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The Measgurement of Capacity

By

L. R. Klein with the assistance of M. David

The concept of gspacity - plant capacity, industrial capaclity or national
economic capacity - frequently turns up in economic discussion. It is often
referred to as though pecple generally know its meaning, yet it is an illusive
and ill-defined concept. The history of our subject contains sporadic bursts
of interest in the matter of capacity, but the present state of treatment of
this concept is in need of further development. The present essay attempts to
stimulate the debate once again and to set out some new aspects of statistical
treatment.

Why measure capacity? Three reasons are proposed for interest in the
topic of this essay.

1. A numerical measure of capacity would be & useful addition to

our basic collection of statistical series. It may tell us something

about underutilization of resources, if used together with a measure

of current output, in addition to thet told by statistics of unemployment,

overtime hours, length of the workweek, ete.

2. A measure of capecity, 1f obtainable, mey be a proxy for a

measure of the stock of capital, a concept that provides at least as

many difficulties a8 does capacity. In particuler, a capacity

meagure may enable us to get round the problem of technical progress

that bedevils capital measurement.

3. Improved versions of the acceleration theory of investment build

on the concept of ecapacity. Statistical tests of these theories could

be mede if capacity series were available.



If we think of a production function connecting, let us say for

simplicity, capital (k) and labor (n) input to output (x)

x = £{(n, k),
we might define

X, = f(nc,kc)
as the full=-capacity relation, in which sll capital facilities are used with
the normelly available labor force to produce output. In this situation there
is no idle capital; hence kc may be measured as the stock of capital as well
&8s capital inputf' In an elementary machine process, it would simply be the
number of machines. The capacity measure we seek is, however, X, It is in
units of output. From the production function we see immediately that capacity
output is an index of factor inputs. It is a pure index of capital only if
there is & side relation between labor and cepital. In the trivial cage of
linear functions with fixed factor proportions, the results are very simple

(and nesat).

¢ c
xcsb kc
_ b
I, * a kc

In this case capacity is truly a proxy for the stock of capital. Without even
knowing the factor of proportionality, we can sey that capacity grows, in
percentage terms, as capital grows.

with reference to our first reascn for measuring capacity, the simple
case would add little to our existing set of statistics. Underutilization of
lsbor, which is already measured extensively, would tell ug everything that

would be included in an lndex of the percent utilization of capacity.

#* Under conditions of uncertainty some excess capacity may be held in reserve
to meet unforeseen fluctuations in demand for output. A standard precautionary
reserve could be amalgamated with the measure of full capacity stock of capital.




-5_

Becognition of previous work on capacjty meassurement. The Brookings inquiry

into America's Capacity to Produge was perhaps the most ambitiocus and compre-
hensive attempt to measure capacity. It was a statistical study concluded
in the years before World War II, providing capacity measurements for all the
major sectors of the economy. It was basically a pregmatic and empirical
study with only secondery contributions of lasting value to the aspects of
techniques, method, and theory. It was a highly controversiel piece of work.
In general, it relied on trade sources for capacity measurement,where these
were aveillable, and supplemented them with empirieal estimates for different
industries based, more or less, on ad hoc judgments by the research investigators.
Input-cutput studies have made use of capacity estimates. Capital~
output ratios are essential ingredients of & dynamic input-output model.
They enter as accelerator coeffieients, but are better established from the
ratio of capital to capacity output than from the ratio of capital to actual
cutput. This is to meel the usual criticism of the acceleration principle

*
in conditions of underutilization of resources. * There is nc systematic

* See Anne P. Carter, "Capital Coefficients as Economic Parameters:
The Problem of Instability" pp. 287-310. R. T. Bowmen and A. Phillips,
"Conceptusl and Stetistical Problems in Estimating Capital Coefficients
for Four Metal Febricating Industries” pp. 347-Th. 1 of Capit

Formation, Studies in e and Wealth, Vol. 19.
(Princeton: Princeton Univ. Press) 1957.

discussion published on principles of deriving the capacity estimates nor
their actual sources.
At the beginning of the war there was a study of capacity carried out

for agencies of the government.

** R, A. Solo, Jndustrial Capacity ln the United States, Office for Emergency
Management and Office for Price Administration and Civilien Supply, June, 19h41.
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For many years, trade associations and other industry sources have
published capacity and percent utilization series. The steel ingot figure
is femiliar to most readers. Similar figures are Published for petroleum
refining, flour milling, electric power production and other basic products.
The sources are brought together and summary statistics derived for a study

*
of the acceleration principle by Hickman. Individual industry figures

* B. G. Hickman, "Capacity Utilization, and the Acceleration Principle"

Eroblems of Capital Formation, Studies in Income and Wealth, Vol. 19
(Princeton: Princeton Univ. Press) 1957. pp. 419-50.

have been used by a variety of authors for investigations into the
acceleration principle.

The Federal Reserve Board have gone a step further, and gathered
together most of the published series on capacity in major industrial

*
materials for combination into a single index with value-added weights.

* Federal Reserve Bulletin. Voi. 43, May, 1957. pp. 509-10

With the addition of electric power capacity and some more obscure series
in other lines, the composition of this index could be broadened, but would
not, under present conditibns, cover more than 10 - 15 percent of industrial
output.

The Federal Reserve series is for recent years only and shows =
gteady rise in capacity since 1950. An exception is the figure for textiles,
which shows a decline in capacity since 1954. This is consistent with the

published series on the number of active spindles.



Another approach to comprehensive measures of capacity is taken by
the Department of Economics of the McGraw-Hill Publishing Co. In their
periodic surveys of business investment planning end related metters they
include questions on current estimates of capacity, actusl output as a
fraction of capacity, and desired output as a fraction of capacity. These
are all "subjective"” estimates supplied on the interviewing form in the
respondent’s own terms of reference. McGraw-Hill do not attempt to define
capacity for the informant. They insist on letting the answers come as
they will to the barest wording of the question. 1In industries with well
established and well defined capacity series, they probably get a
repetition of the standardized figures. The other replies are unknown
as to concept and quality. The MeGraw-Hill data are kept up-to-date
annually since 1950 - their base year « and cover all the major classifications
of the F.R.B. industrial production index. A composite figure for the
whole of industry is obtained by forming an average with the same weights
as those usged in meking the production index. Like the Federal Reserve
series on capacity for mejor materials, the McGrew-Hill index shows a
gradual trend growth since 1950. The textile component dces not move
downward as does the corresponding series in the Federal Reserve capacity
index.

A useful survey of the entire field, with the exception of the
 McGraw-H1ll material is to be found in a mimeographed report by Zabel and
in a summary article based on his larger study. He provides s good

*
bibliography on the whole subject.

* E. Zabel, Concepts and Measurement of Productive Capacity, (mimeographed),

Economics Research Project, Princeton Univ. Nov. 1955. "On the Meaning and

Use of a Capacity Concept", Navel Research Logistics Quarterly, Vol. 2, Dec.
1955.  pp. 237-k9.




Proposed methods of measurement. Two types of approach to the measurement

problem are suggested. One is pragmatic and one is theoretical. At a
pragmatic or empirical level, little or no attention is pald %o economic
theory. One might accept output levels that engineers claim to be the
maximum attaineble in & technical sense. Presumsbly much of the existing
trade datae on capacity is of this sort. The trouble with this concept is
that it pays no attention to cost. With an expensive third shift or
other extraordinery outlays output can usually be expanded. "Crash"
progrems are extreme examples. In this sense, an industry, firm, or
small sector viewed in isolation can have a very elastic capacity limit.
But capacities for individual sectors prepared in this way may very well
not blend properly. We might say that, for a given bill of final demand,
they would not satisfy the system of equations defined by an input-output
model. Bottlenecks would occur. Even if the engineering technicians
for each industry were told to limit their capacity estimates for one or
two shifts with normal work complements, ususl allowances for maintenance
and repair, vacations, and other seasonsl regularities it is not evident
that full capacity operations in each industry would be mutually compatible.
It is tempting and probably useful to construct a series by averaging, with
WE1ght$, the published technical estimates for different industries as
the Federal Reserve Board already does on & limited scale, but this
solution has its limitations in addition to the fact that a major share of
industry is not included. The same cbservation applies, of course, to
the averaging of the McGraw-Hil]l series.

Another pragmatic approach 1s statistical instead of technical, in

the engineering sense. A smooth trend curve through peaks of production



series is a possible measure. To some extent the Brookings study relied

on crude statistical measures of this sort. 1In industries where we feel

that the published capacity data are of fair quality there is a definite

suggestion that the trend of capacity runs through, or slightly above,

time series peaks. The charts on the steel industry illustrate this point.
In the first place, one must select pesks. Various minor peaks

that do not come up to major pesks should not be included. The elimination

of these involves matters of judgment. To plot a trend between selected

major peaks is also & problem. Linear interpolation is one solution,

and interpolation proportional to the time path of investment is another.

The accompanying set of charts displays the time pattern of seascnally

ad justed major components of the Federal Reserve Index of Industrial

Production since 1947. The major peaks are, in most cases, quite prominent.

The seasonal adjustment eliminates the possibility of temporary high values

of production that cannot be nomally maintained. On the same charts, we

have interpolated linearly between selected quarterly peaks. Since the

data are monthly, while we seek a quarterly series on capacity, at the peak

there can be a slight monthly excess over capacity. We have also plotted

the interpclation based on investment data. These are quarterly statistics

of gross investment by industry groupings. For the same industry and

quaerterly classifications, we do not have estimates of depreciation; there-

fore gross instead of net investment data are used. Moreover, the depreciation

data are one of the main sources of deficiency in estimates of the stock of

capital, a measure that we are trying to avoid by use of our capacity data.

On the whole, the statistical estimates look reasonable, but are probably

conservative estimates of capacity. It is easier to deal with growlng rather

then declining periods. In the post-war years most industries grow on balance,

but textiles present a different picture and provide the most troublesome

estimating problem.
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Figure vI

Paper & Allied Products
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A variation of our statistical procedure would be to select, for
each industry, a period in which most indications point to generally full
use of resources. This date would vary from sector to sector. For this
date, estimate the stock of fixed cepital, say, by methods and data like

*
those of Goldsmith. Let capacity output change in index form by the

* R. W. Goldsmith, t f Savings in the United States.
(Princeton: Princeton Univ. Press), 1955.

same number of percentage points that current investment causes the stock
of cepital to change. This would not, however, help us in developing =
proxy measure for the stock of capital that gets round the difficulties
raised by technical progress.

Like the other pragmatic measures of capacity, the statistical
measures are confronted with the problem of mutual consistency in the
Leontief sense. If all or most series peak within a few months of each
other, this problem may not be quite as serious as for the other pragmatic
measures.

In economic theory full capacity has come te be associated with

the concept of competitive equilibrium.
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Fig. XVII
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In the dlagram capecity output is at OC, which gives an equilibrium of

no profits with marginal costs = price = marginal revenue. This is a
long-run equilibrium, requiring free entry of competitive firms to eliminate
profits. Zero profits caused by free entry under imperfect competition
would produce a tangency solution with a sloping demand curve at a smaller

level of output (OP < OC).
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There are refinements of this sort of discussion in the literature of

Imperfect competition, with possibly different concepts of full capacity,
but an argument is made for acceptance of amount QC as a norm for output
because such velues in all sectors simultanecusly would produce some sort

*
of social optimum. The technical definitions of capacity left a void on

* We should like to be able to appeal, as well, to the theorems on
existence of meaningful sclutions to general equilibrium equation systems
defining & competitive equilibrium to be assured that such a collection
of optimal points for each producing unit would be mutually compatible.
Unfortunately this is not generally possible if existing prices differ
from those in a competitive market. The theorems on the existence of
solutions to the equation systems of competitive equilibrium teli us that
there exists a set of prices and wage rates such that an economically
meeningful solution is possible. But in passing from existing to competitive
prices, cost curves will change. Minimal points on average cost curves
depend on relative prices and wage rates. If these change, we should
generally expect output corresponding to the minimal point to change.

the question of costs and therefore are basically indeterminate values.

The statistical problem, then, is to determine cost functions for the
different industrial sectors of the economy and to compute the output

value corresponding to minimum average cost. An alternative possibility
would be to work with production instead of cost functions since the former
have a higher degree of "autonomy” than the latter and would not change if
market values were to adjust , but we are able to reduce the number of
dimensions to two variables (except for joint production) and find this
added convenience favorable toward the use of cost functions. The analysis
is simpler since costs summarize a multiplicity of inputs. From a
statistical point of view, we are suggesting fresh computation at frequent
intervals. This avoids a major part of the difficulty caused by lack of
"autonomy" of the cost function due to fluctuating factor rewards and other

input prices.
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The empirical Investigation of cost functions has led to the broad
conclusion of linearity in the relation between total costs and output.
If this were the case for total operating costs and if zero output were
associated with zero cost, we would find a horizontal averege cost curve
in contrast to the traditional U-shaped relation familiar in classroom
and textbook. The long run cost curve, derived as en envelope of U-shaped
short run curves, need not, in principle, have a minimum point. Since
we are interested in long term adjustment to competitive equilibrium, we
are mainly interested in the long run curve. At most, advocates of linearity
in empirical cost curves have conceded that at extreme outputs, either very
small or very large, the average cost curve may turn upwards. They consider

that the base is broad and flat, with almost indeterminate minimum point.

Fig. XIX
Cost

0O Ouvtput
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While we shall be dealing with short run components of cost, 1i.e.
current opereting costs incurred during an annual reriod, we shall be trying
to estimate the long run cost function. OQur sample data will consist of
a cross section of accounting records from individual plants or firms, and
the relationship estimated from the variation among units during a given
short interval of time tends to reflect the long run function. This is a
general property of estimation from cross-section data.

The main difficulties in our epproach to measurement of capacity on
these theoretical considerations is that we are not sure, on a priori
grounds, that the long run average cost curve has a minimum and that the
tendency towards linearity observed in other studies will blur, if not
obliterate, any minimum point.

We shall not use a polynomial expansion for the form of the cost
curve beceause with moderate dispersion it becomes nearly impossible to
pick out any delicate degree of curvature. We shall, instead, use a
family of cost curves that necessarily have the requisite type of curvature,
but in which the degree of curvature may be sharp or gentle. A curve from
this family passes through the phases of decreasing, and increasing marginel

costs. We choose the "probit" function, which has the form in the diagram below.

I

!
. TC
Cos_f Fig XX / l

[
I
!
I
I

K Ovutpel
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The total cost function is

X = output.
c = cost.,
Natural logarithms are used throughout

The parameter k is a sgluration level of output, an asymptotic
value which output cannot exceed no matter what the cost may be. The other
two parameters, u and o , are parameters of a logarithmic normal distribution.
The point of minimum average cost is determined from the coordinates st M ,
where a ray from the origin is tangent to the total cost curve TC.

In fitting this type of curve to cross-sectiion dats, we estimate a
microeconomic function pertaining to a typical firm or plant. To derive a
capacity estimate for an industry, we must aggregate this function, and this
is where the nice properties of this family of functions add to our convenience.
Assuming that costs are distributed according to the lognormal law with

*
parameters pl and Ul , we find

* This follows directly from Theorem 2.2, coreollary 2.2b, J. Altchiscon and

J. A. C. Brown, The Lognormal Distribution (Cambridge Univ. Press) 1957.
c 2 (log y - ;)%
;= (‘ _(log t - W) _ 1
f
k ! 20‘2 20 2
: / ./ 1 it dy
2x col ‘b o € % y
5 g 2.2

(logt = p -1/2

[ l
f 2(52 + 0 2)
- X ' o

X = f e
N 2g \/_02+ 012

d-IFJJ
o

O
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From the probit relstion we estimate k , u , and o . From the
marginal distribution of costs, we then estimete p, and o, . From
these parameter estimates we are able to construct a relation between
industiry arithmetic aversages belonging to the same family of curves.
From the industry average curve we readily find the point at which marginal
and average costs are equal, for this defines the point of tangency in
diagram XX.

Iet us write

2
Py = B+ 1/20)

The industry average relation can be written as

2
(log © = nm,)

- 2
2
i = X e 202 g'_t}_
'J‘E.’tr 52 t
From the transformation
log t - p.2
u =
%o
we derive
log ¢ = Po
- o 2 log ¢ - N .
Jan 2
= kP(y)

vhere P is the cumulative normal distribution with zero mean and unit
variance. We can also find a convenient expression for marginal cost

along the aggregative function.
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(g - p2)2

dx k ) K

- = — & = log € -
az N 2x 0.8 2%, —=— 2( Ha0,1) = ),

2 2 o UQC

where Z is the function of ordinates to the normal distribution with
zero mean and unit variance. The point at which average and merginal

cost are equal is thus given by

€ = d€
¥ dx
g 025
kP(y) = K2Z(y)
P(y) = %

From tables of the normal distribution and its ordinates, values of y
can be determined. From this value, we can then estimete X, ¢ associated

with minimum average cost.

[sT:1 8i-curve e ok a . To see whether the
suggested approach outlined in the previous section is a feasible avenue
towards the construction of capacity series for industiries, we choose
an example from an industry where excellent data are available and where
a well accepted capacity estimate has slready been esteblished. The
capacitieas of electric power stations are widely reported and aggregated
into an industry total on a regular periodic basis. It would be presumptuous
to believe that this figure can be greatly improved upon. Our purpose in
this section is to compare the capacity point defined by minimum aversage
cost with the established engineering value to see whether our method may
be suggested for the preparation of capacity estimetes in other industries

where acceptable capacity figures do not exist.
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We shall try to select our sample in such a way a8 to hold constant
a8 many '"'nuisance" varisbles as possible in order to pick out the relationship

%*
between cost and output from interplant variability. Our sample consists

For a discussion of the "nuisance" variables, i.e. varisbles other
than scale of output giving rise to interplant cost variation,see W. Isard
end J. B. Lansing, "Comparisons of Power Cost for Atomic and Conventional

Steam Stations,” Review of Economics and Statistics, Vol. XXXI, 1949, pp.
217-26.

of plants burning coal exclusively; of conventional construction, and located
in the Middle Atlantic and Scouthern New England States., It is felt that

this introduces a great degree of homogeneity in the operating conditions

of the several plants of & sample. Moreover the dats, taken from a report
of the Federsl Power Commission, aré presented and prepared according to &

-
uniform system of accounting. Finally the presentation of the dsta on a

"Steam Electric Plant Construction Cost and Annual Production Expenses”
Federal Power Commission, S - 123, 1955.

plant besis is significant. Cost data, and inferences of efficiency of
size or capacity from them, should most suitably be on & plant basis.
In many industries such data are difficult to uncover, at least in the great
detail given for the electric power industry by the Federal Power Commission;
therefore, we set out from the most favorable situation.

There are 67 plants in the sample. A graphical estimate of the probit
funetion is obtained from the data plotted in the accompenying disgram. On
the vertical axis we have the logarithm of cost, and on the horizontsl axis

we have a probability scale plotting the normal deviate corresponding to the
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fraction x/k . We first experiment with different values of k to find
one that gives a linear scatter of points. We pass a free-hand line through
the general drift of points, and determine the parameters #» and g from

log ¢ = - o}
g D B np

log ¢

q=}1"n0,

Q

P and q are two arbitrarily selected probability values on the horizontal

b
the logarithms of the corresponding cost values on the curve for these

scale. n_ and nq are the asgsociated normal deviates. Log cp and log cq are

deviates. cp and cq are read from the vertical scale.

In the present graph, we estimate

~(Log & = 20,494)°
X = o . 2(2.288)° gt
t
Jen (2.288) 0
From the marginal distributions we have
pl = luogho
92 o 713

We derive the cost curve of averages from these data by the formulas of

the preceding section and find that least cost production occurs at
1,904.0 mill. kwh.

Mean production in the sample is

.. 1,071.2 mill. kwh.
This glves us an operating rate of 56 percent of capacity. The Federal
Power Commission records give an alternative measure of capacity termed
"net continuous plant capability when not limited by condensor water".
This eppears to be the nearest concept to our notion of capacity as an

equilibrium rate of operation. The ratio of mean production to mean
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continuous capebility in the sample is 57 percent. Thus we conclude that
our capaclity estimate is not unreasonable in this case.
We shall not say that it is very good because our parameter estimstes

are crude, being done by free-hand methods.

An empirical cost curve for steel comgpanies. A second example deals
with the cost curve for the iron and steel industry, not because the data
are of exactly the right sort and easily available, but because this
industry has a widely sccepted capacity estimete. engus of
Menufactures comes close to providing cost #nd ocutput data for this and
other Industries on a plant basis. They present data for egsteblishments.
The requisite data on production (value or volume ) and costs are collected
but nowhere tabulated in just the form needed. We do not find numbers
of establishments, mean output, and mean costs by either ocutput or cost
gize classes. Of course, individual esteblishment data are not
available. From different tables one could piece together value of
production, cost of materials and fuel, and wage payments. But they are
not properly put together by the classifications needed. Moreover, the
steel industry is accorded special treatment In that value added is
given without being separated into sales and the cost of materials and
fuel. This is presumebly due to the vertical integration in the industry.
We, therefore, turned to company data. From the reports of the Iron
and Steel Institute we listed companies furnishing capacity data. Our
sample then consisted of all such companies for which we could find sales
and cost data. We collected accounting reports for companies listed on
the New York or American Stock Exchange from the Exchange Libraries. These

were supplemented by reports in Moody's Industrisls. We were not as
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fortunate, as in the case of electric power,to have a uniform system of
accounts. But from each company report, we tried to extract data on
"Net Sales" and "Cost of Sales". Our sample consisted of 39 companies,
and we did not have a choice pattern that would control "nuisance" variables.
We could not separate firms by type of product,production process, locale
or other important characteristics. We know that the accounting data had
different meanings from company to company but did our best to eliminate
discrepancies. In electric power we had a homogeneous output unit, kwh,
but in steel we did not use s physical tonnage variable because it was not
reported by a2ll firms in our material sources. Insteed we used a value
figure, net sales. |

For the probit model as used in the previous section on the electric
power industry, we plotted the logarithm of compeny cost for 1954 against
the normal deviate corresponding to x/k ;3 where x represents the value
of company sales in 1954, and k is a parameter of the cost function. The
line plotted in the accompanying graph is a free hand estimste for

k = 1015. The equation of the line is

- (lQE__.?)ilQH:)
2(4.354)° at
_.__J.D.__.__ t

[2n (4.358) o

The parameter estimates from the marginal distribution of cost values are
pl = lT 0891‘-

2
al 2.062

The average curve for the entire industry implies a least average cost

output (sales) of § 59.6 million and associated costs of $ 46.7 million.
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These figures would appear to0 be far out of line with sample averages
of § 257.6 for sales and $ 190.8 for costs. According to the notions of
this paper, it would thus appear that the steel industry is very inefficiently
operated at levels far above optimal points. There is perhaps a germ of
truth in this observation, but the principal issue in reconciling these
averages with the least average cost points iz matter of plant yg. company
data. The company data, plotted as large agglomerations of plants, lead
to large sample averages for output and cost even if the fitted line
depicts the cost curve faithfully. Industry (a sample) totals are
divided by the number of companies, which is much smaller than the number
of plants, and give high sample averages because of the extreme dominence
of the large companies. The principles underlying the cost curve are
on a plant basis, and the fitted cost curve 1s probably a better representation
of the plant-besed than the company-based function. The smaller companies
in the sample distribution are likely to be companies with oné or very few
plants, and they lie on the fitted function. The two gients, U. S. Steel
and Bethlehem, are distinctly off the curve as low cost producers. Ve,
therefore, suggest interpreting the fitted function as the plant cost
function. The derived function for industry averages depends on the
parameters of the marginal distribution of costs. In the empirical study,
they are estimeted from the company distrlbution and not from the plant
distribution; therefore the relationship between average sales and costs is
not properly derived.

With all the imperfections in this sample of data, only rough steps
may be taken to meke a Jjudgment on the comparability of the capacity filgures

derived from the cost curve and from the published trade data. From data
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1n the Census of Manufactures we find that the total value added for blast
furnaces and ingot production was $ 4,666 million in 1954, Wage payments
are estimated at $ 1,936 million. The difference between these two figures,
$ 2,730 million, gives an industry estimate conceptually comparable to the
difference between sales and costs in our company sample. The number of
establishments is estimated at about 300 for the main census in 1947, A
later figure has not been published. Using this figure for the number of
establishments, we find a "profit" figure of about § 9 million per
egtablishment. In the sample the ratio of costs to sales is .T4. Assuming
the same ratio for the average establishment, we obtain a corresponding
sales value of $ 34 million. This is the figure we compare with the least
aversge cost sales of § 59.6 million. With these two figures, we estimate
output at 57 percent of capacity in 1954. The published trade figures
average to 71 percent in 1954. Our figure is in the same neighborhood
when adjustment i1s maede for the fact that our sample 1s based on company
data, but the results are not of the same quelity as 1n the previous example.
The roughness of our particular estimaetes is emphasized if we point
out that the results are sensitive to small adjustments in the computed
parameters of the cost curve., If the probit line is drawn to pass closer
to the points for the two giant companies, which are both low cost producers,
the optimal value is increased by as much as 50 percent. This value is
less desireble since 1t takes us further from the concept of a plant cost
function, but it does show the sensitivity of the method. In the particular
cage at hand, the least cost point is ill defined in the sense, shown

diagrammatically above, that the average cost curve has a broad flat base.
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The curve fitted to the bulk of small company points produces a least
averagé cost point with output far smeller than that of most large companies.
This would imply that economies of scale are realized at the plant level and
that large agglomerations of plants are not essential for efficiency. This
has been put forward In other studies of the steel industry. The main point
at variance with this observation is the fact that the two glants have
a low ratio of costs to sales. This may be due to the accounting treatment
of sales in a vertically integrated company, but there are no satisfactory
data for resolving this matter. We, therefore, rely mainly on our cost
curve that pays less attention to the plotted points for U. 5. Steel and

Bethlehem.

The agpregation of cepacity. Whether capacity figures for individual

industries are estimated from trade sources, by replies to questionnaire
surveys, from trends of production, from cost curves, or by other technlques
there remains a common problem on the aggregation of the industry figures
into a national or cother more comprehensive index. Even without deriving
a single index, there remains the problem mentioned earlier of mutual
compatibility, and this is closely related to the aggregation problem.

The most obvious solution is perhaps to welight each industry's

*
contribution to an overall iIndex by 1ts share in value added. As mentioned

* In appraising the Brookings study, H. Villard raised the question whether
the weights should be current shares of value added or shares of value added
at full capacity. See H. Villard, "Some Aspects of the Concept of Capacity

to Produce”  Review of Economic Statisties, Vol. XXI, 1939, pp. 13=20.
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earlier, however, this may glve rise to bottlenecks and not be capable

of realization. A practical method of adjustment to avoid this problem

is the following: given a set of capacity estimates for each industry,
substitute them into a syspem of equations defined by an input-output
matrix with a full-employment bill of final demand. If the capacity
outputs do not satisfy this equation system adjust them so that the sum

of squered adjustments are minimized. The minimization is not unrestricted,
however. The adjusted values must never aggregeate into a larger index

of capacity output than the original set before adjustment.

An alternative approach has been suggested by A. Manne. Array the
separate industries by the size of thelr percentage utilization of
capacity. The industry (or group of industries) nearest to capacity
operation can be raised to full utilization without creating any new
resources in the economy and all other industries' outputs can be raised
in the same proportion. We shall call this an effortless increase in
output. If the original observed output data satisfiled an input-output

scheme
Ax = b,

the new derlved outputs on the first round of increments will also satisfy
it provided that finel demand is increased (by the authorities) in the same

proportion that all outputs are increased.*

* TIn the input-output model, curves of total cost are linear. Therefore
an inconsistency is introduced when using an input-output model in aggregating
capacity data derived from minimal points on U-shaped aversge cost curves,
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A = input-output matrix

x = vector of industry outputs

b = vector of final demand

py = reciprocal of operating rate of industry nearest to full utilization.

On the second round we raise the industry second nearest to full
utilization up to its capacity output and raise all other outputs in the
same proportion. The second industry and all industries below it in the
array can effortlessly have their production at the initial state multiplied by-;p2 (the
reciprocal of the operating rate in the second industry), but the first
industry cannot be increased above its full capacity rate, which it reached
on the first round, without some investment. The caleculation of the amount
of investment needed to bring about a given increase in the first industry's
capacity calls for the introduction of an accelerator coefficient of the
form

I; = ai&(xc)i,

vhere
= investment in the i-th industry

{(Ax ), = increment in capacity output of the
i=th industry.

S,
n

accelerator coefficient of the i-th industry.
On the third round of application of this method, we raise the industry

third nearest to full utilization up to its capacity output and raise all

other outputs in the same proportion. This step calls forth necessary

investment in the first two industries of the original array since both

are pushed beyond capacity output. Two accelerator equations, each with

different coefficients, in general, must be used.



-25_

This process is continued until investment potentiasl is exhausted.
In a practical problem of aggregation, the investment potential may be
taken as last year's investment (or the highest previous of the past
5 years if last year's was not a record level). This is an attsineble
capacity. The amount attainable depends on the period being considered.
In the shortest run, instantaneously, no investment is permitted, and
round cne ends the sequence. More investment is permissible over a
longer time period, and more rounds are capable of being completed.

Scme of the industries enjoying an incresse in capacity may be
industries producing capital goods, in which case the investment potential
is expanded, and attainable capacity is not limited strictly by recent levels of
invegtment.

The case of proportional expansion of all sectors is the simplest
to compute, but a generalization is obviously not difficult. ILet us
consider the first round of expansion more generally. We begin with an
initial situation in equilibrium (n x n)

Axo = b0

We raise the output of the first industry from xlO to plxlo and change
each of the elementes of bO by given emounts to bo+ﬂb0 = bl. Delete
one equation from the system - that defining the distribution of the

first industry's output ~ and determine the first round outputs from

the reduced system [ (n-l)x (n-1) ]
Apy¥) = P78 PiXy,

where
All = minor obtained from A by deleting first
row and column of A.
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xl = vector consisting of X510 xil’ xhl""'xnl =~ the first round
outputs of the remaining n-l industries.
bl = vector consisting of b20+ Abzo, b50+ab50,....bno+ébno.
a, = vector consisting of CIS a}l’ ahl"""anl -~ n-1 of the elements
in the first column of A.
plxlO = scalar capacity output of the first industry.

A similarly constructed system of order (n-2)x(n-2) would be used in
the second round, and so on.

A simple numerical example hes been worked out for the end of 1956,
using the McGraw-Hill series on capacity to compare with their aggregate,
weighted by shares in value added. 1In Table I, we have arrayed the
industries by degree of utilization (as reported to McGraw=Hill) at the
end of 1956, the Federal Reserve industrial production index for December
1656 on & 1950 base, the estimated ratio of investment in 1950 prices to
change in the index of capacity on a_l9%50 production base. The last
mentioned terms, the accelerator coefficients, are crudely estimated
from the ratios of cumulated gross investment by industry sector, 1951-56,

*
to the cumulated change in capacity over the same period. Since net

* In some cases Where investment data by industry are deficient, the
cumulative period covered for estimating the ratic is shorter than

1951 - 1956.

investment data are not available by industry groupings, we were forced
to add to the crudeness of our calculations by using gross investment

figures.
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In Table II we set out the successive rounds of computation.
At each stage an industry in the array is brought to capacity and all
other outputs are raised in constant proportion. The operating rate
at each stage is defined as the ratio of actual aggregate production
to actual aggregate production increased by an appropriate factor.
The operating rate at each stage is therefore identical with the rate

of the industries brought exactly to full utilization at that stage.

Table T

Aryrey of Industries for Aggregation of Capacities
and Utilization Rates.

Percent Index of Ratio invest-

pilietion produetion et to chene

end 1956 Index on 1950

1950 base production base
Iron and steel 98 127 213
Petroleum refining 96 142 310
Paper and products 96 122 67
Nonferrous metals g2 115 : =8
Stone, clay and glass S0 134 59
Textiles 90 9% 111
Rubber and products 88 115 20
Electrical machinery 87 165 28
Nonelectrical machinery 85 1h9 59
Miscellaneous manufacturing 85 124 208
Metal fabricating. 8% 123 T3
Chemicals 83 148 97
Transportation equipment* 80 348 6
Food and beverages 80 1 150

* Excludes motor vehicles,



-28..

Table IT
Aggregation of Capacities and Utilization Retes

Production Indexes and Investment at Each Round
Industry Round

I II III Iv A VI VII

Tron and steel 130" 132 138 14 1k 16 150
Petroleum refining 148" 154 158 162 163 167
Paper and products 127* 133 136 139 140 144
Nonferrous metals 125* 128 131 132 135
Stone, clay and glass 1h9* 152 154 158
Textiles 103" 106 107 109
Rubber and products .131* 132 135
Electrical machinery 190* 194
Nonelectrical machinery 175*
Miscellaneous manufacturing 146"

Metal fabricating
Chemicals
Transportation equipment
Food and beverages

Required investment _
(mill 1950 dollars) nil 426 3,963 6,160 8,862 9,955 13,069

Operating rate .98 .96 .92 G0 .88 87 .85

* full cepacity.

During 1956, aggregate manufacturing investment totaled § 15,036 mill.

In 1950 prices this deflates to about $ 12.2 bill. At this level of



- 29 -

investment, the operating rate, by Table II, should fall between .85
and .87. The McGraw-Hill average is happily at .86, but we should not
expect such close agreement in general. The same technique applied to
the estimates derived from trend lines through peaks glves a different
array of industries and different estimates of utilization retes. In
that case, the aggregate rate by the method developed here is 9L percent
for the end of 1956. A weighted average, with value~added weights, gives
98 percent., Several industries were operating at or near a peak of
their production time serjes; therefore, figures yielded by this method
are higher than the McGraw-Hill series.

The Federal Reserve manufacturing index for December 1956 on a
base of 1950 is 1%2. With a utilization rate of .86 as estimated from

the McGraw-Hill data, we would put attainable capacity at 153.

e measurement of cepacit the st ca) . One of our
original reasons for attecking the problem of capacity measurement was
to derive, if possible, a proxy measure for the stock of capital.
Proper accounting for technical progress is the major obstacle to the
derivation of adequate capital measures. Machines, buildings and other
capltal devices are continuelly changing in character. Since they last
more than one accounting periocd, at any point of time there is a
distribution of capital vintages which are difficult to combine. In
actual celculations by the statistician, these problems arise at three
stages. First, there is the estimastion of an initiel velue. At this
stage, all the different pjeces of capital equipment in existence at

some point of time must be valued in a common denominator and added
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together. OQObviously the measurement problem arises in full force here.
Second, there is the evaluation of gross capital expenditures for each
accounting period. The problem of price-level changes, cne of the

problems of measurement at this stage, is adequately under control by
national income statisticimns. Correction for inflationary or deflationary
movements in prices does not, however, eliminate the fact that different
commodities, as & result of technical progress, are involved in each
period's expenditures. Third, we have the intractable problem of estimation
of depreciation in order to derive net from gross investment. National
income statisticians have made real progress in unscrembling accounting
data on depreciation in order to form estimates on a common price level

for comparison with gross invesiment. They have not, however, been sble

to make apprecilable contributions to the specification of the time shape

of depreciation (stralght line or curvilinear, e.g.) or the appropriate
inclusion of figures on obsolescence.

These three sets of difficulties leave the problem of capital
measurement unsolved, and we might turn to our analysis of cepacity
measurement to see whether a usable proxy measure cen be obtained. From
a purely enalytical point of view, we have mentioned already that capacity
serves as a capltal proxy only in case the production function has a
special form, the clearest cut sltuation being fixed factor proportions
and s constant capital -{capacity) output ratio. But even if these

& priori conditions were to hold, some of the capacity measures would be
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subject to the same difficulties found f{or the estimation of capital stock.
Engineering estimates or subjective estimates like those provided on the
McGraw=-Hill surveys may well be independent of capital measures, but the
game cannot be sald of mesesures that depend on the use of current invest-
ment estimates. The method of trends~-through-pesks of production series,
if interpolated by investment outlays beitween pesks, directly depend on
capital measures with the same limitations caused by the inability to
account for technical progress. With mechanical interpolation between
peaks, the method still depends on investment data, &s illustrated in
the previous section, when an aggregative index is required.

In extending the capacity concept beyond engineering or purely
technical considerations into the realm of economics, through the use
of coet curves, it is not obvious that the problems connected with capital
measurement can be avoided. If operating costs are chosen to exclude
depreciation and obsolescence, the problematical aspects of capital
meagurement do not arise, This is the type of cost figure usged in our
empirical examples of electric power and steel production. The costs
included there are materials, fuel, wages and salaries. These are
variable operating costs. To some extent, depreciation depends on
intensity of use, and the data on current opersting costs should be
expanded to include estimetes of capital consumption. If this is done,
we have not derived a capacity measure independent of the difficulties
inherent in the measurement of capital. The full conditions for capacity
output, viewed as & normative position, would seem to be best formulated

in terms of the long run cost curve consisting of all elements of cost,
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including depreciation and obsolescence. In terms of this view,
we certainly cannot aveold the problems of capital measurement.
Smithies, in a highly suggestive and provocative article, has taken

*
up points that inspired some of the work in the present paper. His

* A, Smithies, "Economic Fluctuations end Growth", Econgmetrica, Vol. 25,
January, 1957, pp. 1-52.

macroeconomic model consists of three basic equations - a ratchet-type
consumption function, an investment function with ratchet and capacity
variables, and a capital-capacity equation. The consumption equation
is not germane to the present discussion, but the other two are. The
investment equation yields a relation between gross capital outlays,
current output, highest previous output, and capacity output. This
equation is an improvement over the simple orthodox version of the
acceleration principle in which net investment is made a linear or

*
proportional function of the change in output. It is also an improvement

* In this connection see alsc the discussion by F. Modigliani, comment
on the paper by B. G. Hickman, gp.cit., pp. 450-63.

over those generalized versions which allow for excess capacity by making
invegtment & linear funetion of output and the stock of capital. Instead
of using the stock of capital, Smithies uses the level of capacity output
as a varisble in the investment equation. This brings us a step nearer

to an "autonomous" relationship and thereby gives a better expression for

investment behavior on the demand side. At this stage of his analysis
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Smithies has possibly skirted successfully the problems of capital
measurement by using capacity as a variable in the investment function.
Such was his announced intention. But the system is not closed without
the third equation explaining the relationship between the stock of
cepital and capacity or, as Smithies puts it, between investment and the
change in capacity. In this equation, Smithiee reintroduces all the
difficulties of capital measurement into his model. Had he written it
as a capital-capacity relation, this would have been guite evident.
Substitution from a simple capital-capacity equation into the investment
equation to eliminate the capacity variable would have made his system
look nearly the same ag the conventional multiplier-accelerator system.
In Smithies' model, as he has written it, the change in capacity is s
function of gross investment, depreciation, and obsolescence. In essence
he has not, by use of such an eguation, avoided the problems of capital
measurement; he has simply assigned more specific and appropriate roles
to the concepts of capacity and capital in the economic process. The

measurement problem remalins as before.

e Chojce amo ternative Meas . In this essay, I have époken
about and made use of several alternative meagures of industrial capacity.
For a quick set of estimastes of high practical value, I would suggest
use of the Federsl Reserve index (or en extension of it to include more
industries) or of the method of trend lines through production peeks.

For e more basic treatment of the problem, I would prefer the use of

the approach through the estimation of cost functions, but this would



involve detailed enalysis of each industry throughout the economy.
This approach hes the effect of bringing economic as well as technical
considerations into the problem,

In studying investment behavior, subjective motivation of
entrepreneurs 1s the important consideration, and perhaps the McGraw-Hill
date gathered from individual businessmen as expressions of their own
estimates of capacity are relevant. Regardless of whether these are good
technical estimates and whether they refer to identical concepts of
capacity, they may be quite useful in studying investment behavior since
they are expressions of what the entrepreneurs think their capacity

levels are.
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