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ALTERNATIVE METHODS O F  MEASURING 
CAPITAL 

By T. Barna 

I. THE TWO CONCEPTS OF CAPITAL 

THE term 'capital' is generally given one of two alternative 
meanings. First, it can mean the individual's command over re- 
sources in the financial sense. This concept comprises the value 
of all assets belonging to an individual, including uon-repro- 
ducible assets like land and natural resources and intangible 
assets like patent rights and trade-marks. The assets included 
are valuable simply because they can be sold to other in- 
dividuals. The definition of financial capital thus depends on 
social institutions which determine the extent to which rights in 
property can be transferred between individuals. This concept 
of capital, which is primarily applicable to the individual, is ex- 
tended to economic units such as business organizations and to 
the nation itself. 

Secondly, the term 'capital' can mean a factor of production, 
one of the three major factors - Land, Labour, and Capital - 
distinguished in economic theory. In this sense, capital consists 
of physical objects which have been produced by the economic 
system and which are, in their turn, used for the production of 
other commodities. Real capital excludes land and natural re- 
sources; and it is difficult to work with a concept which includes 
intangible assets. Real capital is essentially a social concept, but 
it can be extended to economic units such as industries or firms. 

The distinction made here between financial capital and real 
capital is important, and it should help to clarify the discussion 
of definitions and methods of measurement. There are a number 
of different purposes for measuring capital and a number of ap- 
proaches to the problem of measurement; it will be found that 
each alternative is associated with one or the other of the two 
main concep1s.l 

This last point will be more fully developed in the next section, 
while subsequent sections discuss the principles of some statis- 
tical techniques; Section 3 deals with survey methods aiming at 

It is, of course, possible to reconcile the statistical difference between the two 
concepts. 
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a direct measurement of the value of capital, Section 4 with as- 
pects of the index-number problem which especially affect the 
measurement of capital, and Section 5 with the so-called 'per- 
petual inventory' method of estimati0n.l 

11. THE PURPOSE OF MEASURING CAPITAL 

Today the chief interest in estimates of capital is not so much 
to obtain a measure of 'national strength' or of 'welfare' but 
rather to analyse the social and economic structure. In practice 
this means that the aim is to obtain not just a compreheiisive and 
unique total of national capital but to estimate a set of analytio 
ally significant components; whether a uiliquely defined and 
measured total is possible or not, is no longer regarded as an 
important issue. The set of estimates of capital can be analysed 
either by examining the interrelation of different components or 
by relating it to measures of income or output flows and mea- 
sures of other factors of production (that is, labour and natural 
resources). 

The purposes for which estimates of capital are made can be 
divided into three broad categories connected with the problems 
of the distribution of wealth; social accounting; and economic 
development and growth. 

Tile problem of the distribution of wealth and of taxable capacity 
The purpose of estimates falling into this category is to 

establish the relative shares of individuals or groups of in- 
dividuals in total wealth. This also gives a measure of taxable 
capacity and the basis for proposals for the taxation of wealth. 
Estimates of the value of public property are incidental to 
the main puipose but are an important complement in so far 
as they indicate the relative importance of public and private 
property. 

For the purpose of indicating the distribution of wealth, 
capital is understood in the financial sense, and therefore it 
follows that valuation must be based on market prices. The re- 
levant statistical sources are normally a by-product of the ad- 

' Much of this paper is an  exposition of familiar views, and I have not dis- 
turbcd rhetext by ;~.lerencet tostind;!rd uurks. For a morerys~em~ticaccounr oS 
rhr pr~blem of nation31 cdp:ml cf. S. Kuzners 'On rhe hle1surcmenr of Narional 
\Vcalth'. Slarlie-s it, /,rco,,zc u,,d H'collb. Vol. 2. N B  E I < . .  Sew York. 1938. and 
R. W. doldsmith, 'Measuring ~ a t i o n a i ~ e a l t h ' i n  a system of Social ~ccouniing' ,  
Slttdies in I,t,reo,nc and WeallIr, Vol. 12, N.B.E.R., New York, 1950. 
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ministration of taxation, and the main problems discussed by 
the estimators are technical rather than theoretical ones. These 
technical problems arise uuder two headings: the interpretation 
of tax statistics and the adjustments to be made to them; and 
estimates for the area not covered by tax statistics. 

Estimates of the distribution of wealth are well developed and 
easily understood in countries which have capital taxation of 
one form or another. From the point of view of the statistics to 
be derived from them, capital taxation can be of two types: 
annual taxes or specific levies on capital, or taxes on capital 
passing at death from one owner to another. The latter type of 
tax (death duties) gives rise to interesting problems of estimation 
in so far as the amount of capital assessed for taxation in a 
particular period (a year or the average of several years) can be 
regarded as a sample of all capital in personal ownership. Such 
estimates have been particularly popular in Englaud during the 
past fifty years? It should be emphasized, however, that most of 
the discussion around this method was concerned with the 
sampling problem rather than with the central problems of 
measuring capital. 

The most effective form to analyse the distribution of wealth 
is by fitting Lorenz curves or log-normal curves, when the 
distribution can be described by one or two parameters (such 
as the Gini-coefficient).= Put into this form, the different dis- 
tributions should be comparable through time and between 
countries. 

The problem of social accounting and of economic research based 
on social accounts 

Striking attempts were made in recent years to extend the 
system of national income accounts to embrace capital accounts. 
The reason for these attempts is a dissatisfaction with the exist- 
ing system of national income accounts as a sufficient basis for 
the analysis of the behaviour of the economy. For the fuller 
understanding of the movements of the economy capital ac- 
counts, as well as income accounts, are necessary. In other 
' Cf., for instance, H. Campion, Public and P~ivatc Propwry in Great B~itoi,,, 

nrfnrrl 1 ~ x 9  ".", 
%Although originally started in connection with distributions of income and 

wealth, the study of these parameters received a stimulus from the recent interest 
jn the measurement of business concentration. Cf. P. E. Hart and S. 1. Prais, 
The Analysis of Business Concent~ation: A Statistical Approach', Journal Rgval 
Statistical Society, Series A, 1956. 
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words, a stock-flow type of dynamic analysis requires the sup- 
port of a more extensive system of social accounts. 

The need for capital accounts was, of course, always re- 
cognized in connection with the banking sector. Here behaviour 
is usually explained in terms of the items of the capital account - 
the various 'liquidity ratios'. In other sectors of the economy, 
though the influence of stock items on behaviour may not be as 
dominant as of flow items, capital accounts are essential for the 
measurement of rates of growth. 

The logical problems of extending social accounting to include 
an articulate system of capital accounts are not difficult to solve. 
Instead of incomings and outgoings, the accounts will show 
assets and liabilities. Capital accounts can be drawn up for each 
sector for which we have income-expenditure accounts. The 
items in the capital accounts can be classified in various ways, 
including the degree of liquidity of the asset or liability, legal 
criteria, or physical characteristics. 

A number of problems, analogous to those encountered in 
national income accounting, remain to be solved, and we need 
generally agreed conventions on their treatment. It is not within 
the scope of this paper to discuss these problems, but two 
illustrations are given. 

First, in an articulate system of accounts the classification of 
items ought to be consistent between accounts, but there are 
difficulties. An individual shareholder, for instance, regards 
shares in a first-class company as an easily marketable asset, but 
from the point of view of the company the corresponding lia- 
bility is of a long-term nature. In an analogous way, in national- 
income accounting the individual may regard payments of death 
duties as on capital account, but the Government may regard 
the corresponding receipt as on revenue account. 

Secondly, we have to decide how far assets and liabilities 
shown on a given account should be 'gross'. For instance, if an 
industrial undertaking is using rented buildings or plant, should 
it show their value among its assets and liabilities? In ordinary 
commercial accounting this is not done, but when comparing 
one industry with another it might be an advantage to show 
rented assets on both sides of the balance sheet. There is nothing 
illogical in this procedure, since the firm is normally responsible 
for the asset rented by it. The analogous problem in national- 
income accounting is the routing of transactions in input-output 
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tables. Alternative solutions are possible, but, in some instances, 
a particular solution is generally accepted as the most con- 
venient one. 

For social-accounting purposes capital is conceived again in 
the financial rather than in the real sense. Since assets and lia- 
bilities derive from ownership, valuation can in principle be 
based on recorded transactions. There are, however, two al- 
ternative valuations possible, at cost or at market price. The 
values o f  some, but not all, items in the capital accounts will be 
different according to which method is chosen, and this differ- 
ence can be quantitatively large with long-lived assets, especially 
in periods of  changing prices and interest rates. 

In practice, neither market prices nor costs are fully available. 
Market prices are typically available only for a relatively small 
proportion o f  capital items, and the value o f  the bulk is esti- 
mated from this proportion or i s  imputed. Costs, on the other 
hand, have often been lost in the records or superseded by the 
last recorded price when there was a change in ownership. 
Thus balance sheets are generally at cost, but when assets are 
acquired second-hand it is the cost o f  acquisition and not 
original cost which is recorded. Further, balance sheets are sub- 
ject to revaluations. 

It should be noted that capital accounts with items valued in 
terms o f  cost are generally consistent with income-expenditure 
 account^,^ but capital accounts based on market prices are not. 
Revaluations disrupt the simple arithmetic connection between 
the accounts. However, this is not a reason for preferring one 
basis to the other. The chief criteria for choice should be impact 
on behaviour rather than simplicity o f  calculation. 

It is probably true that on the whole market prices rather than 
original cost affect the behaviour o f  individuals, business, or the 
Government. For instance, the ease with which a company can 
raise new money from shareholders is a function o f  the market 
value rather than o f  the cost o f  its assets. I f  this is so, then 
the system o f  capital accounts ought to be in terms o f  market 
prices. 

At the same time, it is recognized by those who study eco- 
nomic behaviour that the original cost o f  assets also influences 
behaviour. Tax laws, for instance, are generally based on cost, 

'This is so if realized capital gains or losses are brought into the income 
statement. 
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and for this reason valuation at cost is relevant. Hence, occa- 
sionally, a concession must be made and items valued at cost, 
but this ought to be a supplement to the main principle of 
valuing at market price rather than a substitute for it. 

Market price in this context need not be understood in the 
literal sense as the price at the end of the year. In so far as prices 
are volatile or subject to special temporary influences, it is not so 
much the price of the moment as the 'normal' price which is 
relevant. This, of course, introduces further difficulties of 
measurement. 'Normal' price is generally understood as an 
average over a period, but it can also mean the price that would 
obtaiu under certain conditions regarded as normal. Such an 
estimate of normal price is made, for instance, by the expert who 
values a business 'as a going concern'. 

The problem of ecoizomic development and growth 
Beside the construction of an articulate system of social 

accounts, current interest in the measurement of capital stems 
from its importance as a symptom and a cause of economic de- 
velopment. For this purpose capital is understood in the real 
sense. We are interested in a group of physical assets, called 
capital, as a factor of production and in the contribution it 
makes to output. 

Most current work in this field is not concerned with the 
whole ecoilomy but with the industrial sector only. The chief 
reason for this concentration of interest is the relative ease with 
which statistics for the industrial sector can be obtained, but it 
is also true that some of the theoretical problems are less 
difficult in the industrial than in the other sectors of the 
economy. 

There are two main approaches to the valuation of capital - 
identifying claims to assets and identifying physical objects. The 
former is eminently suitable when capital is conceived in the 
financial sense, but only the latter approach is possible when 
capital is conceived as a factor of production. This is an im- 
portant qualification which implies a restrictionon the statistical 
sources and methods available. 

For the purpose of measuring real capital, we must form 
groups of physical objects rather than groups of claims to assets. 
One grouping is not readily translatable into terms of the other, 
for two reasons. First, the grouping of physical objects is accord- 
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ing to location but the grouping of claims according to owner- 
ship. Thus physical capital employed in an industry is not 
identical to the sum of claims of the owners of that industry; 
some assets may be rented from other sectors. Secondly, for 
business firms the market may provide a valuation of the total 
net claims of the firm, but this cannot be broken down according 
to physical objects: we cannot, for instance, infer from a stock- 
exchange quotation of a company's securities the value of its 
fixed assets. 

The customary classification of capital is into fixed capital 
and inventories, but for many purposes it is more useful to 
revert to Adam Smith's fourfold classification distinguishing 
fixed capital, circulating capital, durable consumer goods, and 
perishable goods in the hands of the consumer. The last category 
is hardly measurable, nor is it analytically important to deal with 
it. Durable consumer goods include, on Adam Smith's defini- 
tion, dwellings, and should also include all kinds of social 
capital, such as schools and hospitals. Circulating capital is then 
identical to inventories as commonly understood and fixed 
capital to structures and equipment other than dwellings and 
social capital. It is an advantage to keep these three categories - 
inventories, durable consumer goods and social capital, and 
other fixed assets - separate, since in many respects a different 
economic analysis is appropriate to each, and the problems of 
valuation and of measurement are also likely to be to some ex- 
tent different. 

The rest of the paper will apply specifically to the last category 
only, the tangible fixed assets of industry (in the broad sense). 
The problems of valuation and measurement arise in the most 
acute form in connection with this category of capital, partly be- 
cause of the relatively long life of fixed assets and partly because 
of their enormous heterogeneity. 

Almost all business firms compute balance-sheet values for 
fixed assets, although these figures are not necessarily published. 
The rules for these computations are determined partly by law, 
partly by accounting convention. In some instances firms com- 
pute more than one balance-sheet value; for example, deprecia- 
tion for taxation may differ from the figure adopted by the firm 
for its own use. The principles by which the values are computed 
for taxation are generally known, although the resulting figures 
are generally not published for individual firms. On the other 



42 I N C O M E  A N D  W E A L T H  

hand, the methods used in arriving at published balance-sheet 
values are not always known. 

In balance sheets - publislied or filed with the authorities - 
we have a mass of data which often tempts the statistician. For 
certain practical purposes balance sheet data are of real eco- 
nomic significance; for instance, taxation or governmental price 
fixing may be based on them. But it is doubtful whether these 
data are acceptable in studies of real capital. 

There are two main reasons against the use of balance-sheet 
values. First, they are in terms of original cost (or, rather, cost 
of acquisition). Secondly, depreciation always tends to err on 
the conservative side, and in consequence a significant propor- 
tion of assets may not be represented in the balance sheet or 
represented at a value which is unduly low in relation to its cost 
of acquisition. The fact that occasional revaluations take place 
makes the task of the statistician more difficult rather than 
easier, because comparison between firms and industries be- 
comes subject to further q~alification.~ 

Balance-sheet values are relevant only in so far as they in- 
fluence market values. As already mentioned, original cost does 
to some extent affect behaviour and thereby the market value of 
assets. If, for instance, price control based on original cost 
operates, this will depress the profitability and hence the market 
value of assets. In so far as business-men in reaching investment 
decisions take into account the original cost of old investment 
and accumulated depreciation provisions, this also would affect 
market values. But while these factors may help to explain price 
formation, they do not make balance-sheet values a suitable 
basis for measuring capital. 

The obvious answer to the search for 'realistic' valuation is 
market price. The difficulty is that market price is not always 
available or, when available, is not necessarily accepted as 
typical. 

In Western industrial countries a la~ge proportion of in- 
dustrial capital is valued on the stock exchange. Apart from a 
number of technical problems, there are three major difficulties 
in using stock-exchange quotations in the present context. First, 
prices are too sensitive to short-term influences, and averages 

A survey of the larger British industrial firms a,oulrl suggcft thar the r;ltio 
but\\ccn some 'rc3limc' value of fixed L S S ~ I E  and p~blishcd bll~ncc-sheer values 
varies enormuusly from firm to firm, industry to industry, and through time. 
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would have to be taken over rather long periods. Secondly, ss 
already mentioned, stock-exchange prices reflect capital owned 
rather than capital employed in production, and an analysis of 
the total by type of asset is logically impossible. Thirdly, these 
prices reflect not only the value of physical assets but also the 
good luck or misfortune of the industry in which they are used 
and the efficiency of management. 

Hence only the market for buildings and equipment can give 
guidance. As only a fraction of fixed assets are new, it is in fact 
the second-hand market which is relevant. This market can 
seldom give a readily acceptable quotation. In any reasonable 
period only a small proportion of assets passes through the 
market, or with many kinds of assets none at all, and there is 
always a suspicion that these are not typical of the classes which 
they represent. For most industrial assets there are very heavy 
costs attached to the transfer of ownership, and to a large extent 
the second-hand market represents exceptional cases, such as 
assets sold by bankrupt firms or by leading firms whose policy is 
always to have new assets. Moreover, second-hand prices are 
volatile, and a change from a sellers' to a buyers' market can 
bring about a disproportionate change in price. 

Even though observed market prices are not always accept- 
able, in principle the equivalent of 'normal' price can be im- 
puted. In everyday life such estimates are frequently made by 
experts for the purpose of, for instance, fire insurance, adjust- 
ments to the balance sheet, offers of purchase, or public price 
fixing. Balance-sheet values and recorded market prices are 
deceptively accurate. The expert, frankly, estimates or guesses, 
but this process may give results which are economically more 
significant. 

The expert tries to estimate the market price that would ob- 
tain under certain hypothetical conditions. He assumes, for 
instance, that the transaction takes place as between willing 
seller and willing buyer. The study of the processes by which 
experts arrive at valuation opens up the possibility of obtaining 
a new source of economically valid data. One interesting in- 
stance is the study of legal cases involving disputes about valua- 
tion when the evidence of experts is available to the public? 

This type of valuation, which seems to be the only satisfactory 

' For an excellent example of such studies, cf. 3. C. Bonbright, The Val!mrion 
ofproperty, New York, 1937. 
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one for the measurement of real capital, is discussed more fully 
in the next section. 

I l l .  SURVEY METHODS 

Estimates of capital are generally based on published statistics 
of capital formation, on published balance sheets, or on calcula- 
tions of physical capacity and costs of construction. The direct 
method of collecting data for the specific purpose of measuring 
capital is seldom used. Such data are, however, available, since 
they are needed in everyday affairs. 

Economic theory provides the general formula for rational 
valuation: the value of an asset is equal to the sum of the dis- 
counted future income stream expected from it. This formula 
focuses attention on expectations, which are subjective, and on 
the fact that the future is always discounted compared to the 
present. But the application of the formula is not generally 
practicable. Men of affairs do not use formulae; this is just the 
economist's way of rationalizing their implicit methods. 

The general method followed by the expert is to estimate re- 
placement cost, and this can be done in two steps. First, he 
estimates the cost of replacement with a brand-new asset and, 
second, he makes an allowance for age, wear and tear, and 
obsolescence. The difficulty is that replacement, if it were to 
take place, would not he by identical units. As a result of in- 
ventions, capital undergoes an almost continuous and steady 
improvement, and hardly any two assets produced at different 
times are identical. The expert has to find a modern substitute 
for the existing asset and has to take account of differences in the 
profitability of the two types of asset. Lastly, when he takes age 
into account, he has to look forward and estimate the likely 
future life of the asset, rather than look into the past to deter- 
mine expired life. Expert valuation is an art which consists of 
finding the amount of new and modern assets which is the 
equivalent of the old and obsolete asset in the economic rather 
than in the engineering sense. Different experts will, of course, 
arrive at different results, but this is no inore than to say that the 
estimates are subject to error. 

Replacement cost should include, in addition to the cost of 
acquisition of assets, also the cost of installation and other 
incidental costs. There is an important difference between the 
value of assets as installed in certain relation to each other and 
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the break-up value when each asset might be sold separately. 
For our purpose assets should be valued at their worth to the 
existing management on the assumption that they want to con- 
tinue in business. 

The estimate also depends on the units into which assets are 
divided for valuation, and it is a recognized principle of pro- 
perty valuation that the value of the sum total of assets may 
differ from the sum total of the value of each asset. A machine 
consists of different parts which wear out at diierent times; the 
life of the machine may well be determined by a relatively short- 
lived component. If the lay-out of a factory is obsolete, its value 
may evcn be less than the break-up value. On the whole, how- 
ever, the value of a complex unit is higher than that of its com- 
ponent parts because of the labour necessary to create the com- 
plex. The choice of a suitable unit for valuation is important in, 
for instance, valuation for fire insurance. This is especially so in 
modern factories, where the insured is more concerned with the 
possibility of partial loss than with total destruction. The usual 
practice is to value neither a whole factory or workshop as a 
unit, nor the smallest possible items, but something intermediate, 
such as a machine with all its attachments or a complex plant 
which operates as a single entity. 

It was stated that the expert, in general, makes his estimate in 
two steps: he estimates the cost of a new asset, which is then 
adjusted (written down) to take account of the actual state of the 
asset to be rep1aced.l Hence two different concepts of replace- 
ment cost are distinguished: the cost of replacement with new 
and the cost of replacement with second-hand assets. It is the 
second concept which corresponds to the value of capital in 
economic theory, but the first has great practical importance. 
Very often experts estimate replacement cost new only. Some- 
times, when the asset is near the end of its useful life, they esti- 
mate written-down replacenzent cost (which is a better term than 
'net replacement cost') directly, without taking two separate 
steps. 

Replacement cost new sets an upper limit to replacement cost, 
as it is normally possible to replace by new assets, though, ex- 
ceptionally, an allowance must be made for scarcities (when 
the asset is not readily obtainable at the ruling price). The 

'The rate at wheh the expert writes down new assets is not necessarily 
identical to the conventional rate of deprec~ation. 
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manufacturer would clearly be better off, apart from the dis- 
turbing effects of the change, if he were to replace old assets by 
new. 

The value of assets declines with age partly because the ex- 
pectation of further life declines and partly because of falling 
efficiency (in an economic or in a technical sense). It logically 
follows that value declines faster than efficiency, and indeed for 
important classes of assets efficiency does not decline at all. For 
this reason replacement cost new is a useful concept when ex- 
amining the relationship of assets to current output, and cer- 
tainly more relevant than written-down replacement cost in 
forecasting requirements of incremental capital. 

One particular purpose for which replacement cost is esti- 
mated is fire insurance. The estimate of the insurable value can 
be the result of an elaborate procedure by experts or simply a 
guess by the business-man. This valuation ought to be realistic, 
and in the great majority of cases it is, as on its appropriateness 
the survival of the firm may well depend. 

Since fire insurance is general, it is a possible source for 
statistical data. This was realized for a long time, as evident, for 
instance, from the interest shown in fire-insurance statistics by 
the St. Petersburg Congress of the International Statistical In- 
stitute in 1872. But to be able to interpret fire-insurance statis- 
tics, a direct survey of insurance policies is needed. 

In a project into the measurement of capital in British in- 
dustry at the National Institute of Economic and Social Re- 
search in London the empirical problem was tackled in two 
stages, corresponding to the two steps of the expert valuation 
process. In the first stage the replacement cost new of fixed 
assets was investigated, and in the second the length of life of 
assets and their declining efficiency with age. In the first stage a 
sample inquiry into replacement cost was undertaken and its 
chief results are shown in Table 1.l 

The inquiry concluded that the valuation of fixed assets for 
fire insurance does give a good basis for estimating, in an 
economically significant sense, the value of assets. But the 
figures which can be obtained from manufacturers are meaning- 
less without an adequate explanation of the basis of valuation 

' For a full account of the inquiry cf. T. Barna, 'The Replacement Cost of 
Fixed Assets in British Manufacturing Industry in 1955', Journal of the Royal 
Statistical Society, Series A, 1957. 
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and of the coverage. In certain instances supplementary in- 
formation is required on uninsured assets and on the degree of 
under-insurance. Uninsured assets are confined to a small 
number of industries, and the problem was by-passed through 
obtaining insurable (as against insured) values and other esti- 
mates of replacement cost. Some firms disclosed the degree of 
under-insurance and, in general, under-insurance is unlikely to 
have greatly affected the results. This is so because small firms, 
which are more likely to under-insure, were not sufficiently re- 
presented in the sample and also because firms who were aware 
of defects in theit insurance valuation tended to refuse to par- 
ticipate in the inquiry.l 

The second stage of the inquiry, into the life of assets, aims 
mainly at the description in qualitative terms of the relevant 
characteristics of assets, but a certain amount of statistical data 
was also collected from a sample of firms (which is not neces- 
sarily representative for British industry). The statistics col- 
lected can be translated into terms of demographic statistics - 
life tables, mortality rates, average expected life, age distribu- 
tion. etc.= 

The questions asked seek to obtain information on the life of 
assets: (a) as implied in the firm's depreciation policy, and (b) as 
shown by past experience. Although the past isnot necessarily a 
guide to the future, the returns received invariably indicated that 
assets acquired in the past lasted significantly longer than im- 
plied in depreciation policies? 

1V. VOLUME INDEXES 

The problem of splitting changes in the value of capital into 
changes in price and changes in volume is the general index- 
number problem in a very acute form. This is so because of the 
great heterogeneity of capital assets. A given commodity can he 
produced by more than one technique, each employing a 
different set of equipment, and, moreover, assets of the same 
type differ in age, and this makes them different from an econo- 
mic point of view even if measurable physical wear and tear is 
negligible. But the real difficulty is that because of technical 

' On the nsrurc of fire insurance, see also Appendix A below. 
' A fitll report on this stage of the inquiry is nor yet available. 

11 should bc noted that. :!s rca;irds assurnntions for the lrncth oflife oiassets. 
on the whole. cornuanv deorecyatr 

-- ~ - - ~ ~ - ~  ~u -~ ~~ ~~-~ 

on uolic&s do not differ substanti ally from 
normal tax d~preci&ion. - 



TABLE 1 P m 
Replacement Cost New of Fixed Assets in Manufacturing, United Kingdom, Mid-1955 

Standard 
lndvstrlnl 

Clrsri- 
fication 

Minimum 
List 

Heading 

21 
22. 23 
24 

Order 111 

30 
31, 33 
32 
34 
35(i) 
36 

Order JV 
40.41, 43 
42.44 
49 

Order V 
50 
51, -69 
70-79 

Ordor VI 
80, 82, 83 

Order VIl 

Industry 

China and eaith~nwrre 
Glros 
Cement 
Ofhor 

Treatment of nohmewlliferous 
mining products 

Coke ovens 
Chemicals. etc. 
Drugs m d  toilet preparations 
Paint and varnish 
Soap, etc. 
Mineral oil refining 
Othor chemicals 

Chcmicrls and allied trades 
Iran m d  stcel 
Foundries tubes etc.  on-rerrols met;ls 

Meld manufacture 

Employ- 
Employ- 
ment on 

190 
400 
300 
100 

160 

300 
200 

Shipboilding 223 
Mechnniwl engineering, etc. 990 
Electri~nl ongincedng, ctc. 800 29 
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development the nature and quality of capital equipmenr is 
constantly changing, and this process is irreversible. 

In measuring the volume index of a bunch of commodities we 
generally rely on the fact that there are situations in which the 
prices of the commodities constituting the bunch are com- 
parable, and it is on this basis that Professor Stone devised a 
basis for allowing for quality change.l With capital, however, 
the chief difficulty is that such situations do not exist, and cannot 
exist unless the technique of production of each industry were 
fixed, because quality change is not a reversible process, though 
for some consumer goods it is. Professor Stone also assumes that 
more than one quality of a given commodity is marketed at the 
same time, which is likely to be so in the case of consumer 
goods, where the market provides for the differing tastes of the 
public, but less likely in the case of capital goods, which are 
purchased not for subjective reasons but to make profit; here 
the latest model completely supersedes the earlier one, except 
during a transitional period when price comparisons might be 
misleading. 

If we compare two economies, the sets of equipment used are 
likely to be different in them precisely because econonlic cir- 
cumstances are different. If technological knowledge is the same 
in the two economies, the chief determining factors in the choice 
of equipment are real wages and the rate of profit ruling in the 
economy. Comparison is possible only if we revalue capital in 
one country on the assumption that the real wages and the rate 
of profit of the other are ruling - and this, of course, may lead to 
absurd results. 

If, on the other hand, we take the same country at different 
times, technological knowledge has changed, bringing in its train 
changes in real wages and/or rates of profit. The dimculties are 
there again. Comparison is only possible through imputed 
prices and not by measurement of market prices. Even if the out- 
of-date and the newly invented equipment are produced simul- 
taneously, this will be during a transitional period when relative 
prices represent neither relative costs nor relative value to the 
user but something between the two. 

It is clear that if we make comparisons either between econo- 
mies or through time, the outcome will be different according to 
whether we measure capital in terms of resource inputs or in 

R. Stone, Qrtantity and P,ice firdens in Nario,ral Accounts, 0.E E.C., 1956. 
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terms of final output - in terms of effort or in terms of efficiency. 
The more primitive economy has to make a greater effort to 
produce a given result. 

Capital in terms of investment effort - that is, accumulation in 
the classical sense - ought to be measured by a value index de- 
flated by a cost index. The chief constituents of the cost index 
are wage-rates and the rate of interest or profit? The rate of in- 
terest affects the cost of brand-new equipment, since this re- 
quired other, already existing, equipment for its production. 
Further, the rate of interest also enters the formula which relates 
equipment of a given age to the cost of brand-new equipment of 
the same type.2 

Capital in terms of productive efficiency, on the other hand, 
should be measured as a refined volume index which takes 
account of improvements in 'quality'. But while such an index 
for consumer goods can be attempted with reference to market 
prices, for capital it must, in general, be imputed. We require a 
set of technical data, wages, and interest rates to compare one 
technique with another. 

There are, then, two main alternative measures of thevolume of 
capital - capital conceived in terms of effort or in terms of 
efficiency. I t  is not possible to compromise between the two, 
since technical progress, by its very nature, continually widens 
the gap betwee11 them. For different purposes we need a different 
concept, and it should prove useful to compute both indexes? 

A survey of econometric literature indicates that the chief 
attempts which have been made to measure capital were neither 
in terms of input nor in terms of output, but, somehow, in terms 
of its own 'price'. To compute a price index for capital goods is 
not easy - partly because it is not clear what such an index 
should measure - and often very primitive calculations (such as 
price per ton of machinery) are incorporated. The authors, as far 

' The cost of materials can also be resolved into wages and interest or profit. 
For the solution of the index-number problem, which arises from the need to  

take account of both wage-rates and interest, Professor Chamuemowne suggested .. 
hlrs. loan Robinson, on 111s other h n d ,  is more inclined to deflate by w:tgrs 

only The latter is admitredly 3 cruder methud, but i t  is much simpler, and it  la 
~ r o b i b l c  t k ~ r  not much is loit in accuncv. it can bc arcued that in the mo,t 
interesting comparisons the differences i n  wage-rates a r e  large but in rates of 
profits perhaps not. See articles by D. G. Champemowne, R. F. Kahn, and J. 
Robinson in Review of Ecorromic Studies, 1953-54. 

I did not mention other indexes - such as the index of caoacitv - which are 
one-dimensional and do not take account of the economic essence bf capital. 

E 
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as can be seen, do not correct for 'quality change'. In other 
words, the index of the 'price of capital goods' implicitly takes 
account of inventions which reduce costs in the first instance in 
the investment-goods sector but not of inventions which reduce 
costs indirectly in the consumption-goods sector. For obvious 
reasons the movements of such an index must be between those 
of the two other indexes. 

V. A N  INDIRECT METHOD 

The direct method of comparison is to take the value of capital 
in two situations and to correct for price differences. The so- 
called perpetual-inventory method, which was pioneered by Dr. 
Goldsmith in the United States, achieves the same end in- 
directly.= Here one takes capital formation year by year, cor- 
rected for price changes, and then the figures are cumulated and 
suitable deductions are made for capital consumption. The con- 
ceptual problems connected with the basis of valuation and 
with the price deflator, which were discussed in previous sections 
of this paper, are present but perhaps less easily recognized. All 
in all, the perpetual inventory method differs from the direct 
method only as regards statistical technique. The method was 
developed and used to exploit readily available statistical data. 
It suffers from the disadvantage of all indirect methods of 
measurement that its results may be subject to large error. 

The method estimates both replacement cost new and the 
written-down replacement cost of capital, and changes in their 
volume over time. The results obtained depend on: (a) annual 
statistics of capital formation; (b) price index-numbers for 
capital, and (c) estimates of the length of life of assets. The con- 
ceptual problems are subsumed in the type of price index used, 
which was already discussed at the end of the preceding section. 

The quantitatively crucial factor in the method is the estimate 
of the length of life of assets. In the United States the estimates 
of Dr. Goldsmith, and more recently of the Department of 
Commerce, and in the United Kingdom those of Mr. Redfern,2 
are based on lives implied in typical (but not universally 
adopted) depreciation rates for income-tax purposes. 

For the United Kingdom I could adjust Mr. Redfern's esti- 
' R. W. Goldsmith. 'A Peroetual Inventorv of National Wealth'. St~tdies in 

Income and WeaW, Vol. 14, N:B.E.R., New vork, 1951. 
* P. Redfern, 'Net Investment in Fined Assets in the United Kingdom, 1938- 

1953', Journal of tire Royal Statistical Society, Series A, 1955. 
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mates to make them comparable with my own estimates, which 
are based on the direct method. The disturbing gap between the 
two estimates is shown in Table 11. The dividing line between 
buildings, on the one hand, and plant, on the other, is not un- 
ambiguous, and too much attention should not be paid to the 
separate figures. The error in my estimate due to sampling and 
the errors in my adjustments to Mr. Redfern's estimates are, 
probably, of a smaller order of magnitude than the gap between 
the two sets of figures. As regards conceptual differences, these 
tend to cause a gap in the opposite direction to the one actually 
found. 

TABLE I1 
Comparison of Two Estimates of Fixed Assets in Manufacturing, 

United Kingdom, Mid-1955 
(in f thousand million, 1955 prices) 

1 Buildings Plant and Total (exc. / Machine* / vehicles) 

Original coverage increased to include: (a) factories built by the Government 
during the War and now leased to private firms, and (b) assets for government 
research and development. 

'As in Table I, plus Atomic Energy Authority. 

Redfern 1 . . , , 
Barna" . . 
DiKerence as percentage df 

Redfem . . . . 

The discrepancy is thus due to statistical factors which in- 
clude, in order of importance, the following: 

(a) The length of life of assets is longer than implied in the 
income-tax depreciation rates, and this is consistently con- 
firmed by the results of more recent research. 

(b) Capital formation is under-reported in annual statistics. 
In general, a proportion of assets is charged to revenue, 
and such assets are not represented in statistics of capital 
formation but are included in estimates based on a direct 
inventory. A unique instance is the subsidy element in 
private capital formation, which is the result of govern- 
ment-financed asset creation during the War; this, itself, 
might explain one-fifth of the gap shown in the table. 

(c) Statistics of capital formation are subject to the usual 
statistical errors, which might have been important in the 
earlier years utilized by the perpetual-inventory method. 
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It is probably true to say that the perpetual-inventory method 
is subject in all countries to the same kinds of error as in the 
United Kingdom, though it is difficult to generalize about the 
magnitude of these errors. 

VI.  CONCLUSIONS 

In recent decades the popularity of national-income estimates 
far exceeded that of estimates of national wealth. This was not 
so in the eighteenth and the earlier parts of the nineteenth 
centuries, when estimates of the national wealth were frequently 
made and the 'strength of nations' was often compared in terms 
of capital rather than in terms of output. 

The inherent difficulties in measuring national capital are ob- 
vious. The logical difficulties are equally present in the measure- 
ment of national income (taken as the equivalent of cousump- 
tionplus additions to the stock of assets) but are, quantitatively, 
far less important. I t  is probably true to say that individual in- 
come is more difficult to define and measure than social income, 
but social capital is a more difficult concept than individual 
capital, which represents an individual's share in total wealth. 

But there are also deeper reasons for the fluctuating fortunes 
of estimates of capital, and these derive from changing emphasis 
in economic policies and in economic theory. In the eighteenth 
and early ilineteenth centuries the use of national wealth, as 
against national income, estimates was not unconnected with 
economic theories, which assumed that wages were determined 
by the subsistence level. In these theories the cost of labour is 
fixed, and labour itselfis produced by the system in the same way 
as commodities are produced. The aim of the economy is to 
maximize the surplus produced over the cost of materials and 
labour. National capital is not an unsatisfactory measure of the 
results of this activity, and in many respects it is a better measure 
than the sum of capitalist incomes (rent, interest, and profits), 
since it includes durable goods which yield no money income 
(such as furniture, jewellery, and precious metals). 

With the growth of interest in the standard of living of the 
people, attention became concentrated on estimates of national 
income. The main purpose of statisticians, for many years, was 
social rather than economic. The deliberate construction of 
national-income estimates for purposes of economic analysis 
became customary only in the inter-war period, and received its 
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final impetus during and after the last war. The system of 
national-income accounts, as we have come to know it, is 
intimately connected with the economic problems of the de- 
veloped Western countries in the last twenty-five years and with 
Keynesian economic theory. In fact, the system of accounts is, 
ultimately, a statistical analogue of the Keynesian fiscal policy 
model. The chief purpose of this model is to prescribe fiscal 
policies for curing either unemployment caused by lack of de- 
mand or inflation caused by excess demand for resources. 

There are limitations of this approach in two main directions. 
First, the national income accounts are in themselves in- 
sufficient when one is dealing with problems requiring monetary 
as against fiscal policy measures. Secondly, they are obviously 
insufficient in dealing with problems of economic development 
which have become one of the pre-occupations of contemporary 
economics. In both instances we require capital as well as in- 
come estimates. In the first instance we require estimates of 
claims and liabilities, that is estimates of capital understood in 
terms of finance. In the second instance we require estimates of 
'real' capital. These estimates are required not in substitution of 
estimates of income but as a complement to them. 

The chief difficulties with studies of real capital are partly con- 
ceptual and partly statistical, although the two kinds of diffi- 
culties interact. The purpose for which estimates of real capital 
are needed must be explicitly stated, since different purposes 
require a different approach. On the statistical side there is need 
for direct and more detailed studies of capital and its effect on 
productivity. 

A particularly undesirable possibility is the use of estimates 
for developed Western countries, which are either inaccurate or 
prepared for a different purpose, for the planning of economic 
development in other countries. Clearly a structural analysis, if 
necessary based on detailed engineering data, should be superior 
to the much-abused method of indirect statistical inference. 



APPENDIX A 

NOTE O N  FIRE INSURANCE 

A fire policy is a contract whereby the insurer undertakes to com- 
pensatc the insured for direct losses incurred in the event of fire. 
There are a number of different types of policy but, in the United 
Kingdom, they commonly embody the following principles: 

(1) The policy gives cover for the destruction or physical deteriora- 
tion of assets and not for consequential losses due to fire 
damage: production may be interrupted as a result of fire and 
profits may consequently suffer, but this loss is not covered by 
a fire policy. Another policy may be taken out to cover for loss 
of profits, including such items as the salaries of a nucleus staff 
and prestige advertising while production is interrupted, but 
such policies need not concern us here. 

(li) It is universal practice to place a definite value on the assets 
insured, the determination of this value depending on the type 
of policy. 

(iii) In the event of fire the insured cannot receive more than full 
compensation, in terms of a given policy, even if he has placed 
an excessive value on the asset; but he can be under-compen- 
sated if he has placed an insufficient value on the assets. 

Generally, fixed assets are specsed separately from stock, and the 
technique of valuation is also different for the two types of assets. 
Seldom is a detailed list of items attached to the policy, but more 
commonly a factory is insured as a whole, specifying separately 
buildings and plant. In larger factories there is a tendency to insure 
by zone. There is also a tendency on the part of the insurer to insert 
the 'average' clause in certain types of policy under which all parts 
of a whole are deemed to be valued on the same basis. This means 
that if in the event of a loss the value insured is less than the true 
value, the insured is required to bear a proportionate part of the loss 
himself. In other words, if the rate insured is £10,000, the true value 
£20,000 and the loss £4,000, then the insured can only recover £2,000. 

Two main types of policy exist: insurance for reinstatement and 
insurance for indemnity. The values to be insured under the former 
type correspond to replacement cost new. Under the latter type 
current market values are insured: in fact, the most frequent pro- 
cedure is to determine current values as equivalent to written-down 
replacement cost. The choice between the different types of policy is 
left to the insured. He may, of course, always replace items lost with 
new assets, but under an indemnity policy he would not recover the 
full cost. 

56 
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The insured generally excludes assets which he regards as in- 
destructible. Apart from land, foundations to buildings fall into this 
category: they may account for 7-15 per cent of the value of build- 
ings. Most other uninsured assets are in heavy industry, and include 
roadways, railway sidings, blast furnaces, coke ovens, and similar 
assets which are not inflammable. The extent to which these assets 
are in fact indestructible is debatable. Cases are known when founda- 
tions have cracked as the result of fire and had to be replaced at great 
cost. Properly, the values insured ought to allow even for the demoli- 
tion of damaged buildings and for the clearing of debris. The practice 
of excluding so-called indestructible assets varies from firm to firm, 
but the impression was gained that the majority exclude foundations 
to buildings. 

In industries where a significant proportion of assets, if not the 
hulk, is uninsured, fire-insurance values would give a misleading in- 
dication of the value of fixed assets. Fortunately, in most of such 
cases firms are able to supply information on the replacement cost of 
all fixed assets. whether insured or not. Indeed. it aaaears that an in- , 
creasing number of firms is interested in possessing information on 
the replacement cost of assets quite apart from the need for such in- 
formation for lire insurance. These figures are used for estimating 
depreciation in excess of normal balance-sheet depreciation and for 
assessing the profitability of the business in relation to real capital 
employed. Only a few of the firms possessing this information did re- 
value assets in the balance sheet. 

Whether for fire insurance, or for other purposes, the technique of 
valuation can be divided into three categories: 

(i) A detailed valuation may take place based on an expert assess- 
ment of physical assets either by a firm of valuers or by the 
manufacturer's own engineers. This procedure is slow and 
expensive, and takes place only infrequently. 

(ii) The replacement cost of assets may be estimated by finding in 
the records the cost of acquisition and the date of purchase of 
each item, and by applying price indexes to bring these values 
up to date. The price indexes may he general or specifically 
prepared for the firm, and may or may not differentiate be- 
tween different types of assets. 

(iii) Short-cut methods may be used for bringing previously 
established values up to date by applying some index of prices. 

In principle, policies are annual, hut values insured are altered in 
the course of the year as additional assets are acquired or sold. It is 
not customary to make changes during the year to allow for the 
effect of changing prices, but such changes should be made annually. 
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It is known, however, that the latter kind of change is not made as 
regularly as it should be, and the valuation, especially of the smaller 
enterprises, is often brought up to date only once in several years. 

The question of under-insurance is the most difficult to discuss. 
Over-insurance may perhaps be ignored, as the insured is not allowed 
to benefit by it: over-insurance, if it exists, is due to errors in valua- 
tion rather than to choice. But many firms are known to under-insure 
in order to save on the premium. Although rates are differentiated 
according to trade, and whether or not the factory has a sprinkler 
system, many insured feel that in their particular case the risk is less 
than is implied by the rate. An important element in the manufac- 
turer's own judgment is the consideration of total loss, and therefore 
close attention is paid to factors such as the location of the factory (in 
relation to water supply or lire brigades) and the closeness of work- 
shops to each other. For a large lirm the wisest course is to prepare a 
good valuation of assets and then try to obtain a reduction in the rate, 
but this way may not be open to a small firm. Some firms under- 
insure by a given percentage with the express approval of the insurer. 
Here the difficulty can be overcome by asking for insurable values 
rather than for the actual sums insured. The problem is really con- 
fined to firms who under-insure in relation to the provisions of the 
policy. It should be made clear that the insurer is not trying to dis- 
cover whether or not manufacturers under-insure so long as no fire 
takes place, and in the event of fire he would reduce the claim in pro- 
portion to the degree of under-insurance. 

The existence and often the extent of under-insurance can be dis- 
covered by questioning the insured on the technique used to arrive at 
valuation. Under-insurance must be understood, of course, strictly in 
relation to what is meant to be insured, and account must be taken of: 

(a) the basis of valuation, whether for reinstatement or for in- 
demnity; 

(b) how far certain types of assets are not covered; and 
(c) the method of appraisal. 

For instance, an insured having a reinstatement policy and assets 
only a few years old may insure original cost even though the cost of 
replacement has risen since he bought the assets. He may exclude 
foundations and make an excessive deduction for them. But more 
generally, in a period of rising prices values are not regularly revised 
upwards, or revised by only an insufficient percentage. Some firms, 
even though they have a reinstatement policy, assume that the annual 
rise in prices just about offsets the depreciation of assets through age. 
Others add 50 per cent to pre-war values instead of 300 per cent. The 
largest firms employ at least one clerk whose business is to report to 



the insurer the acquisition of new assets, and policies are frequently 
revised, pretending to accuracy; yet the policy may be substantially 
different from the correct value. The impression gained is that in a 
number of instances manufacturers take out a reinstatement policy 
and in the course of time allow it to approach the value of an in- 
demnity policy, without, however, explicitly admitting this. 




