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Explaining Economic Growth

This article analyses the methodological issues which arise in
explaining European economic growth in the 1g950s. The main
concern is with Edward Denison’s Why Growth Rates Differ?
— which is the outstanding empirical contribution to growth litera-
ture. Denison exploits the complex source material with unparalleled
skill, and has performed an important service by his boldness and
intuition in filling quantitative gaps with intelligent guesswork.
His growth analysis is a major extension of the national account-
ing framework. His energy, sclf-assurance and perseverance in
quantification. have raised the quality of the growth discussion by
forcing his critics to be more articulate and rigorous than they
might otherwise have been.

Denison does not say .much about the theoretical implications
of his approach, nor does he consider policy implications explicitly
as he did in his earlier book on U.S. growth.? He writes for techno-
crats rather than policy-makers, dealing with proximate rather than
ultimate causality. This was a deliberate choice on his part, and he
cannot reasonably be criticised for failing to do something unintended.
But I think he seriously underestimates the role of capital formation
and trade liberalisation in the acceleration of Europe’s postwar
growth, and that some of his implicit policy conclusions are mislead-
ing. I also disagree with two of his basic rules of thumb concerning
measuremnent of labour quality. This paper presents alternative

* An earlier version of this paper was presented to the Asian Productivity Organisation
in Tokyo in February 1972, I am grateful to Solomon Fabricant and Kazushi Ohkawa for
insights gained during this meeting, and to Olav Magnussen for critical comment.

1 Sec E.F. Drwison (assisted by J. P. PouiLiier), Why Growth Rates Differ, Brookings,
Washington, 1967,

2 See E.F. Deurson, The Sources of Ecenemic Growth tn The United Staies and the
Alternatives Before Us, Committee for Fconomic Development, New York, rga.
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estimates within the framework of Denison’s model which (I think)
provide a better explanation of the growth cxperience of the ":(9505.3

The analysis is divided into several sections: (I) description of
Denison’s implicit model and its historical origins; (II) analysis of
his treatment of output; (111) of capital inputs; (V) of labour inputs;
(V) of other components of growth; (VI) conclusions. Denison dea!s
with levels of productivity as well as trends, but here the concern is
only with trends.* Throughout we refer to Denison’s estimates for
195062 and not to those for the sub-periods 195055 and 1955-62.

I. The Intellectual History of the Denisonian Model

Denison explains growth by use of an index of “total _factor
productivity ”. The word “total” is used because al‘l factor inputs
(labour and various kinds of capital) are combined into a compre-
hensive index and the rest of growth is attributed to the rise in
productivity. “Productivity” in this context is smaller than that
shown by the “ partial ” productivity approach, e.g. in labour prgduct—
ivity indices where output is explained in terms of only one input,
labour, and a productivity concept which embraces all other sources
of growth, The “ partial productivity ” formula for labour product-
tvity is:

O=LP [1]

where O=output, L=1labour input, and P.= labour productivity.
An alternative “ partial ¥ productivity formula for capital is:
0=KP [2]

where K =capital, and P'=capital productivity. (The superscript
distinguishes productivity in this sense from labour productivity).

3 The interpretation of European growth which I advance here, is similar in emphasis
to that in my book, Economic Growth in the West, Allen and Unwin, .1964, though. that
book was ptimarily concerned with the impact of economic policy and did not contain an
explicit model of the growth process. The argument there was closer to that-of Ka[do.r 5
technical progress function and Salter’s analysis than to the present production function
approach, :

4 See A, Mapbisow, © Comparative Productivity Levels in the Developed Counteies”,
this Review, December 1967 for a comment en Denison’s work on levels of performance.
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The total factor productivity approach had its origin in the work
of P.H. Douglas who first experimented with “production func-
tions” in 1928 as a means of empirical verification for theories of
income distribution” Douglas was interested in secing how the
proceeds of industrial output were divided between labour and
capital. His function explained growth in the following way:

O=al+(1—akK [3]

where O equals output, L. equals employment, K the capital stock,
a the share of labour in total income and (1 — a) the sharc of capital
in income.

Douglas explained all growth in terms of inputs of labour and
capital, and his growth equation had no productivity component.
This was partly because he dealt with a period in which technical
progress was slow, partly becausc his data were defective.

Later research by Tinbergen, Stigler, Schmookler, Abramovitz,
Niitamo, Aukrust and Kendrick ¢ showed that growth of the
combined inputs of labour and capital does not normally “explain ”
the whole of output growth. These writers restored the role of
productivity in explaining growth and their formula was therefore:

O=aL 4+ —aK 4 P? [4]

where P? is total factor productivity.

Kendrick’s ambitious study of “ total ” factor productivity showed
that factor inputs accounted for less than half of U.S. growth in the
period 1869-1957. Subsequent investigators have tried both to reduce
the size of the “productivity” component by “augmenting” the
estimates of factor input and to break down © productivity ” into its

3 See P.H. DouvcLas, “ Are there Laws of Production ®, American Economiéc Review,
March 1948, for a retrospective review of his work.

6 Sec }J. Tinseroen, “Zur Theorie der langfristigen Wirtschafsentwicklung ™, Wels-
wirtschaftliches Archiv, Band 55, Heft 1, 19425 G.]. Stclen, Trends in Outputr and
Employment, N.BER, New York, 1947; J. Scmmoorier, “The Chancing Efficiency
of the American Economy, 186g-1038%, Review of Economics and Statistics, 1952;
M. Arramovrrz, “ Resource and Output Trends in the U.S, Since 1870™, dmerican Economic
Review, May 1956; O. Nnramo, “The Development of Productivity in Finnish Induostry
1925-1952 *, Productivity Measurement Review, November 1958; O. Auxrust, *Investment
and Economic Growth”, Productivity Measurement Revies, February 1959; J.'W, KENDRIck,
Productivicy Trends in the United States, NBE.R,, Princcton, 1g61.
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components so that the causes of growth can be made as explicit as
possible.

An important contribution to the literature on augmented factor
inputs was made by Salter and Solow 7 who showed convincingly that
technical progress was not an autonomous source of growth but
makes its impact on output mainly by being embodied in new
capital. They argued that capital comes in vintages, and that each
new year’s increment to the stock is different and better than that
of the previous year. They advanced plausible reasons for believing
that the aggregate impact of technical progress is a fairly smooth
(exponential) process and not jerky as Schumpeter had suggested.
In its extreme form the Solow formula “embodied” all technical
progress in capital and bhad no productivity component:

O=aL +(1—a) (K %) 5]

where A« is a shorthand expression reflecting the embodiment of a
steady percentage (exponential) addition to productive capacity asso-
ciated with the gross investment of each year. Solow experimented
with various values of A« designed to eliminate the productivity
component. He assumed as a constraint that (a) should take a value
reasonably near labour’s recorded share of national income, and
suggested that the rate of postwar technical progress bad been
about 4 to 5 per cent a year.®

Denison rejects Solow’s “fully embodied ” version of technical
progress because it gives an implausibly high value to A Implausible
because the rates Solow postulates are incompatible with what we
know about the lives of assets — which would be scrapped earlier

7 See W.E.G. Savtew, Productivity and Technical Change, Cambridge University
Press, 1960; R. M. Sorow, “Investment and Technical Progress™, in K.]. Ansow, 5. Karumw
and P. Suerss, eds, Mathematical Methods in the Social Sciences, 1959. Solow’s views
ate set out at greater length in Capital Theory and the Rate of Retwrm, North Holland,
Amsterdam, 1964,

8 See R.M. Sorow, Capital Theory and the Rate of Reswrn, North Holland,
Amsterdam, 1964, pp. So-1: “It may strike you that 4 or 5 pet cent a year is a high rate
of technical progress for an economy whose output has grown only at 3 per ceat a year
on the average over the long period, and whaose labour force and stock of capital have
been growing too. The apparent paradox is resolved by the recollection that X is the annual
rate at which the productivity of capita] improves. But a 1 per cent increase in the effective
stock of capital yields only an ¢ per cent increase in output, if ¢ is the elasticity of output
with respect to effective capital. So a rough estimate of the contribution of technical progress
to the growth of output can be obtained by multiplying each A by its corresponding o™
For ¢ read the a in our equation, and for A read Ax.

g
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than they are, if Solow’s extreme assumptions were correct.” Further-
more, the fully-embodied version of Solow’s argument (formula 5)
means that embodied technical progress is a catchall expression
which includes the impact of education, economies of scale, gains
from economic integration, disembodied technical progress, etc., which
should be specified separately. What is surprising is that Denison’s
repudiation of the Solow-Salter argument was virtually complete
though he does not reject it in principle and even makes a plausible
suggestion about the likely quantitative magnitude of embodied
technical progress. His insistence that the embodiment question is
unimportant is both perversely argued and has misleading implica- -
tions for policy."

About the same time that Solow suggested augmented concepts
of capital input, Schultz stressed the important effects of education
on economic growth by raising the quality of human capital. The
point was quickly developed by Denison, who changed the Schultz
formulation,"* and incorporated other dimensions of quality change

9 Sec E.F. Denwsow, “ Capital Theoty and the Rate of Return?, dmerican Economic
Review, September 1964,

10 Sce E.F. Dexison, Sowrces of Economic Growth, pp., 2347, 254-5, E.T. Danison,
“'The Unimportance of the Embodied Question®, Ametican Economic Review, March-May
164; and E.F, Dewson, Why Growth Rases Differ, pp. 144-50. In all of these places he
argtes as if the embodiment effect operated only in cases where the average age distribution
of the capital stock changes (and even this in a vety nartow sense, ic. abstracting from
the impact of changes in the distribution of capital between construction and equipmeng).
If one defines the embodiment question in this extraordinarily limited way, its influence is
not too important because the average age of the capital stock does mot normally change
very dramatically when age structure is defined in this narrow sense. But nobody but
Denison would restrict the meaning of the argument in this way, What Denison is doing,
in Salter’s terminology, is to assume that embodied technical progress makes its impact
only by changes in age structure which alter the ratic between average and best practice at
different dates, but most people define embodied technical progress in terms of changes
in the productivity of average practice at different dates. It seems inconsistent that Denison
does make allowance for his relatively unimportant element of embodiment, whilst ignoring
the bigget components, In other places he argues against the Solow hypothesis on the
grounds that it is impossible to know what the rate of embodicd progress is, but he has
to postulate its magnitude to apply his limited embodiment procedure, and he is willing to
postulate a rate of disembodied progress, See R.R. Nrwson, “ Aggregate Production Func-
tions and Medium-Range Growth Projections”, American Economic Review, September
1964, p. 582, for an clegant statement of the issues,

11 See T.W. Scwurrz, “FEducation and Economic Growth®, in Social Forces
Influencing American Education, Chicago, 1961, and *Investment in Human Capital®,
American Economie Review, March 1961; E.F. Danison, T'he Sosrces of Economic Growih,
op. cit., 1962; M.]. Bowmaw, Schultz, Denison, and the Contribution of ‘eds.’ to National
Income Growth®, Journal of Political Economy, October 1964,
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in his measure of labour input, including a rather controversial
assumption about work intensity, The general form of the Deni-
sonjan formula is shown below (formula 6):

O =a(l ) + (1 —2) (K +9)+ P [6]

where ), represents in shorthand form the impact of education and
other quality adjustments to labour; A% (much smaller than Solow’s
M) represents Denison’s adjustments to the capital stock; P? is the
productivity element (which is smaller than P* because the augmenta-
tion of K and L has given factor inputs a greater explanatory role).
O' is a slightly modified version of O.

The weights given to labour (a) and capital (1 —a) in the
formulae cited above are their relative shares in (contribution to)
national income (or gross national product). The rationale for this
weighting systern is the marginal productivity theory of distribution.
Denison assumes that factor prices are proportional to marginal
product and that factor shares give a reasonable approximation to
the elasticity of output with respect to each factor. Some writers
would disagree with this procedure cither because of imperfections
in the market or for more fundamental reasons. Though the use
of income shares as weights is a matter of controversy, there is,
unfortunately, no other generally acceptable alternative. Some ob-
servers have attempted to estimate the weights by empirical (regres-
sion) procedures, which usually give capital a bigger weight,” but
it seems preferable to use weights which are based on an explicit
theory (however questionable) and to let all the uncertainties
accumulate as a residual unexplained component of P* rather than
imbed them in the weighting system and assume that they thereby
disappear.”?

12 See R. Nrmsow, “Aggregate Production Functions and Medium Range Growth
Projections ?, American Feonomie Review, September 1964

13 The thearetical discussion on production functions is extremely complex and
many of the theoretically feasible influences on growth are not measurable, Furthermore,
there is still fundamental disagreement in approach between the neo-classicists and the
Cambridge School. ‘The controversies have been bitter hecause of the political immplications
of different theories of distribution, Sece M.I Napmi, “Some Apptoaches to the Theory
and Measurement of Total Factor Productivity: A Survey”, Journal of Economic Literature,
December 1970, for 2 comprehensive survey; and M. Brown, On zhe Theory and Measure-
ment of Technological Change, Cambridge University Press, 1966, for an analysis of CE.S.
production functions, biased technical change, etc. See also C. Konnepy and A. P, THIRLWALL,
“Technical Progress: A Survey®, Economic [ournal, March igyz.
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Denison’s approach follows in the tradition of earlier writers
but is distinguished by its degree of detail, the larger range of growth
influences considered and the number of countries covered. In all,
he deals with about 30 identified sources of growth.

Formula 4 spells out Denison’s approach by stating his “ produc-
tion function ” explicitly ™ as follows:

[O+(r+s—t~—z)] :y[a(L+(n+u+v —|-W}) +{t—a—b
—cd—¢)(R+(E+g) +bH+el+d] + (7]

FMAptq b xtal

On the left-hand side of the equation, O is net national product at
factor cost; r and s are adjustments to output to offset cyclical and
weather fluctuations; t is a conceptual adjustment to output in
Belgium and France to make it comparable internationally; z is an
adjustment to convert the measure of output in Burope from Euro-
pean to U.S. prices. The items 1, s, ¢t and z can equally well be put
on the right-hand side after the square brackets as “ explanations ”
of growth instead of treating them as measurement items.

On the right-hand side, we have y, the percentage adjustment
(to everything within square brackets) to represent economies of
scale (10 per cent in the U.S., 115 per cent in Italy, 13 per cent in
Norway, 12 per cent in Belgium, Denmark and the Netherlands
and 11 per cent in other countries); a is the share of labour in
pational income; L. is employment; n, u,” v, w are characteristics
modifying labour input (hours, age-sex, worle intensity, and educa-
tion).

The next items, up to and including J, represent the impact of
capital. Capital is divided into four operational categories: enterprise
plant and equipment (K); housing (H); net foreign investment M
and inventories (I). The other two categories: land and general
government assets, have no explanatory role in his system. 1—a—
b—c—d—e is the share of business plant and equipment in

14 Denison kindly supplied me with an unpublished paper “ Production Function
Implicit in Why Growth Rates Diffes ”, but the expression ke uscs is a little different from
that given above,

151n fact u (the adjustment for hours) is the result of a complex calculation
involving six items; holidays, weekly hours, incidence of sickness, strikes, bad weather,
and intensity of work.
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national income, ie. total income minus the shares of housing (b),
land (c),** foreign investment (d), and inventories (¢); K is the input
of business plant and equipment; f is an age adjustment for business
plant and cquipment; g is a capacity use adjustment for business
plant and equipment; bH is income from housing; eI is income
from inventories; dJ is income from foreign capital.

Thus far, the items in the square bracket on the right-hand side
have been factor inputs; the remaining items: m, P> 9, X, and o are
explanations of factor productivity. m is the gain in output associated
with movement of fabour out of agriculture and self-employment;
p reflects economies of scale due to increasing concentration of
population in local markets; q is the gain in output from reduction
of trade barriers; x represents gains from advances in knowledge
(disembodied technical progress); « is the unexplained residual.

In 1967, D. W. Jorgenson and Z. Griliches published an article
which claimed (for he U.S.A)) to explain virtually all growth by
augmented factor inputs. They assert that Denison’s P* simply
reflects measurement error. Their growth formula is equivalent to
formula 6 without the last item (P?), thus taking us back in a more
sophisicated form to the Cobb-Douglas formulation. They make
three important adjustments to the Denisonian measure of capital’s
role. Firstly, they “correct” for changes in the measurement of
capital. This is not quite the same as Solow’s embodiment effect,
They argue rather that capital goods are usually over-deflated
by conventional price indices, which measure inputs into the capital
goods industry rather than its output. The point is valid, but
their procedure is cavalier and has been rightly criticised by
Denison. (They deflated the stock of equipment by the price
deflator for consumer durables instead of that for producer
durables. Inventories were deflated by the index for consumer
goods). Secondly, and this is their main point, they argue that
growth accounting should be concerned with the flow of services
from capital rather than the stock. They allege that there have been
major changes in the degree of utilisation of capital and suggest a
measure of this (changes in the use of electric motors in manufactur-
ing) which considerably augments the input of capital. Thirdly,
they raise the explanatory role of capital by dealing in terms of gross

16‘ As the stock of land does not increase, this item has zero importance as an
explanation of variations in growth rates,
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output and using weights including depreciation. In the latest version
of their writings, capital’s share in total product is over 40 per cent,
compared with less than 30 in Denison’s study. This increases the
role of capital as an explanatory factor, because capital grows faster
than labour. Denison argued that their first two adjustments were
not reasonable and they have since modified their position substan-
tially, so that their present formula for the U.S.A, contains an item,
P* which is smaller than Denison’s P* but not much smaller.t?

i. Quiput

Denison defines output as net national product at factor cost,
and his boundary of economic activity is the same as in the stan-
dardised national accounts system. This enables him to exploit
figures already available without a great deal of fundamental research
of his own® 1 prefer to use an augmented version of G.N.P. rather
than national income, ic. I include depreciation (for reasons ex-
plained in the section on capital below), and T impute an income
from government capital.’? The difference does not affect the output
measure significantly but it has an important effect on the size of the

17 See D W, Jorcenson and 7, GriLiess, * The Explanation of Productivity Change”,
Review of Feonomic Studies, July 1967, B.F. Do, Some Major Tssues in Productivity
Analysis *, Smroey of Current Business, May 1969 (this issue includes a revised reprint of
Jorgenson and Geiliches); L.R. Crmsymwsiw and D.W. JoreEnsow, “The Measurement of
.S, Real Capital Input 1920-1967%, Review of Income and Wealth, December  196g;
L.R. Crrstenseny and D. W, Jorcenson, “U.S. Real Product and Real Factor Input 1929-
1967", Review of Income and Wealth, March 1g70; D. W. Jorgmnson and Z., GniLices,
“Issues in Growth Accounting: A Reply to Edward F. Denison”, Harvard Institate of
Tconomic Research, Discussion paper ars, November toyr; D.W. Joremwson, “ Measuring
Feonomic Performance”, mimeographed paper presented te Conference on Rescarch  in
Income and Wealth, November 1gy1, Princeton. In fact there was an earlier and briefer
discussion between these protagonists which covered many of the same points, see 2. Gmr
riemms and D. W. Jorcensow, “Sources of Measured Productivity Change: Capital Input”,
Ametican Feonomic Review, May 1966, and Denison’s comment in the same issue.

18 Some of the earlier growth analysts like Douplas dealt with smaller aggregates
like industrial production, and Jorgenson and Griliches have limited the scope of their
output concept by excluding government, Kendrick used both the Depattment of Com-
merce and the Kuznets concepts of output,

19 There is something to be said for extending the output concept to include repair
and maintenance, as is done in Norway and Sweden. Repair and maintenance is, after all,
an important activity which has an impact on growth, and it is a pity to ignote it in this
context, Glven the lack of standardised data for this gross/gross concept, we shall simply
stick to GNP, but it is obvious (hat inclusion of repair and maintenance could increase
the role of capital as an explanatory factor in growth.
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weights for capital. The differences can be seen by comparing
Tables 1 and 2.

Denison feels that measured growth rates in O.E.C.D. countries
are highly comparable. He says “1 do not believe any large part of
the big differences among countries in growth rates is likely to be
ascribable to estimating errors, procedural differences, or choice of
base years”.* Recently T.P. Hill has sounded a note of caytion
on the comparability of the figures,® but as he has not suggested
any specific amendments, we procede on the assumption that the
figures for these countries are comparable as amended by Denison.

Denison makes four adjustments to the national income measure,
which are indicated in Table 1. I have assumed that the same cor-
rections apply to my augmented GN.P. figure in Table 2. 1 have
also imputed a flow of service income arising from use of general
government assets (roads, hospitals, schools, etc.), but this imputation
does not affect the measured growth of output.

Denison’s adjustments are as follows:

(a) two adjustments to offset shortterm disruptions of a
cyclical or irregular character which affect the movement of output;

(b) a small downward correction for France and Belgium
because the measure of output in the service sector exaggerates their
growth compared wih that in other countries (which use different
measurement conventions);

{c) the last adjustment is quite substantial. This correction
arises from the fact that different countries have different price
structures. ‘The price structure is related in a fairly systematic way
to the level of real income per head, which affects the pattern of

20 See Why Growih Rate Differ, p. 1. 'This feeling was shared by Beckerman and
McGibbon who were successive heads of the OF.C.D, National Accounts Division, See
McGipsow, “The Statistical Compatability of Rates of Growth of Gross National Product”,
Productivity Measurement Review, OJF,CD., Paris, February 1964 W, Drcxerman and
Associates, T'he British Econorsy in 1975, CUFP, 1965, p. 14. Beckerman said “ A detailed
study has been made, at the Organisation for Economic Co-operation and Development, of
the extent to which differences in methods and data deficiencies are likely significantly to
affect the comuparison of growth rates; it has been found that, atong the mote developed
countries, no important incomparability could possibly arise from these deficiencies *.

2L 8ee T.P. Hux, The Measurement of Real Product, QR.CD, Paris, 1971, who
concludes * Althcugh the results are not completely conclusive they reinforce the general
cenclusion of this report that differences in growth rates observed between diflerent countries’®
need to be interpeted with a great deal of caution”,
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ThELE 1
DENISON’S ESTIMATES OF THE GROWTH OF OUTPUT 1g50-62
annual avcrage percentage point contribution to growth rate
Adjustment
Met national tical Agricu.lt;lral Meashrenient required ta
- poti st | aieene | amaten MG | mem
U.5. prices
Belgium 3.20 —.17 —.II
Denmark 351 —.22 07 —.23
France . 492 01 —.23 —.49
Germany . 7.26. — .91
Italy 5.06 —.01 - 60
Nethetlands . 473 —.ag —.02 —.23
Norway . 3445 02 —.12
Upited Kingdom . 229 0% —.0g
United States . 332 04 00
e TABLE 2
| AI'TERNATE ESTIMATE OF THE GROWTH OF OUTPUT 1g50-02
! annual average percentage point contribution to growth rate
|
i Ge Adjustment
icu ired
% natig:lsal Cyclical %%23;;’::;1 Measurement ug:;g:urem
! product at adjustment adjustment vatiation growth in
“ tmarket prices U.S. prices
: { Belgium 332 —.17 —aI
; Denmark 343 —.22 07 23
IV France . 483 .01 - ,23 —.49
; Germany . 729 —9r
o Ialy . . . . 6.or —.01 —.6a
Netherlands . 453 —.Ig —.02 —-23
Norway 3471 o2 —.12
United Kingdom . 2.64 9 —-09
United States 341 .04 -00
wofer
§
i
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demand and factor price ratios. Denison’s procedure involves a “ cor-
rection ” for this by measuring output growth in U.S. rather than
national prices. He does not have enough data to do this directly,
but derives a proxy from the relationships between estimates at U.S.

and European prices shown in the O.EE.C. studies of Gilbert and
Associates.®

It might be advisable to make further adjustments to correct
for conventions inappropriate for growth analysis. Denison feels
obliged to make a downward correction to his quality-adjusted
labour input to allow for the fact that ouput in some sectors is
measured by employment. The alternative would be to adjust output
upwards by an appropriate amount. One might deduct the impact
of foreign investment and deal with domestic rather than national
product as Jorgenson and Griliches do. One might treat some
government services as intermediate rather than final product.

In contrast with Denison, Jorgenson and associates narrow the
scope of the inquiry by deducting government activity from output
and inputs.”? This is a fairly common American practice but it
introduces an element of unrealism in economies where government
is not only very important, but is constantly growing in influence.
It is also inconsistent because government activity in education does
figure importantly in their model. My own feeling is that the scope
of the inquiry should be wide enough to encompass all significant
sources of growth.

In recent years the usefulness of national accounts concepts and
of growth accounting have come under fundamental attack from
Galbraith and Mishan who have argued that the whole business is 2
waste of time because GIN.P. figures have no welfare significance.
Galbraith argues that a large part of consuter demand is artificially
stimulated by advertising. He makes a sharp distinction between

22 Sec A. Maopmsow, “ Comparative Productivity Levels in the Developed Countries®,
this Review, December 1967 for a detailed explanation of the point at issue, The impact
of using US. rather than national weights is analogous to the downward bias usually
involved in the use of current year weights as distinct from base year weights in index
numbers for one country, Although I have used Denison’s correction factors in my
alternate estimates, I have some doubts about the validity of this correction procedure in
a study where most magnitudes are measured in national prices.

23 They also make some other adjustments which are not too significant jn their
controversies with Denison, e.g, they treat consumer durables as a capital good, they have

a valuation system which is neither factor cost nor market price, and they use Divisia
index numbers.
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private and public goods, and argues that needs for the former have
been virtually satiated* His other main argument is that economic

growth has created unmeasured and very serious disamenities such

as pollution and urban crowing. In any proper balance sheet these
evils should figure as a negative item in the growth accounts.
Mishan’s argument relics on the same two basic points as Galbraith:
(a) the synthetic nature of “demand ”; (b) the existence of external
diseconomies. The main difference is that Mishan’s policy recom-
mendations are too extreme to be taken seriously, and he does not
share Galbraith’s penchant for public goods.” His ideal world is a
Walter Mitty phantasy peopled by characters with the aesthetic
sensitivity of Shelley and bankbooks like J.P. Morgan who yacht
around the Mediterranean greeted at cvery anchorage by unspoiled
rustics,

Galbraith’s first point has some relevance in the U.S.A. where
T.V. advertisers are permitted to inflict themselves ad ftbitum on the
long-suffering public, and where political shibboleths have held back
the development of necessary forms of public expenditure. But there
has been a big upsurge in government spending in the U.S.A. and
Europe since Galbraith wrote. Governments spend large amounts
on items like Concorde and men on. the moon, which are more costly
aberrations than tailfins on Cadillacs. Galbraith’s fundamental point
about affluence is as unrealistic as Mishan’s. If ordinary people werc
as satiated with wordly goods as he suggests, it is curious that wage
demands are so pressing, and that growing numbers of people risk
imprisonment to rob trains and banks.

Galbraith and Mishan are lobbyists writing to attract maximum
attention. Both exaggerate, and neither makes a sober attempt to
quantify the negative externalities they decry or to work out the cost
of their corrective policies. Tentative efforts so far made to measure
costs of pollution do not suggest that it is a very big negative item,
and there are some significant positive factors in the environmental

24 Sec ].K. Gavraree, The Affluent Society, Chapter .

25 See E.]. Misiaw, The Costs of Ecomomic Growth, Staples Press, London, 1967,
Sec W, Brogmrmaw, “The Desizability of Economic Growth”, in N. Katvor, Conflicts in
Policy Objectives, Blackwell, Oxford, 197z for a comment on Mishan, More recently there
has been another doomsday book on growth more extreme than Mishan, by D. L. Meanows
and Associates, The Limits to Eeonomic Growth, Potomae, New York, 1972, which revamps
Malthus with the help of a computer.
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scene. Air and water pollution have fallen sharply in the UK.
and Paris has been transformed by ravalement. The quality of life
has improved in other ways not measured in national accounts.
Consumer choice has been widened by the development of interna-
tional trade, there is a lower incidence of industrial disease, offices
and factories have been improved, and people are less worried about
unemployment than they were in the 1930s. We are not really in a
position to judge whether on balance the externalities have been
positive or negative. Furthermore some “ quality of life” problems,
such as crime, violence and drug addiction have no obvious link with
economic growth,

However, Galbraith and Mishan have raised matters of obvious
public concern and growth accounting must take some heed of them.
The point about externalities is not new but was discussed i extenso
by Pigou half a century ago Pigou was also interested in income
distribution, an aspect of welfare not much discussed by Galbraith
and Mishan. Thirty years ago, Kuznets advanced a concept of output
smaller than that currently used because he deducted some items as
regrettables and instrumentals which are now treated as final goods.®
Tn the debate on this issuc in the 1940s, he was accused of injecting
:a Ruskinian “ moralistic flavor ” into national income measurement
and he lost out to the group of economists who made the official
estimates in the U.S. Department of Commerce (one of whom was
Denison).® There may now be a case for modifying our concept of
total output to bring it closer to what Kuznets originally suggested.

Recently 'W. Nordhaus and J. Tobin® have produced a
“measure of economic welfare” (ME.W.) and related it to the

26 See Royal Commission on Environmental Pollution, Final Repor, Cmnd, 4585,
‘HM.5.0,, London, February 1g7r.

27 See A.C. Picou, The Economics of Welfare, Macmillan, Londen, 1gze.

28 Ruznets’ estimates are compared with the official (Department of Commerce)
estimates for the US, in Kendrick’s book, op. cit.

29 See S. Kuznzrs, “ Discussion of the New Department of Cotnmercial Income Sevies,
National Income: A New Version®, Revicw of Economics and Statistics, August 1948 and
the reply in the same issue by M. Guagnr, G. Jaszi, E.F. Dinwon and C.F. Scirwanrz,
“Objectives of National Income Measurement: A Reply to Professor Kuznets™. Denison’s
position is basically the same as in 1948, see E.F. Dunsow, *Welfare Measurement and
the GIN.P. 7, Survey of Currént Business, January 1971,

30 See W. Nozpmaus and J. Tomw, #Is Growth Obsolete?” paper presented to the
Conference on the Measurement of Economic and Sccial Performance, N.BER., Princeton,
November 1971, For an earlier and more Himsy attempt to measure welfare which includes
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wider framework of traditional national income accounts..’ They
deduct certain items. from private and government consumption
which they consider to be either regrettable or intermediate products.
They deduct expenditures on consumer durables but impute a flow
of income from the stock of consumer durable goods and from
government assets, which are not included in the present national
accounting framework. They add an imputation for the value of
leisure (with three variant measures) and the value of non-market
labour activity, and they deduct the value of disamenities caused by
urbanisation, etc. They end up with variant mecasures of M.EW.
which are much bigger than G.N.P. in absolute terms but have lower
growth rates. These estimates are still under active discussion and
may well affect future approaches to growth accounting. For the
present, however, we shall continue to use the traditional G.N.P.
measures, with the minor modifications already mentioned.

lil. Gapital Iaputs

In measuring capital inputs, Denison faced considerable practical
and theoretical difficultics. One of the major problems is that official
capital stock figures are not available for all countries and interna-
tional agencies have as yet done little to make them comparable.

Official estimates for Germany, the UK. and U.S.A. have ap-
peared since Denison wrote his book, but he was obliged to use
figures based on widely different methods and coverage. For some
countries (Denmark, Italy, Norway and the Netherlands) only net
stock figures were available and the gross stock had to be inferred;
elsewhere, substantial adjustment was needed to get the coverage he
wanted. He used an average of gross and net capital stock growth
rates, though (somewhat inconsistently) he calculates capital’s share
of income after excluding all depreciation.

an allowance for improved quality of goods, see A, W. Samerz, “Production of Goods and
Scrvices: The Measurement of Economic Growth”, in E.G. Semwpoxy and W.E. Moozne,
Indicators of Social Change, Russell Sage, New York, 1g68.

31 See H. Linzen, “Das reproduzierbare Anlagevermdgen in Preisen von 19627,
Wirtschaft und Statistik, October 1971, Statistisches Bundsamt, Wieshaden; National Income
and Expenditure rg7r, C5.0, London; L, Grose, I Rorreneere and R.C. Wasson, “New
Estimates of Fixed Business Capital in the United States, 1925-65%, Survey of Curren:
Business, 1966, See L. Nesrerov, ®Current Position of National Wealth Estimation in the
World *, Review of Income and Wealth, September 1969 for a review of existing estimates
in 53 countries,
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My own preference is for the gross stock figure, because the
physical production capacity of capital does not deteriorate much,
and depreciation in the value of capital reflects the discount due to
its declining life expectation rather than physical deterioration, 1
also include government capital, which has an important though
indirect impact on growth potential, but which Denison excludes.
Finally 1 include an embodiment effect ( la Solow but of smaller
magnitude), which makes capital’s explanatory role in growth bigger
than in Denison’s reasoning.

Denison divides capital into several categories, business plant
and equipment, housing, inventories, forcign capital, government
capital (which he ignores), and land. Tt is the first of thesc categories
which is the most important and interesting in economic growth.
The impact on growth of cach component of Denison’s capital
measure is shown in Table 3.

Enterprise Plant and Equipment

His estimates for enterprise plant and equipment are shown in
Table 4. They can be viewed as the result of three components:
(a) the size of the initial stock of capital in 1950 (which must be
subject to substantial error in view of our rather limited knowledge
capital formation, war damage, lives of assets, etc. in the 30 years or
so before 1950); (b) the amount of capital formation between mid-
1950 and mid-1g62; (c) the amount of capital scrapped from mid-
1950 to mid-1962. '

The results are rather sensitive to errors in the estimate of the
initial capital stock in 1950. It can be seen in column 1 of Table 4
that Denison’s preferred estimate of the 1950 capital stock in the
U.S.A. is well below that in any European country (in refation to
output),’? and the estimate for Norway is very high. It may be that
these differences are an accurate representation of reality, but there
is room for considerable scepticism on this point. If the estimates
were all built up by the perpetual inventory method and there were
good data on capital formation for a few decades and good price
indices; the figures would be reasonably comparable only if the basic
procedures in relation to the assumed life of assets, retirement
patterns (ie. distribution of service lives around the mean life),

32 I have shown the figures in relation to G.N.F. whescas Denison’s output concept
is national income, but this does not affect the argument.
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TABLE 3

COMPONENTS OF DENISON’S ESTIMATE OF THE IMPACT
OF CAPITAL ON INCOME GROWTH 1g50-62

annual percentage point contribution to growth

Business Plant .
and Equipment Other Capital
Increase
in Reduc-
Total stock | o, tion in
of in a.g%: ﬁvcrag < " Interna-
Business of l’g‘fmcl'[ Di.: Cs = | tiomal Inven- Land
Pl:;m Capacly . 3 Assets tories
i Equip-
i s
Belgiom . . . . . 0.41 39 a0 G0 02 —.0b | .06 00
Denmark . . . . . 099 .65 .00 04 a3 02 [ .15 .00
France . . . . . . 0.78 35 .00 00 .02 02 | .Ig 00
Germany . . . . . 1.69 | .1.00 26 04 14 —o8 | .33 00
Ttaly . . . . . .. 0.6g 53 00 00 w7 | —o3 | a2 a0
Netherlands . . . . 1.03 65 00 00 .06 Jo | a2z .00
Notway . . . . . . 0.93 79 00 .04 .04 —o7 | .13 00
United Kingdom . . 051 43 .00 .00 .04 —.05 | .09 00
United States . . . . 0.83 43 00 .00 25 .05 | .0 .00

Source: E.T. Denison, op. cit.

TABLL 4

DENISON’S ESTIMATES OF THE GROSS AND NET STOCK OF ENTERPRISE
STRUCTURES AND EQUIPMENT IN 1950 AND 1962

Gross Gross Net Net
_‘,Im;: 1];? slx;gg i:: stock J.-n stack m Average
] 1650

rcglzltion relation ?;3: w;lfl ;{‘%Sﬂ[i(;-: icglfl::u;rl: ?::; w;? ‘E;?:vgfl

6N | onp |som sk | G | G | et stock | gross and

tigdo (1650 950-62 1650 (rg50 1950-62 | net stocks

GNP | GNP Kp | GNP 1950-Ga

=100) =100) =100) =100}
Belgium . 2 2931 2. 116 .
Denmark . . . (x;;) (323.3) (4%) 94 ig‘gf zg ;9@
France . . . . . 199 305.6 3.6 105 1755 43 3.3
Germany . . . . 233 4415 5.5 133 295.8 6.9 6.19
Italy (@) . . . . {22g) (349.9) (3.6) 125 1987 4.0 3.75
Netherlands . . . (263) (431.1) (4.2} 143 256.7 5.0 '60
Notway . . . . | (as) | (s662) | (12) 87 | 3385 | 51 ve
United Kingdom . 199. 284.1 3.0 103 168.0 4.2 ¥ g
United States . 140 216.8 . : 3

4 37 75 117.5 3-8 374

(a) Excludes agriculture,

Source: The basic data are all from E.F, Dunwson, Why Growth Rates Differ, but

co!ut}':ns T, 2, 4 and 5 are expressed in relation to 1g50 G.N.P, on the basis of G.N.P. figures
published by O.E.CD.
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depreciation rates (in the case of estimates of net stock) or degree of
detail in the classification of assets' were similar. In fact, there were
big differences in these respects between the estimates used by
Denison. The European estimates are based on service lives much
longer than those assumed for the U.S.A*» This is a major reason
why the European capital-output ratios in 1950 were above those in
the U.S.A. Apart from this, there are other likely sources of crror,
such as the fact that Norwegian estimates of capital formation (and
of capital stock) tend' to be bigger than those elsewhere because
Norwegian statisticians treat repair and maintenance as capital
formation, and Denison has not adjusted for this.

In appendix A, I have made crude estimates of capital formation
between 1920 and 1g62 in seven countries in order to get a rough
crosscheck on Denison’s figures. I have assumed that all assets have
a life of exactly 30 years. I have made an allowance for war damage.
My figures include government capital whereas Denison’s do not.
By cumulating capital formation from mid-1920 to mid-1g50, I
arrived at the figures for capital stock in 1950 which are shown in
Table 5 compared with Denison’s. The individual country figures
differ a good deal in some cases, but the average for the seven
countries 1s not much different from Denison’s. Given the crudeness
of the estimates, | feel it is safer to assume that the g50 ratio of
capital to output was the same in all countries, rather than use either
his crude figures or mine.

TasLE 5
GROSS NON RESIDENTIAL FIXED CAPITAL S$TOCK IN 1950
IN RELATION TO G.N.P,
Maddison Denison

(Includes general
gavernment capital)

{Exludes general
government capital)

Denmatk , . . . . . . . . 189 173
Franee . . . . . . L 236 199
Germany - . . . . ... : 193 233
Ialy . . . . . . . . . . 272 229
Norway . . .. . . .« . . . 253 344
UkK.. . . . < . . . .. 41 199
USA . .+ .« .« . . . . 195 140

Seurce: Maddison derived from Appendix A, Denison from Table 4 above.

33 Dentson, op. cit, D. 425 gives figutes which suggest that German and British
assumed service lives are twice as long as in the U.S.A. for equipment, :
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The second problem is the accuracy of the cstimate for capital
formation in the period 1950-62. Denison used a variety of national
sources with big differences in estimating procedure, In Germany,
for instance, the procedure seems to assume changes in the average
life of assets* This may be perfectly valid, but will distort the
comparison if a similar assumption is not made for the other coun-
tries. In view of these problems, I made my own simple estimates
of capital formation (and discards) from 1950 to 1962 as shown in
Table 6. Government assets are included. My procedure is crude
because it has no breakdown by type of assct, it assumes that all
assets have a 3o-year life (with no variation in the retirement pattern)
and that there is no deterioration in assets before they are scrapped.
I assumed that a third of the 1950 assets were discarded from mid-
1950 to mid-1g62 (this is the average relation, for the seven countries
with data, of the proportion of 1920-32 investment to 1920-50
investment). However, it has the advantage that the procedures are
completely explicit and comparable, '

TABLE 6

ALTERNATE ESTIMATE OF THE GROWTH OF GROSS CAPITAL STOCK
1950 TO MID 1962

Alternate

estimate of Gross Assurced

gross caplal | increment to |discards from | Estimated | Growth rate

stock in 1g50 | capital stock | 1950 stock 1962 pross of gross

(including | mid 1950 to | mid-1950 | capital stock | capital stock

government | mid 1962 as | to mid-rgéz |as percont of | mid-1950 to

capital) as | porcent of (=.33 of | 5950 G.N.P. [ mid-xg62

percent of | 1950 G.NLP. [ 1950 stock)

1950 G.N.P.
Belgium . 210 185.4 653 326.1 37
Denmatk . . . . . . . 210 209.0 6g.3 3497 4.3
France . , e e 210 2252 69.3 365.9 4
Germany . . . . . . . 210 343.8 69.3 484.5 7.2
Italy . . ... . . . .. 210 261.2 60,3 4019 5.6
Nethetlands . . . . . . 210 296.0 6g.3 436.7 6.3
Notway . . . . . . . . 210 | 3275 9.3 468.2 6.9
UK . . .. ... 210 166.2 69.3 306.9 3.2
USA . . . . .« 210 1975 69.3 3382 4.0

Source: See Appendix A,

34 I am not sure of this, as Denison used unpublished estimates of Kirner, to which
I have not had access. But Kirner's later published figures did assume a change in the life
of assets, see W. Kmnun, Zeitrethen fiir das Anlagevermigen der Wirtschaftsbereiche in der
Bundesrepublik  Deutschland, DIW., Berlin, 1p68,
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The estimates are summarised in Table 6. The first column
represents non-residential gross fixed capital stock (including govern-
ment investment) in 1950. The second shows cumulated invest-
ment from mid-tg50 to mid-1g62. The third entry is a crude
estimate of the assumed discards (ie. the capital of mid-1920 to
mid-1g32). The difference between my estimates and Denison’s can
be seen by comparing Tables 4 and 6. For the UK. and U.S.A. the
figures for growth in gross capital stock are similar, but for all

the other countries except Denmark, my figures are higher. The

average for the nine countries is 5.1 per cent annual growth compared
with Denison’s 3.9 per cent for gross stock (and the 4.3 per cent
average for gross and net stock which he used).

Age of Capital and the Rate of Embodied Technical Progress

Denison makes no general adjustment for differences in vintages
of capital, and assumes that virtually all technical progress is dis-
embodied. He does not reject the embodiment hypothesis in prin-
ciple, and incorporates a partial vintage improvement in countries
where he believes that there was a change in the average age® of
the capital stock, ie. Denmark, Germany and Norway. To me,
this seems inconsistent. Once one admits that the quality of capital
is affected by its age, one has accepted the essence of the Solow-
Salter vintage argument, and it would seem logical to include the
whole impact of the embodiment effect.

In any case, 1 think Denison is wrong in assuming that the
change in average age was important only in Denmark, Germany
and Norway. He made this assumption by comparing rates of

‘capital formation in 1g50-62, whereas he needed longer-run historical

evidence to justify such a conclusion. My own calculations suggest
that the change in age structure was bigger in France, Italy and the
United States than it was in Denmark and it was bigger in France
than it was in Germany (see Table 7).

Although I disagree with Denison’s partial embodiment pro-
cedure, T think his suggested 2 per cent rate of embodiment is
reasonable. He argues that the upper limit on the rate of embodied
technical progress can be inferred from the average service lives of

35 He defines change in average age in narrow sense, Le after eliminating changes
in the distribution of capital between buildings and equipment.
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TasLe %

CHANGE IN THE AVERAGE AGE COF THE NON-RESIDENTIAL
FIXED CAPITAL STOCK 1g50-62 '

1950 1962
Average Average
Age in years Age in years

Denmark . . . . . . .. 13.2 ILO
France . . . . . . . . . 142 LI
Getmany . . . . . .« . 13.6 10,1
Italy . . . . . - . . . . 14-3 N5
Norway . . . . . . . . . 12.1 10.3
UK. . . . . . .0 125 107
Usa . . . 00 0. 13.9 TL.I

Source: derived from Appendix A (figures for Belgium and the Netherlands werc
not available).

capital goods * which leads him to reject the higher rates of embodied
progress which Solow had suggested.

Table 8 shows the result of embodying Denison’s 2 per cent rate
of technical progress, assuming that progress proceeded at the same
rate over the whole period 1920-62. The result is shown in the last
column of Table 8 which rises a good deal faster than the last
column of Table 6, i.e. by an average of %7 per cent a year instead
of 5.1 per cent.

Table g shows my final adjustment to Denison’s figures. I have
tried to explain growth of GN.P. by showing movements in gross
capital stock, and I use the share of capital in GIN.P. as a weight.
He explains growth of national income, shows the movement in the
weighted average of gross and net capital stock, and uses the share
of capital in national income as a weight. The other difference is
that I include government capital, have added an imputation of
income from government capital to GN.P,, and expressed the share
of capital (including government capital) in this augmented G.N.P.
As a result, I give a weight to capital formation which is much

bigger than Denison does (compare second and first columns of
Table g). ‘

36 If technical progress is embodied, replacement will take place largely because of
obsolescence, and will occur when operating costs of old equipment exceed the cost of new
equipment to replace it.
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TasLe 8

ALTERNATE ESTIMATES OF THE GROWTH OF GROSS CAPITAL STOCK 1950-62
ASSUMING 2 PER CENT EXPONENTIAL EMBODIED TECHNICAL PROGRESS

Alternate Assumed
estimate G discard
of quality . WOSg iscards
adiusted increment from 1950 Estimated
T | to quality quality rots ommtity | Growth rate
gross cap adjusted adjusted 902 QUALLY | of peoss
stock in ; . adjusted .
capital stock | capieal stock ital stock capital stock
: 119-30. mid-1950 to | from mid | C2PIA ;gcof mid 1950 to
inciu mg‘ mid-1g6z as 1950 to as pu:rg.:N P mid 1962
gg:;;;?’::n percent of mid 1962 1950 GuNLE .
percent of | 195° GNP, | (=1/4 of
i956 GNP, 1050 stock)
Belgium . 163 212,17 40.8 334:3 .62
Denmark 163 219.5 40.8 3617 69
France . . . ., . . . . 163 258.4 408 3806 73
Germany . ., . . . . 163 389.8 408 512.0 10.0 -
Iraly . . . . . . ... 163 299.7 40.8 4219 82
. Netherlands . . . . . .. 163 3364 40.8 461.6 9.1
Notway . . . . . . . . 163 3742 40.8 496'4. 9.7
UK. . . ... ... 163 1963 | 408 312.5" 5.6
USaA .. .0 .. 163 2240 40.8 346.2 6.5

Source: First column is the average figure for mid-1950 capital stock based .on
cumulation of ffth column of Appendix A for seven countries for mid-r920 to mid-1950 and
an allowance for war damage. See Appendix A. Third column is based on assumption
that discards amounted to a quarter of the 1950 capital stock' (this is the average ratio
of the 1920-32 capital increments to the rggo stock deriyed from Appendix A).

The net result of these modifications is to give capital a con-
siderably higher weight in explaining economic growth than does
Denison, as is apparent from Table g. Our alternate estimate of the
impact of capital “ explains ” three times as much growth on average
for the nine countries as Denison’s.

Use of Capacity

‘There are other aspects of capital measurement worth considera-
tion. Jorgenson and Griliches stress the importance of varjations in
capacity use. Denison considers their procedure defective and rejects
their adjustment for the U.S.A. (correctly, I think). In Why Growth
Rates Differ, he makes a capacity adjustment only for Germany,
This is not a normal capacity adjustment, but reflects the boost to

. "’?;-. e
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TabLE g
ESTIMATES OF THE CONTRIBUTION OF ENTERPRISE PLANT
AND EQUIPMENT AND OF NON-RESIDENTIAL FIXED CADPITAL
FORMATION TO ECONOMIC GROWTH 1950-62
7 Alternate - Alwernat
i ernate
ff}“g:ﬂ;: “cstimate of
Mon- “Drenison’s Capital _ percentage
Enterprise Nesidential estimate * Stock Denison® Foint con-
Plant and Fixed of Capital Growth - c::’i:;‘;[t]cs - tribution
Eqcipment Capiial Stock Rate of annual uf_(ll\fun—
percentage | Formation's | Growth {non-resi- 9% anpt Residential
share of Percentage Rate dential Pﬂ.'c‘ém"gt Fixed
natfonal Share.of | (average of | struotres | BiUh. S Gapital
income Auginented |gross and net) & entex: & o o Growth
average .of G.N.P, (enterprise | equipment) : pl f.': assuming
all years average of structures assumling carp 1 hD 2 percent
1950-62 all years and 2 percent growt Eé‘m?{ﬂgjl
1950-62 equipmenr) c:;t:;c{:jn};i;l Tochnical
technical - Progress
progress
Belgium . . . 132 285.1 2'_9 _6.2 39 156
Denmark . . 12.2 205 5.4 R B 141
France . . . 13.8 242 40 7.3 55 1 Ly
Germany . . 16.2 204" 6.2 10.0 100 2.4
Ialy . . . . 14.1 23.8 2.8 82 53 [ 1es
Netherlands. . | rga2 24.4 . 4.6 oI b5 2.22
Norway . . . 16,4 28.4 47 9.7 78 275
UK., . . .. 11.9 20,5 2.6 5.6 43 .15
UsA, . . 1.2 20.8 3.7 6.5 -43 1.35

Source: Column 1 is from Duwisen, ep. cit, p. 38, Column 3 is from Drmison,
op. ¢it, p. 190, Column g is from DinmsoN, op. e, p. 140, In column 2, depreciation has
beer added to both numerator and denominator. Depreciation on enterprise . plant and
equipment is assumed to be equal to 8o per cent of depreciation as recorded in OE.C.D.
National Accounts Statistics for 1950-62, The numerator of column 2 was further adjusted
upwatds by 20 per cent to allow for imputed rentals on government capital, and the relevant
amount (about 4 per cent of GNP} is added to the denominator. Column 4 is taken
from Table 8.

capacity derived from reactivation of war damaged plant and équip—
ment. The procedure seems reasonable, but I would add 50 points

- a year to growth instead of Denison’s .26 because the capacity item

(like other capital inputs) gets a higher weight in my accounting,
I have assumed an equal but opposite effect in Norway where a good
deal of investment in the 1g50s added little to output until the 1g60s”

37 See O.E.CD. Economic Survey, Norway Paris, January 1gyz, p. 10,
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Other Possible Adjustments to the Measure of Non-Residential Fixed
Capital ‘

There are other possible adjustments to the measure of capital
stock which are worth further exploration. It would be useful to
break down the vintage effect separately for construction and for
machinery and equipment.- As the structure of capital formation
changes over time and between countries, this would have quite an
impact on the estimates. Furthermore, we need to deepen the study
of the forces which determine the rate of technical progress. The
rate of technical progress may be higher now than in prewar years,
which means that the accelerated rate of capital formation in Europe
has had an even bigger impact on growth than we have shown.
There are a number of different theories on what determines the
rate of progress. Schumpeter’s theory was one of spontaneoﬁs waves
of innovation, others make technical progress a function of time
and Kaldor * argues that technical progress is influenced by the rate
of investment itself. I think Kaldor is right but the relationship
probably applies on a world level, so that for any given country,
unless it is a giant like the U.S.A., the rate of progress would appear
to be a function of time rather than of the rate of investment.
Increased spending on research and development and the increased
stock of educated people may also have speeded up progress. In
spite of all these positive influences, the realised rate of technical
progress may be not very different from that in prewar years, because
we arc operating at much higher levels of capital formation. All of
these activities may have simply scrved to offset the diminishing
returns which one might normally have expected at the very high
postwar levels of capital formation.

Other Types of Capital

Denison’s measures of the impact of inventories and foreign
investment do not call for methodological comment here. The only
change I have made is to calculate these items in terms of their
contribution to G.N.P. instead of to national income.

38 See N. Kawpor and J.A. Mimruzes, “A New Model of Economic Growth®,
Review of Economic Studies, Tune 1962, :
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1V. Labour Input

The component elements of Denison’s estimate of labour’s con-
tribution to growth are shown in Table 10. The biggest items are
the rise in employment and in education. The other elements are
the adjustment for hours, for work intensity, changes in age-sex
composition and the adjustment to input to allow for the fact Fhat
output 1is measured by proxy employment indicators. Denison
multiplies the first six components of Table 10 by column 7 to show
their net contribution to income, which is shown in column 8.

Employment

Denison’s employment estimates are derived from the O.E.C.D.

-publication, Manpower Statistics, which presents data in more com-

parable form than is available anywhere ¢lse. However, no figures
were available for 1950 for Italy and France, for which Denison
had to make his own guess. In the case of Italy, my guess for 1g50
is considerably different from his, Table 11 compares Denison’s
employment figures with my alternate estimates which are based on
later data.

Aﬁnual Hours per Employee

Denison’s adjustment for changes in annual working hours per
employee reflects the net effect of changes in weekly working hours,
holidays, absenteeism because of strikes, sickness, and bad weather.
As the information on hours is rather shaky and Denison’s procedure
is not completely explicit I preferred to substitute my own estimates
for Denison’s in the case of France, Germany and Italy.

Work Intensity

Denison asserts that there is a compensatory increase in work
intensity which partially offsets declines in working hours. He
assumes that above 2,529 hours a year, reductions in work time are
fully compensated by increased work intensity, and below 1,762
hours a year there is no offset. In between, there is a varying and
partial offset.

Denison first presented this compensatory formula in The
Sources of Ecomomic Growth in 1962, and by virtue of frequent
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TABLE 10

COMPONENTS OF DENISON’S CALCULATION OF THE CONTRIBUTION
OF LABOUR TO OQUTPUT 1g50-62

: 4 Impact
ct of ; . . Total
e ;;nge ch:.mge Imgfa"t Adjustmeng Share annual
Growth | Intensity averaue in d to allow for of percentage
rate of | of EE | age-sex | SOUA i
annual 5 o measurement | labour | point cou.
cmploy- | labour. | 4N | com- on" of output by | ia na- | uibudon -
ment effort per positlon | abour | emPioyment [ donal 1 -of labour
employee lagjo)ur quality indicators | income i;ﬁL::”]llc
quality '
%c]glur?\k A 55 | 024 | - 49 I | a3 —.13 7.9 0.76
enma - 03 | 024 — 33| —.a1 22 03 75.2 059
France . . . JI | ooz — .06 a6 | .46 —.I1 7.0 0.45
Germany . . 200 | 058 | —1.02 o6 | 19 .03 734 1.37
Ialy . . . . 56 | 028 | — 37 a6 | bg —.01 72.0 .96
Netherlands . Los | 016 | — 42 OI ] .40 —.03 74.0 c.87
Ncizway e a8 | e1g | — 44 —a1| 42 —.0K 741 018
EIS W 65 o7 | — 30 —cb | 45 —.03 7.8 o.b0
SA L L .14 o002 | = 27| —I15| 43 —.05 48.6 "Iz

Source: Column 1 from Densown, op. ¢if, p. 199; column 2, p. 66; columns 2-5
from p. 190 bIowln up by the proportions shown on p. 188 (Table 15-1 column 3);
column § is the difference between the total of columns 2-5 as shown here and the total

of the same columns as shown by Denison on p, 1ge; column % is from Drnwon, op. i, -

p. 38.
EMPLOYMENT IN 1g950. AND 1962 TABLE 11

Denison’s Estimates Alternate Estimaces Estimates Compared
0008 0008 1950-62 (1950 =Ic0)
1950 1962 1950 1962 Denison | Alternate

Belgiuvm . . . :
SRR 3371 | 33598 | 3371 | 3641 | 1067 | 1080
Erc;nmark e e e ( 1,973) 2,210 1,980 2,210 1117 1116
e . e . 1G,24 19,507 | (19,000} | 19,622 101, 103.2
Germany (FR.+W.B) . 2,106 | 26,783 | anofo | 26,83 :26.3 11;.1
ll\t]al% e (18,868) | z0,18g | (16,985) } 20,189 107.0 118.9
Net erlands . . . . . . 3,783 4200 3,815 4328 113.3 I12.9
ol:Wgy S e e 1,468 1,499 1,455 1,463 1021 | 1005
United Kingdom . . . . (23,260) | 25148 | 23,229 | 25214 108.1 1085
United States ., . . . . 61,669 | 70,073 | 61660 | 70673 1146 114.6

Sources: For 1950 both cstimates are based on national sources and OE.CD.,
Munpower Statistics 1950-62, Paris 196, The latter is incomplete in some respects and the
figures for Italy and France had to be estimated. The alternate estimates shown are the
estimates I made when I wrote Economie Gromth in the West. 'They are significantly
dxlffcrcnt only for Italy, Denison’s figures for 1950 are taken from Denmon, ep. cif, p. 46
ad]l.llsted upwards”for Germany to ‘include the Saar and W, Berlin, fot the United States
to include Hawaii and Alaska (p, 52). The figures in brackets indicate where estimates
were made, For 1y6a Denison took his figures from QFR.CD., Manpower Statistics 1954-64;
the alternare estimates are from the 1958-6y edition, The differences are not significant.
In the case of the United States Denison uses a different series from O.E.C.ID, which
shows a Righer level of employment but a similer trend and I have used the same figures

as Denison. For 1962 for Denmark OE.C.D. does not give a figure and I have used
Denisen’s.

O
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repetition, it is now'aiccepted in many places as axiomatic. - But in
historical perspective the idea: seenis implausible. In 1870, the work-
ing year was about 3,200 hours in the countries considered.” The
alleged change in work intensity from 1870 to the level at which he
postulates disappearance of the phenomenen amounts to- more than
0 per cent. It scems extremely unlikely that work - habits have
changed in this way. As people get used to longer holidays, a two
day break at weckends and shorter weekly hours, the familiarity
with leisure may well induce more leisurely work practices. Certainly
a much bigger section of the population is able to take tea and coffee
breaks, or use the office telephone for personal business than was the
case a century ago, and most of them arc less scared of foremen and
overseers than were their grandfathers.

In the short term, a cut in working hours with no corresponding
wage reduction may stimulate: managerial efficiency, and workers
may even be persuaded to work harder. But these effects wear off.
Most of the labour force today have no recollection of a 50 or 60 hour
wotk week and managers are not always on their toes. The major
compensatory result of the reduction in working hours on labour
input in the long term has probably been a reduction in fatigue and
an increase in life expectation. But these effects figure elsewhere
in the account. 1 thercfore reject the notion that there is any long-
term functional relation between working hours and work intensity.
I simply assume that cuts in working hours lead to an equipropor-
tionate cut in labour input.

However, there may be substantial variations in work intensity
between countrics for socio-cultural, climatic or nutritional reasons,
and variations over time due to-changes in the degree of competition
and national aspirations. Denison himself has remarked that work
intensity has an importance beyond that which he has quantified.®©
Leibenstein argues that most economics normally work with a
certain amount of slack rather than at the boundary of their produc-
tion potential, both in terms of labour and managerial effort# I£

39 See A. Mappison, Economic Gowth in the West, Appendix G,

40 See Dhis contribution to R.E. Caves, ed., Brimin’s Economic Prospects, Allen and
Unwin, London, 1968, . :

41 See H. Lemswst, “ Allocative Efficiency vs. ‘X-efficiency’ *, American Heonomic
Review, June 1966, and “Organisational or Frictional Equilibria, X-Efficiency, and the
Rate of Innovation®, Quarterly Journal of Economics, November 1g6y.
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this slack were only half of what Denison postulates, e.g. if work
and managerial intensity are “ normally ” expandable by 25 per cent,
then measures which sharply increase competition (e.g. tariff reduc-
tion) may produce an unexpectedly large output bonus by mobilising
this idle potential® Similarly, we may assume that Germans
worked harder than most people in the 1g50s because they wanted
to restore previous living standards and rebuild their assets. In the
1gbos, they may have worked less hard. Unfortunately, there is no
real evidence for judging the importance of this phenomenon.

Age and Sex

Denison adjusts for differences in quality of labour because of
changes in employment by sex and age, using relative wage rates as
adjustment factors. This scems reasonable, though wage differentials
between sexes are influenced by legislative and institutional factors
as well as productivity differences, and there are substantial fringe
benefits which appear to be excluded from Denison’s weighting
procedure. There are also differences between countries in the
measurement of family workers, female and part-time labour, part-
icularly in agriculture® Nevertheless we have accepted Denison’s
adjustment for this item.

Measurement Conventions

Denison felt he had to adjust his qualitative changes in labour
supply downwards because of the national accounting convention of
using changes in employment (unadjusted for quality) in some
sectors as a proxy measure for changes in output. The adjustment is
both crude and small; I do not think it is worth making.

42 See H. Mymr, “The Classical Theory of International Trade and the Under-
developed Countries », Econemic Jeurnal, June 1958, who made a similar point about the
initial impact of international trade in South East Asia. Myint appeared to be dealing
with & special case, but it may simply have been an extrome example of a general case.

43 8ec my discussion of this point in *Comparative Productivity Levels in the
Developed Ceuntries ¥, this Review, December 1967,
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Education

Denison’s major adjustment for labour quality is for formal
education. He divides the labour force into up to ten groups accord-
ing to length of education. Each group is given a weight based on
empirical evidence of its apparent earning power. The observed
range of variation in income between people with no education and
those with four years of college is about 1: 4.7 in the U.S.A. Denison
reduces the variation by 40 per cent to discount for variations in
income due to differences in intelligence and social background.
In general, he measures the length of education in years, but for
the UK. and U.S.A. he adjusts for increase in attendance rates and
in cffect measures education in days. I think this is misleading
because there were probably similar changes in several other coun-
tries. I have therefore offsct his adjustment in my alternate estimate.

Griliches has argued against Denison’s 40 per cent downward
adjustment for the following reasons.” Ability in its economically
useful form is itself largely the product of learning. The genetic pool
has never shown signs of running dry, and intelligence has not been
a scarce resource constraining economic growth. If it had been, the
average quality of graduates would have declined as they grew in
number relative to the total population, but there is no evidence of
decline in academic achievement or in incomes of graduates. On
Denison’s other point, parental influence, Griliches argues that it
aperates mainly via education — the willingness and ability to bear
direct costs or to sacrifice student carnings foregone. In any case the
parental characteristic most influential in academic achievement is
parental education: thus Griliches concludes that no downward
adjustment should be made for ability and parental education.

Denison’s adjustment is confined to formal education and does
not include items such as on-thejob training. Much less is known
about this than about formal education, but Denison argues and

44 Denison assumes that the quality of a year of education in one country is as
good as that elsewhere. The point is not impottant in considering trend movements but
it is interesting to note the tesults of an internaticnal study of school achievement which
suggests significant national differences. See T, Hustn, ed., International Study of Achieve-
ment in Mathematics, vol. 11, Wiley, New York, 1967, pp. 22-25. At all levels, U.S. students
scoted below average in this 1z-country study,

45 See 7. Griuicuss, ¥ Notes on the Role of Education in Production Functions and
Growth Accounting®, in W.L. Hawsen, ed, Education, Income and Human Capital,
N.BER., Columbia University Press, New York, 1g7o.
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proves that organised on-thejob training schemes are much less
important than formal education. However, if we define on-the-job
trainidg-tc' include learning from experience it becomes much more
important, Mincer has inferred the magnitude of these two items in
the U.S.A. from  information on earnings foregone. He -assumes
that the degrce to which younger workers earn less than older ones
reflects indirect payments they. make to firms for training and the
acquisition of experience.. He estimates that the two items combined
afe about as important as formal education® If the state of know-
ledge were not increasing and the labour force were static, the net

‘ ThpLE 12
ALTERNATE ESTIMATES OF THE CONTRIBUTION
OF LABOUR TO OUTPUT 1g¢50-62
Alternate
" F:;ﬁaﬂ : E:s{:ilhmte
Chan, of "change mpact of labour":
S’;& w‘:l; in qvmi(;;e in age«sﬁx of cguca— lihb:;i ?i annnal ¢
cimploy- annual composi- [ tion en | mented | POrcentage
mPo¥" | hours per | tionan | labour N point
employee labour quality i contribu-
: quality tion to
growth
Belgivm . . . . . . . 0.64 —.49 14 1,22 63.1 95
Depmark . . . . . 092 —.53 —.II 37 66.7 43
Prapee . . . . . . . o2y |- .ar .16 77 65.8 86
Germany , . . . . . . 202 | =.70 06 .32 63.1 107
maly ... ... .. 145 —.03 16 L5 62.3 1470
Nethetlands . . . . . . .01 — 42 01 b7 63.4 R
Norway e 0.05 —.44 —.I1 .68 6r.2 .11
United Kingdom . . . . 0.6g —-.30 —.06 63 68.6 .66
United States . . . . . 1.14 —.27 -.15 8o 68.4 . B4

Sonrce: Pirst column is from Table 11 above. Second column from Denison, p. 66
{column 12 of his Table 6-6 divided by column ), except for France, Germany and Italy
where T used the sources cited in my book, Economic Growth in the West, Appendix G.
Third column is from Denison (see my table 10 above). Fourth column is Denison’s
education adjustment blown up by two thirds (in the case of the UK, and US.A, i have
removed Denison’s adjustment for increased school attendance), Fifth column is detived
by the procedures described in my Table g above.

46 See ]. Mimvcer, “On-the-job Training: Costs, Returns and Some Implications *,
Journal of Political Economy, October, 1962.

extent on the rate of capital formation,
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amount of learning from experience would be zero. Against the
learning process there is offsetting obsolescence and loss of skill by
older workers and in a static world this would fully offset new
learning. However, the net contribution of learning from ex-
perience to growth is substantial when knowledge is increasing.
It is in fact the counterpart of the embodiment effect assumed
for capital.” Pending further empirical evidence, 1 have assumed
that on-thejob training and learning from experience have a big
cnough effect to swing the balance in favour of Griliches procedures
for assessing the impact of education. T have therefore blown up
Denison’s estimate of the contribution of education by two-thirds
as a crude offset to his 40 per cent downward adjustment.

It seems likely that the supply of education is in excess of what
the economy “requires” at any given level of output. Economic
motivation is only one of the reasons for acquiring education; it is
highly subsidised so that private returns are bigger than social
returns, and there is a standby capacity of educated women and
older people who can be attracted into work if incentives change.
Hence, the relation of education to growth is a peculiarly subtie one.
But the Denisonian approach is probably an approximation to the
kind of forces which are operative, except in extreme cascs (perhaps
Germany in 1950) where the stock of education may be in such lavish
supply that additions to the stock are less relevant than changes in
its degree of utilisation.

V. Other Components of Growth

Denison explains “total factor productivity” in terms of four
identified items and a residual. These are (a) benefits resulting from
reduction of trade barriers; (b) economies of scale; (c) gains from
reallocation of labour; and (d) technical progress.

Benefits from Trade Liberalisation

Denison’s measure of the impact of trade liberalisation on growth
15 surprisingly small in view of the huge political effort involved in
creating the Common Market and in securing tariff reductions in

47 In fact, the scope for Jearning from experience probably depends to a considerable




242 Banca Nazionale de! Lavoro

G.AT.T. He is not the only author who gives a low weight to
the contribution of trade liberalisation,® but I think he understates
its importance.

For 195062 Denison estimates that reductions in trade barriers
made the following contribution to growth.

TABLE 13

DENISON’S ESTIMATE OF THE CONTRIBUTION
OF TRADE LIBERALISATION TO GROWTH
average annual percentage point contribution to growth of income
Belgiom . . . . . . . 016 Netherlands . . . . . . 0.16
Denmark . . . 0 . . 0.09 Norway . « - « .« - . c.15
France . . . . . . . 0.07 Unijted Kingdom . . . . 0.02
Germany . . . . . . a.10 United States , . . . . 0.00
Ialy . . - - . . .. 0.16

He arrives at these estimates by assuming that cost differentials
were two-thirds as high as tariff barriers, i.c. that domestic production
behind a 15 per cent tariff wall would, on average, involve 10 per
cent higher costs than free trade. The gain from trade is two-thirds
of the tariff reduction multiplied by the increase in the trade ratios.
He used estimates of nominal tariff levels, but it is preferable to use
“ effective ” tariffs, which measure the net incidence of protection on
value added, and therefore give a more accurate picture of possible
cost differentials. As final goods get greater protection than raw
materials, the “ effective ” rate is generally higher than the nominal
one. Use of effective racher than nominal rates would Probably raise

48 Scc The Effects of EF.T.A. on ihe Economies of Member States, E.ET.A., Geneva,

1969, and T. Scrrovsky, Economic Theory and Western European Integration, Stanford,

1958. T have set out my own ¥iews in a paper included in C.P, KinpresErcer and A. SHon-
rietn, eds., Nerth American and Western Buropean Economic Policies, Macmillan, Len-
don, 1971

49 Denison does not caleulate the gain for 1gs5o-55 but assumes that its impact was
at the same rate as in 1955-6z {which he does measure). In fact, it is [ikely that the gains
weze bigger from 1950-55 than in the latter period, The rg30-55 gains reflected the effect
of other factors rather than the direct impact of trade according to Denisom, p. a6z, But
here he strays into a discussion of ultimate rather than proximate causality which. is equally
applicable to other parts of his argument.
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Denison’s estimates by about threequarters® Denison takes no
account of quantitative restrictions which were impoitant in 1950
and had largely disappeared for non-agricultural items by 1962
(sec Table 14). The removal of these barriers had a big effect on the
efficiency of resource allocation in the rg50s. So it would probably
be safe to assume that the primary effect of reducing trade barriers
was at least twice as large as Denison postulates.

Tasrs 14

CHANGING INCIDENCE OF QUANTITATIVE RESTRICTIONS ON TRADE
WITHIN EUROPE AND WITH THE DOLLAR AREA IN THE 1g50s

Percentage Percentage
of intra-Furopean trade of dollar area trade subject
subject to quota restrictions to quota restrictions
3¢ June 1950 30 Jung 1661 1 January 1953 1 May 196
Belgiom . . . . . . 44 3 43 6
Denmark . . . . . . 47 5 99 3
France . . . . . . . 42 1 100 12
Germany . . . . . - 53 7 1ce 13
Ttaly . . . . . . . . 406 2 100 10
Netherlands . . . . . 45 3 43 6
Norway . . . . . . (4 15 100 9
UK., . . o o o 43 2 a3 7

Source: Twelfth Anniual Economic Review, OEE.C., 1961,

Denison. makes a substantial allowance for economies of scale,
but does not allocate these to the sectors of the economy in which
they originated. If we are to give trade its rightful importance in
growth, we must allocate to it the scale effects for which it was
responsible. We assume therefore that scale effects were distributed
evenly over different categories of demand and we derive the estimate

50 Sec B. Bavassa, * Tariff Protection in Industrial Countries. An Evaluation®, fouraal
of Political Economy, December 19865,
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of scale economies arising from trade shown in Table 15. These
gains arc large and are biggest in the small countries where trade is

most important. -
TABLE 15

IMPACT OF SCALE ECONOMIES ON GAINS FROM TRADE 1g50-62

Output gains from c[;;iignfoggr:;v‘:rl:hotff I'Iznpmit on output
e onal el | GNP R SO | Ciing from wrade
Belgivm . . . . . . . . +165 Gr.2 10
Denmark . . . .« . . . 175 43.8 .08
France . . . . . . . . 220 14.9 .03
Germany . . . . . . . 3135 24.8 .08
Italy . . . . . . . .. 275 25.9 Rerd
Netherlands ., . . . . . 240 5.9 a8
Notway . . . . . « . . Ig0 6o.2 1
UK, . . . . . . .. 10 20.8 .02
USA . . . . . . .. .I50 7.1 .01

In addition, trade liberalisation probably increased competition
and the intensity of managerial effort (or X-efficiency as Leibenstein
calls it). It is difficult to analyse the effects in any precise quantitative
way. They are felt both directly via traded goods and indirectly via
patential trade, Increased competition via international trade has also
increased the area of consumer choice. However, we have not made
any quantitative imputation of gains from this source.

Economies of Scale

Denison attaches major importance to economies of scale. There
are two components: (a) economies at the national level; (b) eco-
nomies in local markets”® The impact of these items is shown
below:

51 Denison has a third item, economies of scale associated with income elasticities,
which we have preferred to treat as a correction to measured growth (see Tables 1 and
2 above).
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TABLE 16

DENISON’S MEASURE OF THE CONTRIBUTICN OF ECONOMIES
OF SCALE TO INCOME GROWTH

annual percentage point contribution

Lconomies of scale | liconomies of seale

at the national level in local markets
Belgivm . .° . . . . . . . .33 07
Deamatk . . . . ., ., 25 o7
Franee . . . . . . . . A4 .07
Germany . . . . . . . . . 63 o7
Ttaly . . . . . . . . . .55 07
Netberlands . . . . . . . . 48 07
Norway . . . . . . . . 38 07
UK. . . . . . . . . . 22 .05
usa . . .0 0L .30 .06

Empirical evidence on returns to scale is particularly scarce, and
Denison’s estimates are guesses. The evidence is usually confined
to cross-section data for industry, and the magnitude of scale
economies is not large. Even at this level it is difhcult to segregate
the pure scale effect because of the large interfirm variations in
vintages of capital. On the economy level, scale economies are
even more difficult to isolate, particularly in time series. It is not
possible to distinguish scale movements along a given production
function from those which arise from neutral technical progress.
Griliches and Ringstad have found economies of scale in Norwegian
manufacturing of about .06 to .07 This is only half the size of
Denison’s cocflicient even though it applies to a sector of the economy

‘where scale economies are most likely to occur.

Economies of scale figure importantly in several theories of
economic growth, particularly the vicious and virtuous circle theories,
where a high growth momentum contains a large self-generating
element. Recently Kaldor has put great emphasis on economies of

32 See 1.S. Baw, I'nduszrial Organisation, Wiley, New York, 1959 and [Internaiional
Differences in Industrial Structnre, Yale, 1966. :

33 8ec Z. Griwiecnrs and V. Rinostap, Ecomomies of Scale and the Form of the
Production Function, North Holland, Amsterdam, 1971
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scale, particularly in the industrial sector® The empirical material
which he uses to justify his emphasis on scale economies is a rather
naive correlation between output and productivity. As the growth
series are strongly intercorrelated, this approach may produce
misleading results, patticularly when the role of investment is vir-
tually ignored as an instrument for growth.

Beckerman and Lamfalussy have also developed theories of
export-led growth, They do not deny the importance of capital in
the process but they give a heavy though unspeciﬁed weight to
economies of scale”

My own feeling is that Denison probably exaggerates economies
of scale and 1 have cut his estimates by half.

Changes in Efficiency of Allocation of Labour

Denison has an important source of growth which he calls
removal of “excessive allocation of labour to farming and self-
employment *. Shifts of labour from low productivity jobs in agri-
culture to other parts of the economy have been regarded as an
important source of economic growth by several authors, who have
treated this kind of labour movement as providing some sort of free
bonus to the economy, quite different from the effect of job switching
within industry. Kindleberger regarded it as an important source
of growth in Furope in the rg50s. Its impact was stressed by a
group of O.E.CD. experts on agriculture, Kaldor considers the
absence of this factor as a cause of the slow growth of the United
Kingdom visA-vis the continental countries, and I emphasized its
role in my study of growth in the 195087

Denison’s procedure is more complex than that of most other
people who have analysed the problem, and it involves a double
calculation: ¥ (a) the contribution which labour released from agri-

54 See N. Kaupor, Causes of the Slow Rate of Economic Growth of the United
Kingdom, Cambridge, 1966, with its heavy stress on Verdoorn®’s law,

55 See W. Broksnman and Associates, The British Economy in 1975, Cambridge,
1965, particularly Chapter If; A, Lamravussy, The United Kingdom and the Six: An Essay
in Feonomic Crowth in Western Europe, Macmillan, London, 1963.

56 See C.P. Kinpresencer, Burope's Postwar Growth: The Role of Labour Supply,
Harvard, 1967; Agriculture and Economic Growth, QF.CD., Paris, 1967; N. Karnor, Causes
of the Slow Rate of Economic Growth of the Uniged Kingdom, Cambridge, 1666; A. Man-
pison, Economic Growth in the West,

57 See DeNIsON, op. cff, pp. 21I-IS5.

I
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culture makes to non-agricultural output (scaled down by 20-25 per
cent to allow for the fact that total inputs probably increased less
than labour); (b) the loss to farm output due to the withdrawal of
farm labour. For the United States, the United Kingdom, and
Denmark, he assumes that agricultural outpur fell by .33 per cent
for every 1 per cent fall in employment, in North-West Europe the
drop is assumed to be 25 per cent and in Italy zero. In addition,
Denison makes an adjustment for movement of labour out of self-
employment in non-agriculture, an adjustment which most other
authors have not attempted. T think it was useful to quantify this,
though the figures for sclf-employment outside agriculture are only
rough estimates. The only modification I have made of Denison’s
procedure is to reduce the impact of this item by the difference
between labout’s share of GN.P. and its share of national income.

Advances of Knowledge

The last identified item in Denison’s growth catalogue is ad-
vances in knowledge. This is often called disembodied technical
progress by other writers. Denison assumes that it is a function of
time and that its benefits are equal for all countries. The magnitude
he picks is 6 percentage points a year — a figure he choses for the
somewhat ethnocentric reason that it makes his residual for the
U.S.A. zero. My own assumption is that technical progress is all em-

bodied in either capital or labour and I make no allowance for
this item.

Residual

Denison’s residual is negative for Denmark, zero for the U.S.A,
and positive for the other countries. Hlis biggest residuals are for
France, Germany and Italy, suggesting that non-identified sources
of growth or errors of measurement are bigger in these countries
than elsewhere. In my alternate account, the residuals are different,
with negative figures for Belgium, Italy, the Netherlands, and
Norway, and positive residuals elsewhere.
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VI. Conclusions

The last lines of Tables 17 and 18 summarise the two sets of
accounts. In my accounting (like that of Jorgenson and Griliches)
factor input plays a much bigger role than for Denison. It explains
threequarters of growth whereas for him it represents less than half.
The important difference is that I give a much bigger weight to
capital (bigger than Denison’s figure for capital and disembodied
progress combined). Labour plays roughly the same explanatory
role in my analysis. Gains from trade are more important. They
are a quarter of total factor productivity in my analysis and _only
4 per cent in Denison’s. My average residual is smaller than Deni-
son’s, and the range of my residuals between countries is also smaller,

Whether one opts for Denison’s judgement, mine or something
else, there is still a good deal of scope for improving on the accounts
by further research within the framework of the Denisonian
model.® Promising lines for further investigation would be research

TARLE 17

SUMMARY STATEMENT OF DENISON’S EXPLANATION OF r1g5e-1962 GROWTH

annual average pefccntage point contribution to growth rate

: Eco- |y )

Output | Capital | Labour R;El 1}?;];{ ;iuorn EE :jlz “:g%::s D’l[:‘;::_ ;E:Eg ifd Residual

Belgium . . . 2.92 41 46 .35 6 40 76 08
Denmark . . 3.13 99 59 .58 .ag 42 56 —.32
France . . . 421 48 45 88 07 5r 76 o5
Germany . . 6.35 1.6y | 137 el X0 o o Be
Ialy . . . . 535 .69 56 L26 16 62 76 B9
Netherlands. . 429 | 1.03 &7 47 16 55 g6 44
Norway . . . 135 03 15 27 I5 45 76 .14
Ux. . ... 2.25 51 6o 10 02 27 76 .03
USA. ... | 336 83 | niz 29 00 36 6 .00
Average , . . 3.92 By R 62 10 51 26 31

58 In a recent article Denison has made a comprehensive statement of the main items
worth investigation. See E.F. Denmow, *Classification of Sources of Growth”, Review of
Income and Wenlth, March 1972,
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TapLe 18

SUMMARY STATEMENT OF ALTERNATE EXPLANATION OF rg50-1g62 GROWTH

annual average percentage point couatribution to growth rate

Mon-
residen . Gains | Non-trade
s Oths Reallocs .
Cutput i":)l(nc]d cnpif;l . Labour :? 12‘;:;2” gggz cﬁ:i?s Residual
caplral
Belgium . . . 3.04 1,56 .0g 95 .20 42 J0 —.38
Denmatk . . 335 L41 234 43 51 26 I3 24
France . . . 412 by 29 86 73 17 .23 05
Germany . . 6.38 314 41 1.07 77 28 27 44
Tealy . . ., 5.40 1.95 18 1.70 .09 .39 24 .15
Netherlands, . 409 2.22 A1 81 4o 50 .10 —.35
Norway . . . 361 | 2.25 a2 I B4 48 a2 —.I1
UK. . . .. 2.64 LIS a2 66 .09 06 12 44
(O . VR 3.45 1.35 46 84 .25 .01 1Y .37
Average . . . 4.01 1.87 25 B3 | 53 .29 B 06

Source: Column 1 derlved from Table r; column 2 from the last column of Table ¢
with .50 added to Germany and .50 subtracted from Norway for changes in capacity use;
column 3 represents the impact of dwellings, international assets and inventories (we used
Decnison’s figures modified to show the impact on GNP, rather than national income);
labour from last column of Table 12; rcallocation of labour is Denison’s figure scaled down
by difference between labour’s share in GNP, and in national income; gains from trade
is a doubling of Denison’s figure (my ‘Table 13) and incorporates the impact of scale
econornies arising from trade (my Table 15); non-trade scale effects is half of Denison’s
cconomies of scale (see my Table 16) minus econcmies of scale from trade (my Table 15).

into scrapping rates and changes in the lives of assets as a guide to
rates of technical progress. It would be helpful to have further
information on the size and impact of on-the-job training and on
wage profiles by level of education and training; on the dynamic
effects of European integration, and on economies of scale. Hypo-
theses could be tested more rigorously by extending the comparisons
backwards and strengthening the historical data. In the case of the
US.A., Denison, Kendrick, Jorgenson and Griliches have applied
this type of analysis to data for a much longer period, but little has
so far been done on the European data. I think Denison’s judgement
on Europe might have been different if he had had a longer time
perspective, for he might have given more weight to the postwar
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acceleration in growth rates and capital formation, which have no
counterpart in the U.S. experience he analysed carlier. Hypotheses
can be further tested by extending the analysis to the 1960s and to a
few more countries like Japan on which data are now available,

Some writers would attribute greater weight to changes or inter-
country variations in product-mix than Denison does. His big
adjustment which concerns the breakdown of output refers to the
movement from agricultural to non-agricultural sector. He does not
feel that movements within the rest of the economy have too much
cffect on growth and therefore sces no point in the kind of detailed
sector analysis carried out by Kendrick. For the big countries I tend
to agree with him, but in a small country like Norway the structural
differentials may be important. The differing importance of the
service sector in the U.S. and Europe may also be significant.

In all the countries with which Denison deals, governments
spend a good deal on various services which have an impact on
growth. We have taken the impact of government capital into
account and allowed for the effect of education. Seme government
spending, e.g. on research and development, makes its impact via
the rate of technical progress, and cannot be separately specified as a
cause of growth (without double counting) unless one is trying to
decompose the factors making for technical progress. However, there
arc other non-specified government services which are intended to
stimulate growth, e.g. Sweden’s labour market policy, or the technical
advice provided to farmers in most countries. These should figure in
the accounting. One possible procedure would be to treat them as
intermediate rather than final goods and deduct them from output.

Finally, I would stress again that Denison’s approach is concerned
with proximate rather than ultimate causality. Economic policy-
makers want a model which shows how they can influence growth.
We therefore need to go further than Denison in showing how the
variables discussed can be affected by policy. The amendments I have
made to Denison are intended to provide an explanation of growth
which is more useful and meaningful from this standpoint, but the
analysis needs to be developed much further.® In particular, we need

5 In a study of 22 developing countries, I tried to distinguish crudely between
autonomous atd policy-induced growth within the framework of a Denisonian model.
See A, Manpisow, Economic Progress and Poliey in Developing Countries, Allen and Unwin,
London, 1970.

T
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to explain what determines the rate of technical progress, what mo-
tivates high rates of investment, and we need to know more about
the important interactions between the causes of growth.

Ancus Manpison

Paris

APPENDIX A

GROWTH OF GN.P. AND NON-RESIDENTIAL FIXED
CAPITAL FORMATION 192062

The data in this appendix were used to estimate the 1950 capital stock
shown in Table 5. This was done by cumulating the increment in capital stock
from mid-1920 to mid-1950 shown in column 3 of these tables, ie. the figures
for 1921-49 and half the values for 1920 and 1g50. The first column of Table 6
is the average capital output ratio for countries where we could calculate the
1950 capital stock. The first column of Table 8 is the average of the quality-
adjusted capital stock (derived from the fifth column of the Appendix tables)
for the seven countries where figures were available. For 192050 the sources
used were as follows:

Denmark: GNP, and investment from K. Byerxz and N. Ussing, Studier
over Danmarks National Product 1870-rg50, Gads, Copenhagen 1958, pp. 147
and 151. Flousing investment was assumed to he 20 per cent of total fixed
investment.

France: G.DP. and investment for 1920-39 and 194650 from J.]. Carxg,
P. Dusers and E. Mavumvaup, Lz Croissance Fremém'sc, Seuil, Paris, 1972,
pp. 35 and 652, investment figures reduced by 25 per cent to eliminate housing
and repairs component of construction, 1940 to 1944 figures for investment
are my guesses. i94c-44 G.D.P. derived from Sauvy in Jowrnal Officicl,
# April 1954. It was assumed that war damage destroyed capital equivalent
to 4 per cent of the 1950 stock.

Germany: GN.P. 192024 roughly estimated assuming half of GN.P. to
move with industrial production (see Industrial Statistics 1900-1955, OEELC,
1955, p- 4) and the rest to have been stable; 1925-38 from Statistisches Jahrbuch
fiir die Bundesrepublik Deutschland 1961, p. 544, 193944 derived from a graph
in J.K. Gausrarru and Associates, The Effects of Swrategic Bombing on the
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German War Economy, US. Strategic Bombing Survey, October 31, 1945; 6 it
was assumed that in 1945 G.N.P. fell to half of 1944 levels, 1946 and 1947
figures are my guesses; 1948-49 from O.BE.C,, Europe and the World Economy,
Eleventh Annual Economic Review, Paris, 1960, p- 16, Investment figures for
I920-24 are miy guesses, 1925-37 are from the sources mentioned in A. Mappison,
Economic Growth in the West, p. 236; 103844 from Die deutsche Industrie im
Kriege 193945, D.LW., Duncker und Humblot, Berlin, 1954, p. 160; 104548
was estimated on the assumption that total fixed non-residential investment
moved parallel to Krengel's estimates for industry, see R. KrenorL, Anlage-
vermdgen, Produktion und Beschiftigung der Industrie im Gebiet der Bundes-
republif von rg2q bis 1956, DLW, Berlin, 1958, p. 98. Krengel estimated
that war damage destroyed the equivalent of 27 per cent of the 1936 capital
stock of German industry, and postwar dismantling amounted to almost
another 7 per cent of this (see R, Krenary, op. cit, pp. 76 and 104). Kitner
has presented estimates for other sectors which suggest that for the whole
economy, losses of fixed non-residential capital from the two sources amounted
to about a sixth of the prewar stock, see W. Kirngr, Zedireihen fir das
Anlagevermégen der Wirtschafisbereiche in der Bundesrepublik Deutschland,
DLW, Berlin, 1968, pp. 82-3. This implies that the 1950 stock should be
reduced about 10 per cent to allow for war damage and dismantling,

ftaly: Output at 1938 market prices from O. Viraur, “Il valore aggiunto
dell’ltalia a prezzi costanti, in totale e per rami di attivith economica, dal 1861
al 1964”, Rivista Italiona di Demografia e Statistica, June-December 1667,
Investment rates from Indagine Statistica sullo Sviluppo del Reddito Nasionale
dellTtalia dal 1861 al 1956, Annali di Statistica, Serie VIII, vol. g, Istituto
Centrale di Statistica, Roma, 1657, Investment was expressed as a ratio to
G.N.P. increased to include certain government purchases of goods and services
which are treated in the Italian study as intermediate products, in order to
conform with the O.E.CD. standardised system, According to figures given
by G. Fud, Notes on Italian Economic Growth 1861-1964, Giuffre, Milano,
1965, pp. 5T and 87, it would appear that losses due to war damage would
lead to a reduction of 9.3 per cent in the 1950 stock of equipment, and a
smaller fraction for buildings, say 6 per cent for all non-residential capital.

Norway: Figures for output refer to gross domestic product at market
prices and for 192039 are from National Accounts, 19o0-1929, Central Bureau
of Statistics, Oslo, 1953. 1940-45 from O. Aukrust and P.]. Bjeave, Hoa krigen
kostet Norge, Oslo, 1945. The original figures of gross fixed investment were

60 Different figures for wartime sccial product are given in Die deutsehe Wirtschaft
zwwei Johre nich dem Zusammenbrach, DIW., Nauck, Berlin, 1947, p. 269, ie, 99.2, 916,
gL, 90.1, go.1 and 8rg for 1939-44.

g

Explaining Feonomic Growth 253

adjusted downwards by a third to eliminate repair and maintenance expen-
ditures. Investment figures from 194045 are my estimates. Movement in
output 1939 to 1946-50 from O.EE.C. sources and refers to GN.P. 194649
capital formation estimated from dara including housing in T'he Norwegian
Postwar Economy, Central Bureau of Statistics, Oslo, 1965, p. 118, Figures
for wartime capital formation and GIN.P. are my guesses. | have assumed
that war losses were equal to 3 per cent of the 1950 capital stock in calculating
the capital output ratios of Table s.

United Kingdom: Output figures refer to G.D.P. at factor cost (expen-
diture figures) from T'he British Economy: Key Statistics 1900-70, London and
Cambridge Economic Service, London. 193g-45 from estimates supplied by
Professor R.C.O. Matthews. Investment 1920-38 from C.T1, FrinsTEIN,
Domestic Capital Formasion in the United Kingdom rgao-1938, Cambridge,
1965, related to G.N.P. at market prices. For wartime years, I used National
Income and Expenditure of the United Kingdom r938-rgq6, Cmd. 7ogg,
Lendon, 1947; I have made allowance for 1 billion of government investment
which was treated in the natonal accounts as consumption, see ‘T, Barwa,
“Investment in Industry - Has Britain Lagged? ”, The Banker, April 1957, 1
have assumed that war damage amounted to 3 per cent of the 1950 stock in

calculating the figure for Table s,

United States: Output figure (GN.P,, Commerce concept) from ]. W.
Kenorick, Productivity Trends in the United States, Princeton, 1961, pp. 299-
30r.  Investment from S. Kuzwers, Capital in the American Economy, Prin-
ceton, 1961, pp. 490 and 494 (gross fixed investment, minus military construc-
tion and munitions).

All Countries: The figures on GNP, and capital formation from 1950
onwards are taken from O.E.C.D. national accounts publications. The U.S.
figures for investment were increased to allow for government equipment invest-
ment which is excluded from O.F.C.D. figures, and Norwegian figures were
adjusted to exclude 'an element of repair and maintenance which O.E.C.D.
does not delete. See Economic Growih in the West, Appendix I for the
procedure used.
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BELGIUM

of gll‘{ﬂnstsioﬁxed Gross Increment }:?EEZEE 23;:5? Qualit)f adjusted

GNP, no_n-.res.identig-l to capital stock iﬁ;&?ﬁﬁ;:ﬁ %\éai:;ﬁfci?::é

(1650=100) caf‘;taé -f\«;z!.rg_:la;an u(EMx %E;Cé“ﬁ%) (\;jmagc cf]f_cct) (as pechntPDf

current prices '95?__?3;' ity 1950 GNP
1950 100.0 115 115 100,00 I'1.50
1951 1045.7 10.4 I1.0 102.00 11.22
1952 104.8 10.8 1.3 104,04 1156
1953 106.0 12,0 131 106,12 13.0
1954 113.% I2.1 13.% 108,24 14.83
1955 1185 12,8 152 110.4T 165,78
1956 121.8 13.8 16.8 112.62 18.g92
1057 1249 12.9 16.1 114.87 18.49
1958 123.8 12,4 5.4 1ry.17 18.04
1959 126.6 13.0 165 119.51 19.72
1960 133.6 137 18.3 121.60 22.31
1961 140.1 1440 20.5 12434 25.49
1962 1479 159 23.5 126.82 29.80
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DENMARK
A s |

of gross fixed Geoss increrment ; year's Qualat):' adjusted

oxr, | el | api o | Beemay | o oo

comn | iiLmmin | s e, | G | U

current prices 95:(1100 iy g0 G.N.P)
1920 (45.5) (8.1) 300 5435 2.01
1gar 465 83 377 55.66 2.10
1G22 497 8.3 4.13 56.80 2.35
1923 56.3 8.4 473 57.96 274
1924 576 86 495 59-14 203
1025 56.1 8.r 454 6035 274
1926 57.8 w47 445 61.58 2594
1927 599 75 449 284 2.82
1928 62.3 7.9 4.80 Ga.12 3.08
1929 643 8.6 553 65.43 3.0z
1930 67.2 10.9 732 66.76 4-89
1931 68.2 109 7.43 68.12 5.06
1932 66.8 82 5.48 69.51 3.81
1933 67.8 92 6.2 7093 443
1934 70.4 10.1 7,11 72,38 5.15
1935 72.2 5.8 2.08 73.86 5.23
1936 742 95 705 7536 537
1937 76.8 96 737 76.90 5-67
1938 770 98 755 78.47 592
1939 8r.y 10.3 8.42 8o.0y 6.74
1940 6g.6 7.6 .26 L33 432
1941 63.1 7 4.86 83.18 4.05
1942 64:3 8.3 534 85.08 454
143 1.0 77 547 86.8r 475
1944 778 5e4 420 88.58 372
1945 72,0 55 390 9039 358
1946 81.6 9.1 7.43 92.24 6.85
1947 85.4 10.7 .14 04.12 8.60
1948 881 117 10.31 gb.04 9.90
1049 93.3 13.1 1222 98.00 11.08
1950 100.0 127 12.70 100.09 12.70
1g50 100.0 127 12.7 100.00 12.70
1951 99.8 13.2 13.2 102.00 13.46
1952 1011 14-¢ 142 104.04 1477
1953 107.1 13.8 14.8 100.12 15,91
1954 110.6 139 15.4 108.24 16.64
1955 110.6 I3.7 14.5 110.4% 16.01
1956 113.1 13.6 15.4 112,62 1734
1957 118.8 13.8 16.4 114.8 18.84
1958 122.0 14.6 17.8 117.17 20.86
1959 1305 15.6 20.4 119.51 24.38
1960 138.6 162 22.5 12190 27.43
1961 146.9 16.9 24.8 124.34 30.84
1962 155.2 7.1 26.5 126.82 33.60
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PRANCE
. Average quality

of g&:astsmﬁxcd Grass increment | Of €a¢h year's | Qualiy adjusted

G.N.P. nen-residentdal to capltal stock g‘;ﬁ:{“ﬁg:ﬁ at‘?"“s ',’;C{CT-L“U]‘:

o |G e | ety | G S | S

current prices 1951?3:1“? 1950 G.N.P.)

1920 565 (10.0) 565 54-55 3.08
1921 55:7 (10.0) 557 55.66 3.10
1922 04.3 10.4 6.6g s56.80 3.80
1923 07.8 1.5 712 517.96 4.13
1924 74-8 2.5 9-35 59-14 553
1525 7547 X4 8.63 60.35 5.:21
1926 76.5 13.1 10,02 61.58 6.17
1927 757 110 8.33 62.84 533
15928 80.0 13.1 10.48 64.12 6.72
1920 87.0 137 1562 65.43 .80
1930 843 15.0 13.15 66.96 8.78
1931 8o.09 14.3 1157 68.12 7.88
1932 74 12.3 §.52 69.51 6.62
1933 Bog 1.8 955 70-93 677
1934 80.9 I1.0 8.0 7238 0.44
1935 78.3 11.0 8.61 73.86 6.36
1936 9.1 ITg 9.10 45,36 6.86
1937 835 1Ly 9.77 76.90 7:51
1938 83.5 10.1 8.43 78.47 6.62
1939 87.0 (12.0) 10.44 8o.07 8.26
1940 418 (5.0) 359 Sryr 2.03
1941 56.9 (5.0 2.85 83.38 2.38
1942 50.9 (5.0) 2,55 85.08 217
1943 483 (5.0} 2.42 86.81 2.10
1644 42.2 (s.0) 2.11 88.58 L8y
1945 458 (5.0} 2.29 90.39 2.07
1646 9. (10.0) 6.96 g2.24 6.42
1947 757 (125) 9-46 94-12 8.90
1948 87.0 {15.0) 13.05 96.04 12,53
1949 93.0 4.5 13.49 98.00 13.22
1950 100.0 13.6 13.60 100,00 13.60
1950 100.0 13.6 13.6 100.00 13.60
1951 106.1 13.9 1447 102.00 14.99
§ 1952 108.7 13.2 14.3 104.04 14.88
‘ 1553 112.0 12.5 14.0 100,12 14.86
! 1954 117.4 123 14.4 108.24 1550
1955 124.2 I3 16.3 110.41 18.00
1956 130.5 13.6 oy 112,02 19.93
1957 138.3 I4.4 19.9 114.87 22.86
1958 14109 14.0 19.9 17,17 23.32
1959 1461 14.9 ar§ 1951 26.05
1960 156.5 15.1 236 121.90 2877
; 1961 164.9 16.4 27.0 124.34 33.57
1962 176.2 16.8 20.6 1260.82 37.54
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GERMANY
Ratio Average quality
of gross fixed Gross increment c:f sach year's Quality adjusted
G.N.F, non-esidential | to capital stock "n‘“:c“;‘“;t:lg gross Increment
; (1950= 100 capital formation | (as percentage (:iiﬁtf“ “;’f y to capital stock
i © GNP at | of 1950 G.NP) ge effecty | (as peroent of
-.iw current prices 195":‘11::5“3' 1950 G.N.P)}
; 1920 (474} (5.0) 237 5455 1.30
v 1921 (317 (5.0) 259 5566 144
L 1922 (53.6) (5-0) 2.68 56.80 L52
b 1923 (45.5) (5.0) 2.28 57.90 1.32
1924 (53.1) (z0.0) 5.31 59.14 314
1025 57.4 I1.4 6.54 60.35 3.05
1926 59.1 ILI 650 61.58 4,04
\ 1927 64.9 1.6 733 62.84 473
; 1928 67.8 115 280 64.12 5.00
v 1929 67.5° 0-7 6.55 65.43 429
: 1930 66.7 9.0 6.00 66.76 401
1931 61.5 v.2 443 68.12 3.02
132 50.g 6.2 2.53 6g.51 2.45
1933 0.3 72 434 7093 308
‘ 1934 65.7 103 677 72:38 490
1935 717 13.0 932 23.86 6.88
! 1936 729 T4.C 10.91 7536 822
: 1937 86.7 147 12.94 76.90 g.80
) 1938 95.3 7.0 16.20 78.47 12,77
: 1939 105.5 15.8 16.67 8o.07 13.35
i 1940 100.0 12.3 12.30 8r.1 10.05
"%“ 1941 1015 11.0 11,17 83.38 931
i 1942 100.0 9.1 G.10 85.08 244
| 1943 100.0 =28 2.80 86.81 6.7
| 1944 109.3 59 6.45 88.58 571
i 1945 (54.) 2.6 1.42 90.39 1.28
| 1546 (57.2) 2.7 154 92.24 1.42
i 1947 (63.6) 3.2 2.04 94.12 1.02
! 1948 705 6.4 4:51 96.04 433
! 949 81.9 13.3 10,89 9B.00 10,07
i 950 100.0 14.1 1410 100,00 14,10
I
1950 100.0 14.1 14.1 100,00 14.10
1951 110.9 14.2 157 102.00 16.01
1952 120.9 14.T 17.0 104.04 17.75
- 1953 130.5 14,8 16.3 100.32 20.48
I 1954 1397 15.5 219 108.24 23.49
T‘ 1955 186.3 7.3 29,0 110.41 20.81
‘ 1956 167.1 17.5 2¢.2 112,62 32.89
1957 1765 16, 24.5 114.87 32.8¢
i 1958 1fz.r 17.0 310 1Y 36.32
i 1959 1949 7.8 347 L1051 41.47
: 1960 212.1 18.5 392 121.90- 4798
1961 2235 9.3 431 124,34 3359
1962 232.9 19.8 46.1 126.82 58.46
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ITALY
of ﬁlstxjoﬁxed Gross increment t‘;:?ﬁa 3‘;;(‘? Quality adjuster
GNP, nqnil-c;idcmigl © capital stock i‘;‘;}fﬁ:}‘f‘;ﬁm‘]‘: B el o
1g50=100) capital {prmatien as percentage vintage effect) o oant af
(195 :ﬁrﬁﬁlgi:ﬁ:{s of 1650 G.N.P.} (195;?::1“}’ (xgsgeG.N,I’.)
120 51.3 2.1 G.21 54.55 3.3
Igm 4.1 105 5.16 5566 2.87
1922 54.8 119 632 56.80 370
1923 612 12.8 7-83 57.96 454
1924 63.0 157 589 5914 585
1025 66.3 16.2 10.74 60.35 6.48
1926 67.4 15.8 11,32 61.58 6.97
1927 67.0 15.5 10,39 62.84 653
1928 714 147 1050 6412 673
1629 737 143 10.54 6543 6.0
1930 70.8 14,2 10.05 66.70 6.1
1931 70.3 12.5 8.79 68.12 5.G9
1932 717 107 7:67 bo.55 333
1933 70.9 12.0 8.51 70.9g G.Qg
1934 70.9 126 8.03 72.36 6.4
1935 754 132 995 73 ¢ g-SS
1936 736 149 10.97 753 327
1937 79-4 145 1151 73-90 385
1938 Bo.5 14.0 1127 78,47 B4
1939 86.2 14.7 12.57 80.07 10.14
1940 85.0 15.4 13.09 871 o0
1941 843 137 155 83.38 9.63
1942 80.4 10,2 8.20 8s.08 6.98
1943 66.4 8.2 5'24 gg% 4-7;
1644 517 52 269 5 23
1545 447 74 3.31 90.39 ;gg
1645 or.1 157 9:59 92.24 85
1947 747 175 13.07 9412 1230
1948 82.4 17.0 14.01 96.04 13.46
1949 92.5 15.5 14.34 98.00 14.05
1950 100.0 14.8 14.80 100.00 14.80
1950 100.0 14.8 14.8 100.00 14.80
1951 107.5 13.9 149 102,00 15.20
1952 112.2 14.8 16,6 104.04 1'7.25
1953 120.7 14.8 7.9 106.12 19.00
1954 125.4 14.9 187 108.24 zo.g%
1955 1336 14.8 19.8 110.41 a1,
19356 139.6 145 205 11262 23.09
1957 147.1 15.2 22,4 rig.87 22.73
1958 154.3 14-4 24.2 117.17 18.01
1959 164-4 14.7 22.2 119.51 28.92
1960 174.8 16.2 283 121.90 34.50
1961 188.4 16.8 3L.7 124.34 10.42
1562 200.1 16,6 33.2 126.82 42.10
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NETHERLANDS
Ratlo Average quality

of gross fixed Gross incremett c:f cach year's Qualit]‘,’ adjusted

G.N.P. non-ceidential | to capital stock | CRERCE fross Increment

(igso=roq) | capial formaion | s persctene | (Tl Ctecy | o Bpenmn ut

current prices ]95‘;;1::1“3" 1950 G.N,P.}

1950 100.0 16.4 16.4 100,00 16.40
1951 103.0 15.0 16,4 102.00 1673
3952 105.1 15.0 15.8 104,04 16,44
1953 1143 16.8 19.2 106.12 2038
1954 I22.1 17.3 211 108,24 22.84
1955 I31.2 6.1 25.1 110,41 2941
1956 135.7 2.5 27.8 112.62 3r.3r
1957 140.0 20.5 28.7 11487 32.9%
1958 139:5 17.8 24.8 117,17 29.06
1959 146.4 8.8 27.5 11951 32.87
1960 158.7 19.5 309 125,90 37.07
1961 164.0 20.3 333 124.34 4141
1962 170.2 202 349 1260.82 43462
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NORWAY

of tl-{c:lstsioﬁxcd Gross lncrement %‘:gﬁ ()l’g;;?sy Quu.llty adjusted

G,N.,P. nong;residcntlul to capital stock i[:;ui:;?c:ttoé‘: ] %g”i; 11'::{3&153:

(1650 =100) capital formarion (qu percentage (vll{)tagc effeat) (as Ecrccnt of

to GNP, at of 1950 G.N.P.) i " ose GNLE.

current prices 1950:‘11;] ity 95 )
1920 46.0 17.9 8.23 5455 449
1921 4144 154 538 55.66 355
1922 46.3 I1.4 5.28 56.80 3.00
1523 477 1.6 553 3796 3ar
1924 47.6 13 538 59.14 3.18
1928 49.6 114 5.65 60.35 3.41
1926 50.1 109 5.46 G158 2.36
1927 52.4 9:9 5.19 62.94 .20
1928 51.5 I1.6 5:07 6412 3.83
1929 58.7 122 7.16 65-43 268
1930 03.2 12.9 8.15 66.76 5.44
1931 8.3 12.3 n.17 68.12 4.88
1932 62.1 10.0 .21 69.51 432
1933 63.6 10.2 6.49 70.93 4:60
1934 64.9 11.0 7.14 72,38 5.17
1935 68, 12.2 8.34 43.86 616
1936 72.1 133 459 7536 723
1937 74.6 15.2 1134 76.90 8.2
1938 7.3 5.1 1132 78.47 9.04
1939 Bo.1 152 12.18 8o.07 975
1940 730 (g-0) 657 Br.z1 537
1941 748 (G.0) 449 83.38 175
1942 71.9 (6.0) 432 85.08 3.68
1943 70,5 (6.0) 423 86.81 3.6
1944 66, (50) 401 88.58 3.55
1045 745 (10.0) 745 9039 6.74
1946 79.6 19.5 15.41 G2.24 14.21
1947 89.8 21.4 19.22 94.12 18.09
1548 934 21.5 20,08 96.04 16.28
1949 gs5.0 214 20,33 98.00 19,42
1950 100.0 20.7 20070 100.00 20.70
1950 100.0 207 2050 100.00 2070
1951 103.0 8.2 1895 102.00 15.13
1952 I07.0 19.4 2046 104.04 21.60
1953 IILI 20.7 23.00 100,12 24,41
1954 110.4 22.3 25.96 108,24 28.10
1955 118.8 22.8 27.09 170.41 29.91
1956 124.8 21.5 26.83 11262 30.22
1957 128.2 21, 28.08 114.87 32,26
1958 1297 255 3307 117.17 38.75
1955 134.1 23.6 31.65 11951 37.82
1960 138:9 22,0 3056 121.90 37.25
1951 147.8 23.0 3399 124.34 42.26
1962, 154.8 22.5 24.84 12092 44.18
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2471

1920
1921
1422
1923
1924
1025
1926
1927
1928
192%
1530
1931
1932
1833
1934
1935
1930
1937
1938
939
1940
1941
1942
1943
944
1945
1946
1947
1948
1949
1950

ig50

EQ5I -

1952
1953
1954
1955
1956
1957
1958
1959
1560
1961
1962

Ratie
of gross fixed

Cross increment

Average quality
of each year's
increment to

Quality adjusted
gross increment

G.NP, nen-residential to cagpital stock . i
(1950= 100} caf;”‘('l} ‘fﬁr;nﬂ;itm U(E“SI 51\15?:8113%":) (;?ﬂ:;: f;:%t) [Ea-: a]?clifc-;:ugf
curret lpx:ices o 195“:?:-;:1“? w50 GNP
63.9 (6.7 4.28 5455 2.33
56.2 6.4 3.60 55.66 2.00
569 6.3 3.58 56.80 2.03
58.3 5.8 338 5796 .96
60.0 6.0 3.60 50.14 2.13
637 6.0 3.82 6035 2.31
599 5.4 323 br.58 .99
65.4 5.4 353 62.84 2.22
67.3 6.0 4:04 6g.12 359
685 6.0 411 65.43 2.69
68.0 6.2 4.22 66.76 2.82
635 6.2 394 GB.12 268
62.6 5.1 3.24 6g.51 2,25
64.0 4.6 2.94 20,93 200
9.7 5 376 7238 292
72.5 5.8 421 43.86 .11
746 6.6 4.92 7536 371
78.6 73 574 76.90 441
8. 7.2 5.88 28,47 4.01
87.9 {7.5) 6.59 8o.07 5.28
947 (6.0) 5.68 8171 464
997 (4.0) 3:99 83.38 333
102.6 (4.0) 4.10 85.08 3.49
105.4 (4.0) 422 86.81 3.66
103.0, (2.0) 2.08 88.58 .84
100.4 (5.0) $.02 9039 4-54
96.0 {9.0) 8.64 9224 757
92.0 (5.0 8.28 9412 979
93.9 (9.0) 8.45 gb.04 8.12
96.9 98 950 g8.c0 9:31
100.0 10.3 10.20 100.00 10.20
100.0 10.2 10.2 100.00 10.20
102.3 102 10.4 102.00 10.61
101.8 10.I 10.3 104.04 1o2
106.6 10.1 0.8 106.12 I1.46
1107 10.6 I1.7 108.24 12,66
1i4.1 113 2.9 I10.41 T4.24
116.5 1r:§ 13.7 112.62 15,43
118.8 12,6 5.0 114.87 17.23
1199 12.8 15.3 117.1%7 17.93
124.4 12.8 5.9 IIQ.51 19.00
130.3 13.2 17.2 121,90 20.97
134.8 13.9 187 124-34 23.25
136.6 135 18.4 126.82 23.34
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1920
1921
1922
1923
1924,
1025
1926
1927
1928
1929
1930
1631
1632
1933
1834
1935
1926
1937
1938
1939
1940
1941
1942
1943
1644
1945
146
1947
1948
1949
1950

150
1951
1952
1933
1954
1955
1956
1957
1958
1959
1960
1g61
1662

Rutio Average quau.ay . )

of gross fixed | Gross incresnent oii;zinb&ﬁa:os Quality adjusted

G.N.P, non-residential to capital stock capital stock f:ﬂzi I;EEE::S:

(1930 =100) ca{:‘:[a(-l}f\?.l;l.ﬂ.aﬂon D(fas]g[:;rcg‘}g.g;) (v]intnge effect) {as percent of

current prices 9502:1::[“5' 1950 G.N.F.)
39.1 .y 457 3455 249
38.2 10.7 4.09 55.66 2,28
40.4 LY 473 56.80 .69
45.8 12.8 586 57,06 3.40
471 12.5 589 5914 348
483 13:3 .42 Go.35 387
514 135 6.94 658 427
51.9 13.5 .01 62.84 4.41
52.0 13.6 7.15 64.12 458
557 142 791 65.43 518
=0.8 13.6 6.01 66.76 461
477 ILo 5.25 68.12 3.58
40.8 8.2 235 6g.51 233
39.6 8.0 3.17 70,93 2,25
431 9:6 414 7238 3.00
48.8 99 4.83 7386 357
53.8 12,6 6,98 75.36 5.1
58.2 12,8 745 76.90 5473
55-1 1Ly 645 78-47 5.06
55:2 ILg 7:04 8o.07 564
64.6 11.8 7.62 8ry1 6.23
440 12.0 8.88 83.38 .40
85 8.5 7,01 85.08 5.90
go.8 5.2 4472 80.81 470
o8.0 4.7 4,61 83.58 4.08
565 5% 550 90.39 497
88.4 8.0 207 02,24 6.52
87.6 10.3 9.02 04.12 8.49
92.3 1L.1 10.25 96.04 9.84
9L ILI 10,10 gB.00 9.90
100.0 13.7 13.70 100.00 13570
100.0 13.7 13.7 100.00 1370
108.1 13.6 14.7 102.00 15.00
IIL4 13.1 14.6 104,04 15.19
116.3 13.3 15.5 106.12 16.45
1147 13.5 155 108.24 1678
1235 13.3 16.4 X10.41 18.11
125.7 14.3 18.0 11262 20.27
127.6 14.3 18.2 114.87 2091
126.6 12.9 16.3 117.157 19.10
1343 12.6 16.9 119.51 24.14
137.5 12.9 177 121,90 21.58
1405 (12.4) 17.4 124:34 21.64
149.5 (12.6) 18, 126.82 23.84
AM.




