r y  repor ts  of the Monopol ies  and Mergers
Commission.

2. C. Meeks, Gains From Merger, Department of Applied Economics ,
Occas iona l  Paper  51 , Cambridge , 1977 , p . 2 5 .

3. Ibid , p.3 1.
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dis—economies , r~ sulting in higher prices and a mis—allocation of

r e s o u r c e s .  S t a n d a r d i z a t i o n  po l i c i e s  involving mtrgers canno t isnure

such evidence.

2.6 Scale Economies in Western Europe.

P.

The EEC has argued that  large European f i r m s  are requ i red

to o b t a i n  scale economies in p roduc t ion  and in R & D.  Much has

been made of the marked s ize  and p roduc t iv i t y  d i f f e r e n c e s  between the

la rges t  European f i r m s  and their  US r iva ls .  However , there  are few

publ i shed  Eng l ish  language s tudies  of the extent  of scale economies

and minimum e f f i c i e n t  scale (mes) by indiv idual  i ndus t r i e s  in each of

the European nat ions ) In the c i rcumstances,  and in the absence

of a l t e r n a t i v e  evidence,  the UK da ta  on scale curves and mes can be

taken as typical  of the whole of Wes te rn  Europe .  There is support

fo r  such a gene ral i s a t i on .  (see also chp . 3 , Steel I n d u s t r y ) . A

study of scale economies in Fr ance , W . Germany, Swed en , the UK , U SA

and Canada , concluded tha t  there  is ‘ . . .  l i t t l e  d ive rgence  among the

views of producers in the  six na t ions  w i t h  respec t  to basic  process

opt ima , nor did perceived l i m i t s  on the s ize  of p l a n t s  which could be

managed s u c c e s s f u l ly vary  much be tween n a t i o n s  fo r  a g iven produc t

mix .  Interviewees who had thought about the problem exh ib i t ed

r emark able unanimity  in t he i r  e s t i m a t e s  of the  mini mum cost p l an t  s ize  . . .
I. See e . g .  A. Jacqueman and H. de Jon g, European  I n d u s t r i a l  O rg a n i s a t i o n,

Macmil lan , London , 1975.

2. F. Scherer , et al ,  The Economics of M u l t i — P l a n t  Op e r a t i o n ,  Harvard
U . P . , 1975 , p .81 .  See a lso B. K l o t z , Scale Econom ies and L e a r n i n g
Curves ( t h i s  r e p o r t )

~ 
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Admi t ted l y ,  wide v a r i a t i o n s  exist in the  s ize  of p l a n t s  a c t u a l l y

• chosen , but these  are g e n e r a l l y  exp lained by i d e n t i f i a b l e  marke t

c h ar a ct er i st i c s .  Moreover , in the  weaving , g lass b o t t l e  and

bearing indus t r i es , there is evidence of managerial  d i s—economies  —

3 i .e .  beyond a cr i t ical  size ,managers can no longer cope and uni t costs

P. 
rise1 (with possible implicat ions for  some form s of s tandard iza t ion

po l ic ies ) .

Wh i ls t  es t imates  of mes appear s imi la r  fo r  g iven indus t  ies

in NATO , it is poss ib le  that countr ies  wi l l  be at d i f f e r e n t  points

on the scale curve , so d isplay ing varying oppor tun i t i e s  f o r  cost

reductions via larger outputs .  Som e ind ica t ion  of the extent  to

which the UK and European nations are actual ly exploit ing avai lable

scale economies can be obtained from the data on average f i rm and

p lant sizes and concentra t ion  r a t ios .  Larger  p lan t s  and b igger

f i rms  ind ica te  scale  economies w h i l s t  we have a l ready  suggested

that  such economies also explain higher concentration ratios.

Compared wi th  several European countr ies , B r i t a i n  has r e l a t i v e l y  more

large en te rp r i ses  ( i . e .  emp loying over 40 ,000) . In France and

Germany , g iant  en te rpr i ses  occur onl y about  ha l f  as f r e q u e n t l y  as in

B r i t a i n  or the  USA . Ty p i c a l l y ,  the  i ar ~~est f i r m s  are in i ndus t r i e s

such as cars , chemicals  and e l eu t r i c a l  equ inr ~~n t .  Table  2 . 6  shows

the  l a rges t  m a n u f a c t u r i n g  e n t e r p r i s e s  in each n a t i o n  :or 1972:  no te

t h a t  t he  la rges t  Amer ican  fi r . .  is twice the size cf rh~ l a r g e s t

E u r o p e a n  u n i t .

1. Ibid , p.84.

2. S. P r a i s , Giont Firm s in Britain, ~IESR, L~ ndon , 1q 76 , ~ .l 5 6 .
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Table 2 .6

Country  Name of Firm Produc t  
• 

Emp loyment (000 ’s)

Belgium Solvay Chem icals 45

France Renaul t  Cars 157

P. Germany Siemens Electr ical  equipment 301

I t a l y  Fiat  Cars 189

Nethe r l ands  P h i l i p s  E le c t r i c a l  equipment  371

S~~e0 n Er icsson  Telecommunicat ions  71

Switzer land Nes t l e  Food 116

UK General Electric Electrical equipment 211

USA General Motors  Cars 760

Source: S. Prais , op. cit., p.223f .

A recent stud y of ind ustry in EEC , r epor ted on the average

size of the four largest enterprises in 41 industries. It found that

UK firms are larger than German ones in 29 of the 41 industries , larger

than French ones in 37 indus t r ies  and larger than I ta l ian  ones in 40

indus t r i e s . ’ Although publ ished in 1975 , the stud y had to use 1963

data!  I t  was also found  t ha t , in general , the  level of concen t ra t ion

is very s imilar  in Germany , France and I t a l y ( 4— f i r m  concen t ra t ion

r a t i o s  of 20—24%) but  s u bs t a n t i a l ly higher  in the  UK ( 3 2 % ) . 2 F i n a l l y ,

1. K. George and T. Ward , The St r u c tur e  of I n d u s t r y  in EEC , D e p a r t r . rt
of Applied Economics , C ambrid ge , Occasional  Paper  43 , 1975 , p . 2 3 .

2. Ibid . p.17. A wide range of concent ra t ion  ra t io s might  be compat ib le
w i t h  cons tan t  costs and f i r m s  o p e r a t i n g  at mes .  I n t e r n a t i o n a l
compar isons  show t h a t  the ranking  of i n d u s t r i e s  by c o n c e n t r a t i o n
levels  tends to be s imi lar  — i . e .  h ig h concen t ra t ion  i n d u s t r i e s  in
one coun t ry  tend to be high c o n c e n t r a t i o n  i n d u s t r i e s  in a n o t h e r .
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average plant sizes are about the same in Germany as in the USA ,

slightly smaller in the UK and considerabl y smal ler  in Franc e ,

Sweden and Italy — some of the evidence is presented in Table 2.7.

Table 2.7 Plant Sizes

P.

Index of
~ation Median Plant Size

USA 100

W. Germany 97

UK 79

France 37

Sweden 16

Sour ce: Scherer , et al, op. cit. p.65.

Note: Data show ~ .~~rage sizes of largest 20 p lan ts in a se t
of industries for each nation ,with US = 100 for the
average size of the top 20 US plants in similar
industries.

On the basis  of the above evidence on concentration ratios ,

p lant and f i rm size , it seem s reasonable to regard the UK experience

with scale curves as f a i r l y typ ical of European nations. In other

words, the opportunities for exploiting scale economies are likely

to be similar between the UK and Europe as a whole. If anything ,

most European nations operate at a smaller scale than the UK , so that

in these countries greater cost savings are likely to be available

~ 
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from larger outputs. 1 So f ar , we have analysed the shape of scale

curves and movements along these curves. Our model also showed

that further gains could arisu if there are differences in the

relative positions of long—run average cost curves. Nations can

gain from specialisation and international trade on the basis of

comparative advantage. These gains are likely if stand ardization

P. . .
policies create a competitive market and free trade area in weapons

within NATO . This source of potential gains must now be considered .

1. Interestingly, for  1967 , some 50% of US industrial output was
es t ima ted to be in p lants of less than mes. The majority
of plants in most US industries are suboptimal in scale: a
crude indicator of the opportunities available , ev en in the USA ,
for obtaining further scale economies. L. Weiss , Optimal P1a:~t
Size and the Extent of Suboptimal Capacity , in R. Masson and P.
Qualls (eds.) , Essays on Industrial 0r~ anisation in Honor of
Joe S. 8am , Ballin ger , Mass., 19Th.
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2.7 Comparative Advantage and the Gains From Trade:

International Competitiveness

2.7 (i) Introduction

P. There is such a considerable theoretical and empirical

literature on this subject that it merits a separate study. Within

our terms of reference , we can only outline a broad methodol ogy and

review some of the more general evidence . The treatment must

necessari ly be superficial . Three questions arise. First , how

can a na t ion ’s competitiveness be measured? Second , what is the

general evidence on competitiveness , including international differences

in productivity? Third , what are the likely gains from a free trade

area in weapo ns?

2.7 (ii) Methodology : some measures of comparative advantage

Efforts to measure comparative advantage encounter a series

of difficulties.’ For international comparisons are we comparing

identical pr oducts? Consid er , for  examp le , the type of car s produced

(e.g. size and H.P.) in Europe and the USA , as well as the “mix ” of

car outpu t by size ranges and price , as well as the propor tion of

commercial vehicles in total output. Such problems cannot be avoided

in international studies of differences in labour productivity by

2 . . . .
indus try . Difficulties also arise when price data are used to measure

1. See also chapter 2, section 2.3

2. United Nations , Me thodolog ical Problems of International Comparison
of Levels of Labour Productivity in Industry , Conference of European
Statisticians , No.21 , New York , 1971.

~~~~~~~~~ ~~~~~ ,~~
-• -

~~~~~ ~~~~~~~ 
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internat ional  competi t iveness.  P r i ces  can be “ d i s t o r t e d ” (in

relation to costs) by tar i f f s  and f r eight charges , by any p r ice

discrimination between home and export markets and by the fact that

the prevailing exchange rate might not be in equilibrium . In view

of these problems of assessing comparative advantage , onl y larg e

differences in indicators of international competitiveness for a

P.

given product , together  with perslstent differences in trends

between competitor countries , should be used as rel iable (b ut not

precise) guides to comparative performance.

One fea ture of the excha nge ra te problem is of maj or

importance to weapons standardization policies. When making international

comparisons of expenditure on research and development (R & D), of f i c i a l

exchange rates are inappropriate — i.e. official exchange rates reflect

traded goods , but R & D is remote from trade. Thus, international

comparisons of national R & D expenditures require the construction of

special exchange rates for R & D. The results are dramatic. A stud y

of 16 nations found that , in all but two cases , official exchange rates

appear to be inaccurate proxies for R & D exchange rates.
1 The Bri tish

American R & D exchange rate was estimated to be El $4.76 at a time

when the official rate was £1 $2.8 (l963—64) From the UK viewpoint ,

the official rate understated the cost of American R & D or , f rom the

US point of view , overstated the cost of British R & D.
4 

Other studies

1. A. Macdonald , Exchange Rates for National Expenditur e on R & D,
Economic Journal, June 1973.

2. The UK will believe that a proj ect costing £100 for R & U will
cos t $280 in the USA when, in fact , the true cost is ~476. Simil arly,
the USA will expect R & D work costing $280 to cost £100 in the UK —

in reali ty the UK cost will be £59

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
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have shown similar results.
1 

For Bri tish and American military aircraft ,

the R & D exchange rate was estimated at £1 = $5.5  in the 1960 ’ s.

A comparison of Flu and TSR—2 using this R & D exchange rate concluded

that if the TSR—2 had been developed in the USA ,the “effort” would have

been similar to the UK effort but , at the official exchange rate (El =

P. $2.8), the actual cost would have been twice as great.
2 

There are two

imp lications for weapons standardization policies. First , when

official exchange rates are used for international comparisons of

R &  D , they are likely to distort and misrepresent the value of the 
-

real resources employed in R & D in the var ious countries. Second ,

for  weapons manufac ture , international specialisation based on

comparative advantage mig ht require that R & D and production work

be allocated to different nations. For example , the UK, or France

might have a comparative advantage in aircraft R & D (or parts of R & D),

and the USA a relative advantage in production (and in flight—testing) .

However , it is recognised that f or a given weapon such an international

division between development and production work is not costless (e.g.

costs of transferring technology from developer to producer nation) .

1. OECD , Gaps in Technology: Analytical Rep,~~~~ Par i s , 1~’7O , p.116.
This Repor t suggested that a $ spent on R & D generally in the UK woul
be equivalent to about $1.75 spent in the USA ; hence an R & D exchange
rate of El = $4.9 (official rate £1 = $2.8). A recent UK stud y stated
that for pharmaceuticals R & D, a $ spent in UK equalled S2.5 — S2. 75
spent in the USA , g iving an R & D exchang e rate of £1 = $4.75 — S5.25
in the mid l97O ’s (official rate £1 = 1.9): Chemicals EDC , Innovative
Activity in Pharmaceuticals, NEDO , London , 1973 , p.8. This sarr~e
study concluded that once allowance is made for cost differentials , th~
yield of pharmaceutical R & D man for man becomes comparable in the UK
and the USA (i.e. similar efficiency). Ibid p . 2 5 .

2. Royal Aeronautical Society Worki ng Party, Effectiv eness in R E D ,
London , 1969 , Part II, p .36.

~ 
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Once these is sues ar e rec ognised , how can we measure

comparative advantage? Various indicators are used to measure a

nations comparative advantage and hence its competitiveness. There

are at least five possibilities:

a) A nation ’s expor t per formance by product groups (levels ,

P. trends and relative shares). Here , a popular indicator is

whether a natioa ’s share in world manufacturing exports is

rising or falling .
1 

The economic “logic ” of such an index

is simp le. Nations with higher efficiency levels in a given

industry relative to industry in general , will  reg ister higher

expor t sales for that industry than their relativel y less

effici ent competitors — i.e. the theory of relative advantage

suggests a connection between industrial efficiency and trade

performance . In other words, the hypo thesis is tha t cos ts

de termine prices and prices determine international trade

advantage — and evidence suggests that consumer prices are

neg at ively correlated with export market shares.2 This export

indicator of competitiveness has been app lied to the Latin

American weapons market. In recent years , Eu ropean weap ons

suppliers have been increasing their sales to Latin America

at the expense of the USA — e.g. aircraft , m i s s i l e s , warships,

and tanks.
3

1. R. Cooper and K. Hartley, Export Performance and the Pressure
of Demand, Allen and Unwin , Londo n, 1970.

2. H. Glejser , Emp irical Evide nce on Comparative Cost Theory from the
EEC , European Economic Review, 3, 1972.

3. L. Ei naudi , et al , Arms Transfers to Latin America, Rand , R—1173 , 1973.

_ _ _ _ _ _ _ _ _ _ _ _



r -.

54.

b) The trend of imports into a nation ’s domestic markets.’

c) The level of tariff prot ection. High tariff rates indicate

a lack of competitiveness. For examp le , in the late 1950’s,

for  a sample of weapons , the average tariff rate for the

EEC varied between 5% and 15% ; for the UK the range was

P. 0—30%, whils t the USA imposed tariffs of up to 46%.

Simi la r l y ,  in the 1960’s , British military aircraft were

protected by a tariff rate of between 30% and 50%: the

decision to buy TSR—2 rather than Fill was equivalent to

imposing a notional tariff of 100% or more on the US aircraft.
2

Nominal tariff rates are a crude indicator of the gains from

free trade in weapons.

d) A balance of trade ind ex , of which there are a number of

variants, One measure for each commodity group is where

X exports and M = imports. The closer is the ratio to +1 ,

the greater is a country ’s competitive advantage.
3

e) Unit labour costs and international differences in productivity ,

which , taken together , will determine unit costs and competitiveness

(see chap ter 1, sec tion 1.6 and Figures 1.1 and 1.2). In 1970 ,

US hourl y labour costs were some 2.5 times the British level

whilst labour productivity was about twice that in the UK.~

1. J. Hughes and A. Thiriwali , Trends and Cycles in Import Penetration
in the UK , Oxford Bulletin , Nov . 1977.

2. Cmnd 2853 , Report of Committee of Inquiry into the Aircraft Industry ,
(Plowden) , IINSO , London 1975 , chp.17.

3. S. Aranovitch and ‘1. Sawyer , Big Business, op. cit., p.249.

4. C. Pratten , Labour Produttivity Differentials Within International
Co~panies, Department of App lied Economics , Cambr id ge , Occas i onal
Paper 50, 19Th , p.79.
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Of course , aggregate data conceal a nation ’s competitiveness by

product group. Table 2.8 shows an example in one of the few

instances where published data are available for both costs and

productivity in a given industry. It indicates the type of

data which would be required to assess international competitiveness

in weapons markets.

Table 2.8 1970 Data

Total hourly labour Productivity: gross
costs . UK = 100 value—added per pe rson

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
UK = 100

Eng ineering Chemicals Chemicals

W. Germany 141 151 147

France 105 122 164

EEC 131 138 1511

USA 264 263 n.a.

Sources: C. Ray , Labour Costs and International Competitiveness ,
NIESR Economic Review, Aug. 1972; D. Jones , Output ,
Emp loyment , and Labour Productivity in Europe , NIESR
Economic Review, Jan. 1976.

Note: 1. EEC — Five only.

2.7 (iii) A Survey of Evidence

Evidence from various international studies of comparative

advantage , productivity and the EEC provide some insights into the

possible effects and benefits of a NATO free trade area in weapons.

Some of the evidence can be summarised:—

—.--- . —-— . . - . . . —-—- - -~-~--—-- -- - - — - — - — .- --—---...--—-—. --- -- — - — - - - -— -  —.---, — - -,.--.— - --- 
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a) The USA has a strong and increasing compara t ive  advantage  in

r e sea rch - in t ens ive  produc ts  ( e . g .  a i r c r a f t , s a t e l l i t e  conm1unication ~~)

titanium , office machinery, chem icals ,computers). Aircraft

continues to occupy f i r s t p lace on the American comparative

advantage scale.
1 

By contrast , research—in tensive industries

do not rank among the first ten on the comparative advantage

scale of the other major industrial nations . Instead , the

‘revealed ’ comparative advantage of the EEC mirrors the US

disadvantage in non—durable consumer goods — e.g. clothing and

textiles. Also , the USA is at a relative disadvantage in

shipbuilding (which is labour intensive).2 However , these are

no more than br oad generalisations and do not imply that Europe

has no comparative advantage in any areas of high—technology .

A recent US study of relative price advantages within NATO

concluded that ‘There does no t appe ar to be any distinc t pattern

with respec t to the “high technology—low technology
’ dis tinction.

3

— e.g. Europeans are price competitive in some relativel y high

1. B. Balassa , Revealed Compara t ive Advan tage Revisi ted , 1953—71 ,
Manchester School, Dec. 1977; also , OECD ~~ps in Technology:
Electronic Computers , Paris , 1969: the large trade surp lus of
the USA in da ta processing equipment illustrate the advantages
of technological leadership (p.51) .

2. B. Balassa , op. cit., The OECD study of Gaps in Techno1c~~v, General
Repor t , Paris 1968 suggested that US firms have exp loited commercially
the results of European inventions and fundamental research (p.l7).

3. C. Wolf , Trade Liberaliza tion as a Path to Weapons Standardization
in NATO , In terna tional Secu~~~y, Win ter 1978 , p.143 .

- ,-— ~~~~~~~~~~~~~~~~ -- -— — .  ~~ .—. -- - -- -—~ —-. -.s - —- —-S- -
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technology fields (Harrier VTOL aircraft and Roland II missile).

Nor sh ou ld too mu ch emphasi s be p laced on past performance.

The whole point about technical progress is that it does not

follow precedents: it creates them:

b) International trade advantage — at least for EEC naticns —
P.

appears to be posi tively related to relative plant size (i.e.

plant level economies of scale seem more important than firm

level economies).
1 However , rel ative p lant size is only a

crude indicator of international differences in productivity.

For examp le , in 1968 , medi an plant size in British manufacturing

(480 persons) was larger than in the USA (420 persons) ; but

output per head was so much greater in the US, that the median

American p lant’s net output was just over double that of the

medi an British plant.
2 

Indeed , the evid ence gener al ly shows

that US productivity is higher than in the UK , Fran ce , Germany

and Sweden.
3 In the case of France , it has been estimated that

over 19 manufacturing indus tries , the average US—French labour

productivity ratio was 2.06, with the American “advantace ” in

the capital intensive industries (e.g. cars , ch emi cals , machinerv) .~

1. N. Owen, Scale Economies in EEC , European Ecc~nomic Review , 7,
1976 , p.152—153.

2. S. Prais , op. cit. , p.144—l62. In making the US—UK comparisons ,
Prais uses a purchasing power parity exchange rate of El = $3.1
in 1968 (official rate was El = $2.4, p.2 -!~). With international
d i f f e r e n ces in wages, hi gh labour cost nations , such as the USA ,
are l ikel y to operate larger p lants t be cost competitive (i.e.
to reduce man hours) . For turbine generaters , mes in W . Europe
is 8,000 — 10,000 MW , compared with 15 ,000 MW in the USA , D. Burn
and B. Epstein , Realities of Free Trade: Two Industry Studies,
op.cit ., p.74.

3. F. Scherer , et al, Economics of Multi—P lant Operati c~ns, 02. cit., p. 73.
A study of 8 industries gave the fo1lowin~ pr odu ct ivi~ v indices (US = 100.
output per worker): 151< = 47; France ~~ ; W . Germany = 58; Sweden = 75.

4. K. Chandras eker , US and French Productivity in 19 man~ faeturing lnd~ stries.
Journal of Industrial Economics, A pr il 1973.

- — . 
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Differences in r at e s  o f out;o.t in~ th of ~r o du ~ en r~~ s

i r e  a r n a i - r exp l a n a t i o n  (bu t not  th~ only On e )  01 t h e

a r o d u c t i v i t y  d i f f e r e n t i a l s  b e t w e e n  t h e  USA aci Et ~r - ~ . inc

the  IJK J

c) St u d i e s  suageat that the benefits of West LuCopean CUSte.~~S a n i O n s

arc not great — the gains are estimated to be qe i t c  small , as
P.

little as U. ot Community CNP . The r ea sons  f c r  such  s~~al1

benefits ” are significant for weapons standardi zation policies.

First , onl y a sma l l  part of total output enters internati enal

trade. Second , examp les of really costl y protecti on are rare .

In other words , most of the gains from international trace b~~SeJ

on comparativ e advantage are alread y being obtained , since no

n a t i o n  can a f f o r d  NOT to reap  them . App l i ed  to weapons staii J~~rcicati on

p o l i c i e s , such conclus ions  impl y tha t  the  l i ke l y g a i n s  frein a f r e e

t r a d e  area in weapons m i g h t  be q u i t e  smal l  ( i . e .  most  of t h e  g a i n s

are a l r e a d y  being r e a p e d ) :  h owever the  ad v o c a t e s  of s t a n d a r d i c a t i o n

p o l i c i e s  mi ght  c l a im  tha t  weapons  a re  one of t h e  fe .c  i n s t an c e s  Of

r e a l l y co s t l y  p r o t e c t i o n , in which  case t h e r a  a r e  li~ e 1y  to be

s i zn i f i c a n t  b e n e f it s .  In t h i s  contex t , one s t udy  of d r i t a i n ’ s

e n t r y  i n t o  the  EEC sugges ted  t h a t  the  g a i n s  t rom fiec t r a d e  m i g h t

be equal  to t he  a d d i t i o n a l  b en e f i t s  of i n c r ea s e d  s c a le  e c o n o m i e s

i.e. t h e to ta l ga in s  could  be t w i c e  the  g a in s  f r o ~, sc..~ie  t e ~.ne:a i e s
3

on lv .

1. C.  P r a t t e n , oil. cit. , 197h , p . 2 8 ;  H a l d i  ano 1 hi t c o m h , 
~~~~

D. Swann , The E c o n o m i c s  of t h e  Common M a r k e t ,  P ea~ u i n , 1~~7O , p.

. 11 h ans on , i n  .1 . P i n - h r  ~d .~~ . [ccnon Cs ~ f L 
• 

.,~~

I . W i l l i a m s o n  a s sum e s  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.ipp lv , ~ i ev  a re  t v p i c a l l ’ . c i ” O~~~~ 2 o t  - p . 3 S )  - n i . n - c r -

e P . K . e f f e c t i v e  r a r i f ~ wj ~ ~~ ‘ -  . Wi lliatnso n C I L ’.n .ht

h~~~t f i t s  f rom e n t r y  w a l l  ‘e ~ . ‘ ac 1 r .~m S c i l e  ‘fl -i
r e~- t r a d e-  and i n v e s t m e n t  ‘ l ’ . ” o n N ’ ’ - i t .  s .al ~ n :r ~~• r ~de eae~ con trihut in~ ‘n - ‘.~~~ 

- p . -~~~~ ) - Th-a~U rc i~~ . n
nc e s t ~~ma~ ed : ~ x 1.a r i f~ cu :  :~ i n c r e a s e  in i m p o r t s .
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d) Industrial studies of the effects of free trade frequentl y

show a diversity of experience even within one product group.

For examp le , wi th chemic als , a free trade area between the USA

and the 15K would result in each nation having a comparative

advantage in differen t sectors of the chemicals industry.

P. 
Simil arl y,  a study of the EEC concluded that ‘ . . .  the position

of Bri tain ’s manufacturing industries relative to the EEC ’s

is not a matter of right-across—the—board strength of some

sectors accompanied by marked weakness of others , but rather of

each sector having its more promising and its relativel y

vulnerable parts. ,
2

2.7 (iii) Conclusions : The implications of a free trade area in
weapons?

~\ number of p ieces of evidence suggest  tha t  there  are

poten t ia l  and subs tan t ia l  gains  from f r e e  t rade  in weapons.  F i r s t ,

there are d i f f e r e n c e s  in re la t ive  pr ices .  For ex amp le , some B r i t i s h

weapons are not price compet i t ive  wi th  US equipment  ( e . g .  f o r k  l i f t

trucks) ; whilst for turbo—generators in North America , UK p r ices

have been lO%—2O% below the prices quoted by US supp liers.
3 

Second

the  evidence on t a r i f f s .  Nominal  t a r i f f s  are mis l ead ing  i n d i c a t o r s

of p r o t e c t i o n .  In 1971 e f f e c t i v e  ra tes  of p r o t e c t i o n  were h i g h e r

1. D. Burn and B. Epstein , 
~p. 

ci t. p .252.

2. S. Han and H. Liesner , Bri tain and the Common Market, Depar tment
of A pp lied Econ om ics , C ambrid ge , Occasi ona l Paper 27 , 1971 , p.99

3. CPRS , Future of UK Power Plant Manufacturing Ind ustry, F~1SO , London ,
1976 , p .S6.

IIIiL — . —— - - _ _ _  - - _ _ _ _
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than nominal  r a t e s  by a f a c t o r  of abou t 33~ for the UK and some 6O~

fo r  the EEC. ’ For the  UK 1 some of t h e  h ighes t  e f f e c t i v e  r a t e s  of

4 
protection app li ed to the engineering sector (e.g. 38.5% for electrical

machinery). European countries also seem to protect their R & D

intensive i n d u s t r i e s .  Third , d e f e n c e  i n d u s t r i e s  are l i k e l y  to be

P. 
heavily protected , especi all y when it is remembered that domestic

governments use preferential purchasing policies (see example of TSR— 2

and Flll) . It the circumstances, we would guess that a free trade area

in we apo ns is likel y to produce additional cost savings of some lO~ across

the beard — and this is likely to be a lower bound estimate. The figure

is based on the following :

a) A nominal tariff rate of some 10% is taken as typical for NATO

nations (full forward shifting is assumed).

b) The gains from free trade might be similar to the savings from

scale economies — and a f igur e of 10% was p laus ib le  f or scale

effects.

c) We can be f airly confident about this estimate. Once effective

ra tes and governmen t pr efe ren tial purchasing are allowed for ,

the savings could be as high as 20—30%, at least for some weapons.

1. N IESR , The Common Marke t , Economic Review, Aug . ~97l , p .41.

2. N. Constantopoulos , Labour Protection in Western Europe . Eurcr~ an
Economic Review, 5, 197 4.

I
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Chapter 3 Industrv Ca~ e Studies n:td Intern ati onal

Competition

3.1 In t roduct ion

P. This chapter surveys the evidence on a limited number of

indus t ry  s tudies , namely, motor vehicles , stee l and aer ospace , tak i n j

the UK as a starting point . Motor vehicles and steel are presented

as “models” for studies which we have argued are required for weapons

industries. Both are well—documented , with detailed cost—quantity

information and international comparisons. For vehicles , there are

data on the minimum efficient scale for engines and final assembly,

as well as evidence on the potential gains from freer trade and the

associated resource effects. Whilst the studies are based on

vehicles industries in aggregate , they can be used to provide some

insights into the economics of military vehicle manufacture . The

steel industry is included because it is one of the few sectors where

there are satisfactory data on both the shape of scale curves and their

relative positions between nations . For this industry , we can app ly

the model developed in chapter 1 and presented in Figures 1.1 and

1.2. A s a result , estimates are made of the cost savines of achieving

scale economies in each nation as well as any further gains from

free trade. Finally, aerospace is included as an example of a defence

industry for which cost—quantity data are available.

~ 

- _ _

_

- .: • .t~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~ -



—---•-— - - ..-,•.  

~~~~~~~~-- -- ---- - -

62.

3.2 (i) The UK Motor I n d u s t r y :  Cars  and Commerc ia l  Veh i c l e s

For UK car manufacture , minimum efficient plan t size

(identical units per p la nt per an num) f or various opera tions is: 1

i) Cas t ing of eng ine block — 100 ,000 units p.a.
P.

ii) Engine and transmission machining and assembly — 500,000

units p.a. Typ icall y ,  these components represent some

20% of the unit factory cost of a mass—produced car .

iii) Pressing — 1 million units p.a. A car body might represent

40% of the unit factory cost of a volum e car .

iv) Final assemb ly — 250 ,000 units p.a., with assembly forming

5% of unit factory cost.

The f i gures suggest that car firms can gain from standardizing

on one basic engine and one body ,  so obtaining economies of machining

and pressing. Of course , in private , competitive markets , no firm can

afford to use the same engine as its rivals; but such problem s are

likely to be absent in the military sector with its emphasis on

standardiz ation and inter—operability . In addition , weapons standardizatio~.

in vehicles might reduce dup licate development which could lead to

substantial cost savings. For examp le , a new model of car , includinc~

new major components , migh t cost abou t 175rn (1972 pric es), altho ugh a

more typ ical figure for initial cost is El2m - 25m (1972 prices).
2

1. CPRS , Future of the British Car Industry, FCI SO , Londo n 1975 ;
C. ~iax cv and A. Silberston , The Motor Industry, Allen & Unwin , London , ~~~~

2. D. Rhys , Economies of Scale in the Motor Industry , Bu l le tin of
Economic Research, Nov . 1972; also , C. Prat ten , op. cit., 1971.
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P 
Recent UK evidence suggests that individual firms with an

average annual production below 750,000 vehicles will find it

d i f f i c ul t , if not impossible , to compete in volume car markets.
1

On this basis , British Leyland and Ford have sufficient volume to

achieve most of the worthwhile scale economies. However , it

- 

P. 
seems that both plant and firm level economies continue up to at

least 1.2 million units p.a. , with US evidence suggesting further

economies at output levels greater than 2 million units per annum .
2

Table 3.1 summarises the relationship between unit costs and scale

for cars.

Table 3.1 Unit Costs for Cars

Change in Output Proportionate change in unit costs

From 50,000 to 100,000 units , p.a. Cost savings of 15% — 2O~

From 125 ,000 to 175,000 units , p.a. Cost savings of 5% — 6%

From 300 ,000 to 1,200,000 units , p.a. Cost savings of 17%

Source D. Rhys , op. cit., 1972

Wi th heavy commercial vehicles , annual outputs of 30,000 —

50,000 units reduce unit costs by 25% compared with a production run

of 1,000 — 3 ,000 units per year. However , in the UK heavy commerci al

vehicles market , small firms survive because they specialise in meeting ,

1. CPRS , op. cit., 1975 , p.23.

2. D. Rh ys , op. cit., 1972. The relationship is log Y = log 2.4 —

0.259 log X , wh ere Y = pr ice  per lb and X = annual o u t p u t ;  R = 0 . 9 .
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and responding to , specific customer requirements — i.e. the small

specialist firms make a distinctive product which is not easil y

dup lic ated by the mass production firms.
1

A study of the UK car industry also indicates the potential

gains from free trade in vehicles and the associated implications for

P. the structure of the British industry. Between 1963 and 1975 , the

UK car industry had declined from being the second largest producer

to the fifth largest (outside N. America) , having been overtaken by

France , Italy and Japan. For example, in the early 1970’s, British—

Leyland produced under 1 million units per year , compared with 1.26

million for Peugeot—Citroen , 1.5 million for Fiat and over 2 million

for Volkswagen. Imports have risen from 5% of the domestic British

market in 1965 to some 35% in 1975. Tariff reductions are part of

the exp lanation. Since 1968, UK import duties on cars and commercial

vehicles hav e been red uced f rom 22% on all cars to 11% on Japa nese

cars and 4.4% on EEC vehicles. Compared with West European firms ,

British manufacturers are at a cost disadvantage of about £130 on a

typical car priced at £1 ,150 (1975 prices) — i.e. approx imately 10%,

which is a crude indicator of the gains from freer trade (cf tariffs

on cars).
2 Although Bri tish ~.our1 y labour cos ts are lower than on

the Continent , UK productivity is also lower — e.g. for the assembly

of the same or comp arable models , the lower labour costs are not

sufficient to offset the lower productivity, the result being that

labour costs per unit assembled in Britain are higher .
3 Howev er , as

1. D. Rhys , Heavy Commercial Vehicles , Journal of Industrial Economics,
Jul y 1972.

2. CPRS, op. cit., 1975 , p . 9 3 .

3. Ibid , p .89 .  For car assembly , labour  costs  per u n i t  on the  C o n t i n e n t
are typ ica l l y some 75% of B r i t i s h  labour costs  per u n i t .
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a further insight into the implications of free trade, it seems

that the UK car components industry is competitive in price and

quality with Continental suppliers. In other words , within Europe ,

the UK might be competitive in certain sectors of the car industry.

An official report on the British car industry suggested

P. rationalizati on.
1 

For example, reducing the number of major models

by about 50% was expected to r educe  t o t a l  cap i t a l  expendi tu re

requirements by some £85 m i l l i on  per year and red uce uni t costs by

about 3—4% (at current volumes). However , rationalization is

expected to lead to the closure of at least 2 British car assembly

p lants (equal to 400,000 units): evidence of the adjustment

effects on capital and labour resources. Similar conclusions about

productivity app ly when comparisons are made with the US car industry.

There is a major difference in scale. In 1968, the American industry ’s

total output was five times that of the UK and the average output

of each model made by the 3 leading companies was 400,000 in the USA

and 100,000 in Britain.2 Not surprising ly, the productivity of US

car workers is over twice that of his British counterpart and , whilst

labour costs tend to be lower in Europe , it seems that US cost levels

are still significant ly below European levels.
3

3.2 ( i i )  Conclusions: The imp li cations for military vehicl~~

The available evidence is for  civil cars and heavy commerc ia l

1. Ibid , p.123f.

L 

2. C. Pratten , op. cit., (1971), p.327.

3. D. Rhys , Economies of Scale in the Motor Industry , op . cit. , 1972 ,
pp .94—95.
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3.3 (i) The Steel Industry: Some International Comparisons
1

The steel industry is included in our survey because it is

well—documented and is one of the few industries for which there are

satisfactory data on both the shape and relative position of long run

average cost curves both within and between nations (see chapter 1 ,
P.

Figures 1.1 and 1.2).

For UK steel—making , minimum efficient scale (mes)is some

2 mi l l ion tons annua l ly ,  but for f u ll y—integrated p lants , economies

continue up to 10 million tons per annum . Firm level economies

result in unit costs continuing to fall up to an annual output of 16

million tons , although the rate of decline of unit costs is probably

small. Table 3.2 shows the total unit production costs in

integrated plants producing hot—rolled strip.
2 

Al though the data

refer to the UK they are consistent with estimates which have been

made for steel manufacture in the EEC.
3

1. This section is based on A. Cockerill , The Steel Industry, Department
of App lied Economics Occasional Paper 42, Cambr id ge U P., 197— ..

2. Some of the estimates of costs below mes are higher than in Table
2.3.

3. Cockerill op. cit. , p.88.
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Table 3.2

Scal e of plant (million Total unit costs (Index
tons of crude steel , p.a.) 10.0 million tons 100)

- 
0.1 593

P.
0.5 197

1.0 155

2.0 136

4.0 119

8.0 105

9.0 102

10.0 100

Source: A. Cockerill , The Steel Industr~y, op. cit. ,
1974 , p.84.

The table indicates an mes for h o t— r o l l e d  strip of 8 million

tons annually (i.e. where a further doubling of output will reduce

uni t cos ts by 5~). Costs rise sharply at relativel y low output

levels , and at one—quarter of mes, unit costs increase by 30%.

In teres tingl y,  a doubling in output , from 0.5 to 1 million tons

reduces unit production costs by about 20% and further doublings

reduce average costs by abou t 12%-i .e. equivalent to an 87—SS%

unit production cost curve for every doubling in output (c.f. learning

curves) .

Are there international variations in the slope and posi t ion

of the scale curve? The above estimates are based on UK cost structures

-- ~~ —----- -- ~~ - - - - --— -
~~~~~~~

-
~~~~~~~~ ~~~~

—- ——~~ 
- - -



- - - —-- —-
~~~~~
--—- ——-- — -

~~~~
--•- - —

~~
- -

~~
-- - -  -- - .

~~~~~~~~~~~~~~~~~~~~~~~~~
-—

69.

and factor prices. Once allowances are made for international cost

variatio ns it seems that the greatest difference in the SLOPE of the

scale curve arises for Italy (i.e. from a sample consisting of the UK ,

USA , Canada , Ben elux , W. Germany, France and Japan). Even so , at

scales greater than 5 million tons annually, “th e difference in the

slopes of the scale curves for each country caused by factor price

variations is not significant ... “~~ Table 3.3 shows differences

between countries in the POSITION of the scale curve. Italy is

the lowest cost nation. Assuming that all capacity is in p lants of

mes (8 million tons) , differences in factor prices do not affect

substantially (i.e. within 5%) the relative campetitiveness of

most major nations. Britain and America (and Canada) are the

exceptions: for these nations ,even at outputs greater than 10 million

tons , uni t costs are always substantiall y more than 5% above those

at mes in Italy.
4 

Differences in capital costs might affect these

generalisations , but even so, it has been concluded that “ . . .  in

general~ factor cost variations do not influence the minimum efficient

scale of output.”

1. Cockerill , op. cit., p.90.

2. Ibid p.92. 
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Table 3.3 Position of Scale Curves

Annual Capacity of 8 million tons (= mes)
Nation Uni t Cost ($) Index (I tal y = 100)

France 66.2 103

W. Germany 67.0 105

Italy 64.1 100

UK 80.5 126

USA 80.5 126

Source: Co cker i l l , op. c i t .,  p.91.

The above analysis assumed plants of mes. To what extent

do such plants actually exist in each country? An international

efficiency ratio can be constructed based on the proportion of total

capacity in large scale plants. On this basis , the USA , Canada ,

Netherlands and Japan were highl y efficient in the late 1960’s;

Ital y and W. Germany were moderately efficient and the UK , France and

Belgium—Luxembourg were inefficient. T~iese rating provide a crude

indicator of comparative advantage in the world steel market. Indeed ,

a nation ’s share of world steel exports can be “exp lained” by its
1

proportion of capacity in efficient p lants. However , f or each

nation to reach the mes for steel making would require considerable

rationalization. Table 3.4 shows the actual number of plant s and

firms in existence in 1968 in relation to the number which could be

1. The propor tion of efficient plants “exp lai ns” some SOT’ of the
variations in export share. Cockerill , p.lOb .

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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suppor ted  if each were of mes — e .g .  W. Germany could only support

some 4 plants and 3 firms, requiring the closure of 32 p lants and

22 firms!

Table 3.4 Stee l—making , 1968

Plants Firmsat ion

Actual Theoretical Actual Theoretical

France 48 2.3 26 1.5

W. Germany 36 4.4 25 2.9

Italy 32 2.2 26 1.4

UK 70 2.9 27 1.9

USA 142 17.2 91 11.5

Source: Cockerill , oD. c i t . ,  p. 110 .

3.3 (ii) Conclusions. Steel and the imp lica t ions fo r weap ons
standardization

The cost data on steel can be used to provide some intelligent

guesses about the likely cost savings of any policy which allowed all

major nations to operate at rnes. Table 3.5 shows the range of savings

available to each country , with a typ ical figure of almost 500t .

I
_ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  —- -~~~ 
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Table 3.5 Estim ates of Cost Savings for Stee1—n ak~~~

Average output Percentage Unit cost savings
Na tion per p lant , 1968 of mes (

~) f rom o p e r a t i n g  at
(000 tons)  mes ( % )

Franc e 376 5 61

P. W. Germany 971 12 32

I tal y 541 7 47

UK 330 4 65

USA 968 12 32

Notes: 1. mes is assumed to be 8 million tons , p.a.

2. Unit cost savings estimated from Table 3.2 — the
savings are in rela:ion to current cost figures
for  each count ry .

Additional to the savings estimated in Table 3.5 , with

all f i r m s  a t rues , there might be further gains from free trade in

steel. Table 3.3 showed that the IlK and the USA m i g h t  o b t a i n

.urther cost savings approaching 20%, al though this is likel y to be

an upper bound estimate , since there are offsetting transport costs

for  a bu lky product like steel.
1 

A s Table 3.3 shows , the remaining

na tions are unlikely to obtain substantial gains from f r e e trade in

steel. Thus, for defence industries which are similar to steel,

the evidence suggests that wea’nons standardization policies which lead

to operation at mes will resu ir in unit cost savings of some 50%.

1. At an outp t of 10 mi l l i on  tons , both UK and USA hav e a cos t
index of 120 compared with Italy = 100. 
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If , in add i t ion , s tan u a r c i z a t i o n  leads to a f r e e  t rade  so lu t i on ,

there might be further ga ins  of under  201 ava i l ab le  to some na t ions ,

such as the UK and USA. These estimates are amongst the highest

in our study. Admittedl y, they are based on the steel industry

but , if weapons s t a n d a r d i z a t i o n  po l i c i e s  were to achieve s imilar

- P. saving s, the y would be truly “benefi cial”~ 
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3 .4  Aerospace:  Cost Q u a n t i ty  Re1~~t ionsh 1p s  and Int~~rnati~-na1
Compar isons

3.4(i) Introduction

Aerospace  is one of the few defence sectors s-hero t he re  are

P. adequate co s t— q u a n t i t y  d a t a .  This  s e c t i o n  si l l  r e v i e w  some of tr ’e

cost evidence , especiall y for the IlK and hesttirn Europe ; undertake

some international comparisons , particularly wiL--- th e USA ; and consider

the cost imp lica tions of alternative stuund ardiz~ t ion policies , including

joint projects and co—production.

3 .4 ( u ) The evid ence on cost—quantit y relations

Airc ra f t ar e “cl assic ” c a n d i d a t e s  fon  s t a n d a r d i z a t i o n  p o l i c i e s :

-: high unit values and relatively short production runs , parti cularly in-

- 

- 

Europe. As a result , high R & D costs have to be spread over small

-
~~~ outputs and there are fewer opportunities for production learning

economies (see chapter  1, section 1.4) . Some examples  of IlK and European

R & D costs  are:

a) Tornado £845m (1976 pr i ces)

b) RB 211 £200+m (original e s t i m a t e , 1970 p r i c e s ) 1

c) Complex Avionics £30m—f lOOm .

Note: the US “eq u ivalen ts” have to be costed using
an R & D exchang e r ate - e . g .  L i  = S 5 . 5 .

1. Department of Trade and Industry . Rolls Royce Ltd., HT-~SO. London , 1973.
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In product~~~n ~ork , labour learning curves of 801 are -

in L - ~~~~ aircraft indus try, at least up to some 100 u n i t s .  Thi

be converted into unit p r o du c t i o n  cost  curves wi th  a s imple  form~

the reduc t ion  in un i t  p r o d u c t i o n  cos ts  is likely to be about one-

the reduction in direct labour costs alone .~ Thus, an 80% labou

lea rning curve r e s u l t s  in a 90% un i t  p roduc t ion  cost curve — i.e.

p r o d u c t i o n  cos ts  dec l ine  by about 10% for  each doubl ing  in cumula

output. Typ i ca l ly , US labour learning curves have steeper slope

imp ly ing sligh t l y greater savings on average costs , as shown in T

3.6.

Table 3 .6  US Cost Curves

P roduc t Labour Leatnir~g Cu rves(%) Unit  Product i

A i r c r a f t  75 67.

~-tissj1es 87 93.1

Je t  Engines  90 95.~

Sou rce: J. Large , et a t , P roduc t ion  Rat e  and P r o d u c t  I
R and , R 1609 , 1974.

Advocates  of s t a n d a r d i z a t i o n  po l i c i e s  requ i re  a gene ra l

mat r ix  enabl ing them to assess some of the  cost imp l i cat ion s of a l

po l i c i e s .  Tabl e  3 .7  is an examp le of a bas ic  framew ork ( il lus i r -

1. Assum e tha t  ua~ es r cp rc -ser . t  ah~ u t  50% of to tal  f ac t o r  pavmcn:
fo rmula fo r  the u n i t  p r o d u c t i o n  cost cur’:e (UPC) is: UPC

— ( i - s ) J  where  S -801 f o r  a i r c ra f t  ( s lope  of l ea rn ing
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showing the relative importance of R & D , labour  and produc t ion  costs

at va r ious  o u t p u t s  f o r  a “typical” aircraft (civil) : note the

decline in average R & D costs and in their relative importance in total

unit  costs as ou tpu t  r i ses .

Table 3.7 Costs and Output

P.

Output Average Labour Average Production Average Average Total
Cost Cost R & D Cost Cost

1 2 .43  9 .6  200.0 209.6

50 0.98 5.7 4.0 9.7

100 0.8 5.2 2.0 7.2

200 0.65 4.7 
• 1.0 5.7

400 0.52 4.23 - 0.5  4 . 7 3

800 0 .42  3.81 0 .25  4 .06

1600 0.34 3.43 0.125 3 .56

Source: Adapted from S. Sturrney , Cost Curves and Pricing in Aircraf t
Product ion , Economic Journal ,  Dec 1964.

Notes :  i) The costs  are in ’bnits ” fo r  a i r l i ne r s  — e . g .  f o r  a large jet
t r anspor t  each u n i t  would r ep re sen t  £ 200 ,000 at 1963 p r ices :
giv ing a t o t a l  l aunching  cost of £40m ,or £ 80n -L1 30m in 197—

- prices.

i i)  Labour costs based on 80% learning curve.  P r o d u c t i o n  cos t s
based on a 90% curve.

ii i)  Produc t ion  costs include bought -out p a r t s  and components —

e.g. engines , electronics. The figures for a military aircraft
will diff er. 
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Table 3.7 can be used to show the  sav ings  fr o m  s t a n dar d i z a t i o n .

The “ idea l ” case for  s t a n d a r d i z a t i o n  would  be , say,  4 na t ions  each

producing an aircraft costing 200 “units ” for R & D ~~up licatio n”) , w i t h

an average o u t p u t  of 200 p lanes  each ( shor t  runs) . What would be the

saving s if all  na t ions  agreed to buy f rom one supp l i e r ?  CETER I S PARIB ç,~~

3 R & D b i l l s  would be saved and p roduc t ion  ( l ea rn ing)  economies would be
P.

gained through increasing output from 200 to 800 units in one firm .

Table  3.7 shows tha t , as a result , unit costs would fall by almost 30% —

and this is obviously an upper bound es t imate  of the  savings from scale

effects as output increases four—fold (moving along a scale curve: see

Figure  1. 1 ( a)) .  Such an estimate is subj ect to qualification :

a) The ceteris  par ibus  clause must  be s t ressed . In f a c t , evidence

suggests  t ha t  each na t ion  wi l l  demand modi f i cat ion s , which w i l l

tend to ra ise  R & L bud gets  and reduce some of the economies f rom

a long run.

b) R & D cos ts  tend to escalate .  In the mid—l 960 ’ s , typical

cost e s c a l a t i o n  f a c t o r s  fo r  m i l i t a r y  a i r c r a f t  and m i s s i l e s  were

2 . 7  for  the UK and 2 . 9  in the USA. ’ If s t a n d a r d i z a t i o n  e l imi n a t e s

competition , will cost escalation factors be higher?

3.4 ( i i i )  I n t e r n a t i o n a l  compar i sons :  th e  U,~~ E u r o p e  and the  USA

In addition to scale effects , standordization might result in

f u r t h e r  savings if a i r c r a f t  production is based on comparative advantage

1. Cost  e s c a l a t i o n  is the  r e l a t i o n s h i p  be tween  or ig inal  development  cost
es t ima tes  and a c t u a l  o u t l a y s , expressed  in c o n s t a n t  p r i ce s .  K.  H u r t 1 ~~v
and J .  Cub i t t , Cost  E s c a l a t i o n  in the UK ; C iv i l  S e r v i c e ,  E : - ; p en d i tu r ~
Committee , Appendix 44, I-IC? 535 , I-P-I SO , London 19 7 6 — 7 7 .

_ _ _ _ _ _ _ _ _ _ _ _ _  
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(free trade: see Fig ure 1.2). At best , we suggested that the

ext ra  gains  f rom f r e e  t rade  mig ht equal the sav ings  f rom sca le  e f f e c t s

— i.e. an extra 30%, which mig ht not be unrealistic , since it has

been claimed that the USA is the lowest cost source of supp ly and is

probably 2O%—30% more efficient than Europe. Table 3.8 shows the

diff erence in size and scale between the leading American and European

aircraft firms. US output levels , either by top company or groups ,

is somo 2—3 greater , and productivity 1.5 t imes higher , than in Europe.

In fact , the productivity figures in Table 3.8 under-estimate the US

advantage. Once consideration is given to the whole industry and to net

output , U.S. labour productivity is about 3 times that in the UK and 1.5

times that in France.1

Tab le  3.8 Size of Firms, 1975

Sales (S) (European . SEmp loyment Productivity (~)units of account , m) (N) N

Larges t Firm :

USA 2817 72,600 38.8

UK 1008 60 ,941 16.5

France 1271 36,000 35.3

W . Germany - 496 18 ,565 26.7

Top Group:

USA 12 ,170 327 ,797 37 .1

durope 4,512 185,536 24.3

1. R. Harvey, Diagnostic Charts for Aerospace Productivity Imp rovem en t ,
Aircraft Eng ir-?erin,~~ March 197g .

_ _ _ _
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Tabl e 3.8 cont.

Source: EEC , European Aerospace Industry: Trading Position and
Fig ures , Bru ssels , 1977.

Notes: i) Sales figures are turnover — ideall y value—added data
are requir ed , especiall y for productivity estimates.

ii) The leading firms (sales) are Boeing , Aer ospatiale,
Rolls Royce , VFW. The top group is Boeing , Lockheed ,
McDonnell , P & W , GD and Grumm an in USA and Aerospatiale ,
RR , Dassault—Brequec , BAC , VFW and MBB in Europe.

P. The major explanation of the “productivity gap” is the small

scale of airframe production in Europe .
1 

.For combat aircraft , US

production runs of 1000 of a type are typ ical , sometimes extending to

3—5 ,000 (F4 , F5) , at rates of 12—14 aircraft per month , with up to

30—45 aircraft per month not unknown. In the UK , a typical production

run is 200—300 aircraft (Harrier , Hawk , Lightning) at the rate of 2—4

per month. Production runs for joint projects are longer , with over

400 fo r  the Ang lo—French Jaguar and 805 for the 3—nation Tornado (at

7 per month) .
2 

Production rate has a major impact on cost. An

increase in the rate from 1 to 12 aircraft per month , migh t red uce

unit production costs by over l5%.~ Nevertheless , the Europeans have

a comparative advantage in certain areas of aerospace.

Interviews with US aircraft firms indicated that the UK has

a relative advantage in sub—system s, such as ejector seats and avionics

(e.g. head—up disp lays and simulators), together with engines , VTOL aircraft

and small missiles. Evidence also suggests that for a given design-

,. Ministry of Technology (Elstub) , Productivity of the National Aircraft
Effor t, H~S0, London , 1969. Once allowance is made for output differences ,
the ratio of productivity in the USA and Britain in the late 1960 ’s
was be tween 1.2—1.5:1.

2. Parts of this section are based on the author ’s NATO R esearch Fellowsh ip
study tour of the USA and UK: they will be reported to NATO in 1979
and are not to be quoted without the author ’s permission. See also ,
R. Facer , Weapons Procurement in Europ e: Capabilities and Choices,
liss , Ade ip hi Paper 108 , London , 1975.

3. J. Large , et al, op. cit. , 1974.
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development task , the UK has l ower costs than the USA . For example ,

a comparison of the VC—lO and 707 airliners estimated that design man

hours were 9% lower on the UK aircraft — and our wages are lower.

Similar ly,  Rol l s  Royce estimated that in 1968, a given project team

cost £80,000 in the UK and $478 ,000 in the USA , so that British

- P. development costs were half the American level (official exchange rate

El = $2.8, although the results give an R & D exchange rate of El =

On th is  basis ,  the UK migh t  hav e a comparative adv antage in

aerospace design and development — suggesting that the UK should

specialise in-i development when collaborating with the USA~ On

manufacturing , the posi tion is different.

Interviews with the UK aircraft industry suggest that

Britain is possibly a lower cost supplier on small production runs.
2

Up to some 150—200 units , Britain is likely to be cheaper on average

production costs. On man hour s, the UK learning curves are below US

curves up to about 100 units. But British learning curves “flatten

out” af ter 100 units , whilst learning continues in the USA (the French

also claim that their learning continues indefinitely). As a result.

when ou tput exceeds 200 uni ts , the USA is superior on both man hours and

unit production costs; and hence has an advantage on long runs. The

outcome is presented in Figure 3.1 , which shou ld be compar ed wi th

Figures 1.1 and 1.2. This has imp lica tions fo r weapo ns standa rd i za t ion

policies. It mi ght be misleading to project cost curves beyond a firm ’s

output experience — e .g .  the UK has no exper ience of ope ra t ing  at L’S scalea

1. Minis try of Technology (Elstub) , op. cit., chps. 6 and S.

2. Based on author ’s NATO Research Fellowship: confidential and not to
be quoted without permission.
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of output of rates of production.

Figure 3.1

Average I

P. 

Cost 

:::: : =:
o 150—200 O u t p u t

Units

Table 3.9 gives examp les of con tinental Eur opean and US

learning curves for a given and identical aircraft.
1 In general ,

US learning curves have hi gher man hours for the first unit but a

steeper slope than in continental Europe — i.e. the relationship is

similar to that between the UK and USA (Figure 3.1-see firm B in

Table 3.9).

Table 3.9 US and European Learning Curves

European Company A US Firm Europe an Company B

Wings only :  Fuse lage  on ly :

assembly 80% Wings — assembly 70~ Outpu t  1—100 75’

wing box Maj or assembl y 7lP Output 100—300 80%
installation 85%

Sub—assembl y 72% O u t p u t  300—500 85%
mechanical
manufacturing 90% Fabrication 77Z Output 500+ 100%

I. Ibid .
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3.4 (iv) The cost s of alternative standardization policies

Compared with nationalism , there are 3 broad options for

aerospace standardization policies , namely “off—the—sh elf” purchases

f rom an es tablished supp lier , joint projects (European style — e.g.

Tornado) and licensed prod uction ~r co-operation .Evidence on the costs
P.

of each poli cy is:

a) “Off— the—shelf” purchases. This is the classic case of the

gains from standardization (see Table 3.7). Consider the UK

Phan tom “buy” . [f the UK had bought Phantoms “off—the—sh elf”

f r om McAir , their  uni t  prices would have been some 23—43% lower.

b) Joint projects where two—three nations share both the development

and production work (e.g. Jaguar , Tornado). Evidence suggests

that the total R & D bill for joint projects is greater than would

have been incurred if only one nation had undertaken the work.

Typicall y, che total R & D costs on a joint venture might be

20—70% higher , depending on the numb er of partners.
1 

Even so ,

wi th two par tners and equal sharing , each nation will “save” on

its R & D bill so long as a joint project costs under twice a

one—nation only venture. Similarly, unit production costs are

claimed to be lower , simp ly because a joint venture with a larger

output , al lows grea te r  oppor tun i t ie s  for scale and learning

economies than would be available on a national prograxmne. For

1. R. Facer , Weapons Procurement in Europe, op. cit., p.37. On Tornado ,
a collaboration prem ium of 50% f o r  R & D has been estimated and 157
for production: U. Walker , MRCA : a case study ,  Research Polic y,
Jan. 1974.
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example , the  UK r e q u i r e s  385 MRCA ’s but  “benefits ” f rom a

tota l  o u t p u t  of 805 a i r c r a f t .  A~ m i t t o d 1y ,  there are some

extra production costs involved in a joint venture , namely,

the costs  of c o— o r d i n a t i o n  and dup l i c a t e  f i n a l  assembl y l ines .

However , these can be exaggerated. For examp le , f i n a l

P. assembl y accounts for  some 20% of production costs , and

dup licate assembly lines migh t raise unit production costs~~ y

as little as 1—2% . In total , joint ventures might incur

a 5% premium on unit production costs , compared with a sing le

source alternative for the same output. Much depends on the

standard for comparison. For a given output , joint ventures

involve extra costs compared with least—cost single supp liers.

But compared wi th , say ,  a UK national output , joint ventures

give “savings ” to Britain: these might be between 10% and 18%

on total unit costs (R & D and production and a doubling of

output) At the same time , it is recognised that costs might be

even lower if the same aircraf t and numbers wer e pur chased

under “ideal” condi t ions f rom a single supp lier.1

1. The author has estimated that MRCA might result in cost “saving s”
to the UK rang ing from E64Om to £l900m, with an average of
El ,200m — depending on the assumptions about R & D and production
costs for IDS and ADV types. The reader can experiment with
various assumptions using Table 3.7 — e.g. compare a national
program of 200 aircraft with an identical 2 nation venture of
400 aircraft , assuming a 50% premium on R & D and a 5% premium
on production costs at 400 units: the unit costs of the joint
venture will be 5.19 compared with 5.7 for a national venture and
4.73 for a sing le supp lier of 400 units. We mi&ht guess that
joint projects achieve about half the savings which could he
obtained in the “best” case. .
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c) Co—production and licensed production. Most firm s believ e that

this option results in higher unit costs than if the output had

been obtained from the main manufacturer. These higher costs

for the licensed producer or co—pr oducer result from the loss

of learning , shor ter pr oduction runs , duplicate tooling and the

P. costs of transferring technology. ~ypica1ly, the unit costs of

licensed and co—produced aircraft are lO%—207. higher, although

there are reputed to be examples where the figure has approached

100%. On one major US program , some 25% European co—production

was expec ted to raise cos ts by 10%. On the work—sharing

arrangement for the UK Phantoms , Britain was willing to pay a

20% premium for UK inputs. Japanese experience with the

manufacture of Fl04’s is more surprising . The Japanese obtained

the p lanes at a lower cost than they would have paid in the USA.

Mainly beca use of lower labour ra tes and some transfer  of knowl edge

(learning) from Lockheed , Japanese unit costs were 88%—9O% of US

unit costs for a comparable aircraft. 1 Once again , con clusions

on licensed and co—production depend on the standard of comparison

and the counter—factual (i.e. what would have happened if there

hadn ’t been co—prod uction?). Compared with the “bes t” cas e

alternative , licensed and co—production might reduce substantially

the gains from standardization in weapons acqui~sition (there

1. G. Hall and R. Johnson , Aircr aft Co—Production and Procurement
St ra tegy ,  Rand , R45O , May 1967. 

--“ -- -
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remain t h e  militar y “benefits ” of standardiza tion) . However ,

compared with separate , independent national program s , co—

production should result in some sharing of R & D and possibl y

some savings in production.
1

P.

1. Tab le 3.7 illustrates the possible cost effects. Consider a
f i rm prod ucing 400 aircraft , at an average cost of 4.73. If
another nation wishes to licence produce 100 units , it night
be expected to operate along the row corresponding to 100
aircr aft — i.e. unit production costs of 5.2 with R & D costs
now spread over 500,units , giving an average R & D cost of O.-~.:
hence the main firms unit costs will fall to 4.63 (saving) and
the licensee will obtain 100 units at a unit cost of 5.6 —

compared with 7.2 if it had been an independent developer and a
unit cost of under 4.63 if it had bought off—the—shelf from the
main manufacturer (ceteris paribus). Of course , some of the
simp lif ying assumptions could be relaxed — e.g. if the main
manufacturer transfers learning experience , the uni t prod uc t ion
cost at 100 will be lower than 5.2 for the licensee ; or co—
production might exp loi t the benefits of international differences
in wages and compar ative advantage; or R & D costs might not
be shared amongst the total order.

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Ch a p t e r  4 C o n c l u s i o n s

1. Our survey of the l i t e r a t u r e  sugges t s  that standardization in

acquisition could result in savings of the following magnitude:

P. a) Scale e f f e c t s , via a doubl ing  of o u t p u t , mi ght  reduce

unit costs by iY~: thi s is consistent with evidence

from both scale and learning curves.

b) Free trad e effects , via competitive markets and comparative

advantage could result in further savings of 10%. Not

only is this figure derived from international trade studies

(e.g. on tariffs and effects of EEC) but it is further

suppor ted by evidence on the effects of introducing

competition into defence markets. Increased competition

in the US defe nce marke t r educed production costs by

8%—9% : the figure is likely to be higher in the non—

competitive European markets where some malor weapons firms

are state—owned (e.g. British Aerospace; Royal

Ord nan ce Fac tori es) 1

2. Our estimates could well be lower—bound figures — there are

dangers of double counting and the savings on R & D are

not always included in production cost data: hence our caution.

1. C. Ashcroft , Milit ary Logistic System s in NATO : The Coal of
In tegra t ion , Par t I , Economic Aspects , 1155, Adel phi  P aper 62 ,
November 1969 , p .7. Ashcr oft reports that competition
supposedly reduced US unit prices by some 24~ —7 2~ for  a samp le
of weapons components. 
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3. Where d a t a  are u n a v a i l a b l e , we wou la  sugges t  t h a t  the  10%

r u l e  be used as a c rude  e s t i m a t e  -of the  saving s frcm a doublin g,

of o u t p u t .

4 .  The t a r g e t  sec tors  and weapons f o r  s t a n d a r di z a t i o n  po l i c i e s .

We suggest a policy emphasis on the industries with the ~~ eOtest

P. 
scale f a c t o r s :  see Tables  2 . 2  and 2 . 3  — e.g. those industries

wher e, operating at half of mes raises unit costs by 20% or

more. Scale and learning f a c t o r s  appear to be inverse l y r e l a t e d ,

which suggests  the following tentative ~ypothesis

b =  1 — S

where b = scale factor — i.e. the increase in unit costs at
half toes, compared with costs at toes.

S = percentage slope of the learning curve.

Thus , an 80% learning curve suggests a 20% scale factor — i . e .

a 20% increase in costs at half toes;  a 90% learning curve

gives a 10% scale factor.

5. Our e s t imates  of up to 20% savings from s t andard iza t ion  (1 above)

are based on the “best  case” s i t u a t i o n :  they w i l l  be reduced

thr ough adopting higher cost options (e.g. joint projects;

co—production; constraints on both competition and free trade) . 
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