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This note looks at the choice of capital variable for studies of total factor
productivity. Most studies follow the lead of the early pioneers in growth
accounting and use the gross capital stock to represent capital input. It is
argued that a stock variable is not appropriate to explain changes in
economic flows and that capital consumption may be a better measure of
capital input. Calculations of TFP for six countries suggest that capital
consumption performs as well or better than capital stock in explaining
changes in value added. The note recognises that capital inputs should
ideally be measured by reference to "rental prices" but since these are so
rarely available, capital consumption may be the next best variable for
international comparisons of TFP.

Introduction

1. Total Factor Productivity, (OECD terminology is used rather than
"Multifactor Productivity" as proposed by the Conference organisers), is that
part of the change in value added which cannot be explained by changes in

inputs of labour and capital.' Total factor productivity (TFP) is seen as a
measure of technical progress which is "disembodied” in the sense that it
does not come about through using larger quantities of labour or capital.
Some part of TFP may be truly disembodied and occur because, for
example, producers are less wasteful in their use of intermediate inputs,
because they learn how to better motivate their work force or because they
combine capital and labour in more efficient ways. But in practice some part
of measures TFP may be due to poor specification, or faulty measurement,
of the labour and capital variables: if they more accurately measure the
guantities of labour and capital actually devoted to the generation of each
period's value added, a part of TFP may turn out to be embodied in either
labour or capital.

*The views expressed in this paper are those of the authors and should not be
attributed to the OECD.



2. The large majority of TFP studies have used the gross capital stock
(GCS) as the capital variable. This is the total value of capital assets at what
they would have cost to purchase, as new, in the current year (current price
GCS) or in a base year (constant price GCS), Denison's studies in the

1960's’ were influential both at the policy level and for statistical
methodology. The gross stock was preferred to the net stock, (which was
then seen as the alternative)' because it was felt that with proper
maintenance most capital assets go on working at a constant level of
efficiency throughout their lives. Denison's lead has generally been followed

by growth accountants including, for example, Solow" and Maddison”. At the
OECD, GCS is used for the TFP module of INTERLINK as well as in th_e
numerous TFP studies based on the "International Sectoral Data Base"" .

3. In some early TFP studies, Christensen and Jorgensonvii and also
Kendricks ™ used the Net Capital Stock (NCS) as the capital input although

they also used the GCS in subsequent work. Denison " later suggested
taking a weighted average of gross and net stocks, using weights of three
and one respectively. The Net Capital Stock differs from the Gross Capital
Stock because assets are valued at the prices at which they could be bought
in their present state instead of "as new" prices. NCS supporters argue that
"present state" prices capture the reduced efficiency of older assets due to
higher repair costs or growing obsolescence. Other authors have agreed
that there is indeed some loss of efficiency as assets age and that the GCS
requires some downward adjustment if it is to serve as the capital input

for TFP studies. However, the full mount of depreciation is generally agreed
to overstate the loss of efficiency. The U.S. Bureau of Labor Statistics (BLS)
applies an explicit age-efficiency function which reduces the value of the

stock by the presumed loss of efficiency due to aging.” The age-efficiency
relationship is represented by the hyperbolic function: S = (L-t)/(L-ft)

where S, is the relative efficiency of a t year old asset,

L is the service life,
and tis the age of the asset.

With values of B between 0 and 1, S, lies on curve that is concave to the
origin implying an increasing loss of efficiency as the asset ages.

Stocks versus Flows

4, The obvious problem in using GCS or NCS to represent capital input
is that they are stock variables in a model in which both the dependent
variable and the other explanatory variable are both measures of flows.
Specifically, in the standard formulation, Y = f(L,K) both Y (value added) and
L (labour employed or hours worked) both relate to flows of outputs and
inputs during a single accounting period while K measures the stock of
assets available for use over several accounting periods. That the mixing of
stocks and flows is not merely a semantic problem becomes clear when the




nature of the GCS variable is examined.

5. The Gross Capital Stock is the value of the capital assets - factories,
machines, transport equipment and the like - which are available at a point in
time for use in production at their "as new" replacement prices. "As new"
replacement prices are what the asset owners would have to pay to
purchase the assets in their original, pristine, condition. In competitive
market conditions, the price of an asset at the time of purchase is equal to
the present value of the income expected to be earned by the asset over its
entire service life. The GCS thus represents the sum of expected returns
through using assets over their entire lifetimes; when it is used to explain
changes in value added in a single year it has the severe drawback that it
includes the predicted incomes over the entire lifetimes of the assets in
periods both preceding and succeeding, as well as including, the year in
guestion. If the Net Capital Stock is used, the situation is only slightly
improved. The NCS excludes expected incomes preceding the year in
guestion but still includes the incomes that the asset is expected to earn in
all years following the year in question.

6. The use of stock variables in TFP calculations is sometimes justified
by the assertion that the services rendered by capital assets are proportional
to their prices. But this assertion can only be used to justify the addition of
disparate types of capital goods - e.g., machines and factories - into a single
aggregate called the capital stock. The problem is that because different
kinds of assets have different service lives the intensity with which they
contribute to production in a given year will not be the same.

7. To pursue the argument further, consider a country whose capital
stock consists of two assets - one factory and one machine. The original
purchase price of each asset is 100 units so that the GCS equals 200.
However, the factory has an expected life of a hundred years while the
service life of the machine is ten years. In any given year, therefore, the
factory will contribute a smaller portion of its total value to the production in
that year compared to the shorter-lived machine. Because the capital
services rendered in a single year are inversely related to service lives,

the capital services actually rendered in any given year can be approximated
by weighting the values of the assets by the inverse of their service lives.
This is a way of recognising that more of the value of short-lived assets is
used up in producing a given year' s value added than is the case with
long-lived assets. For the two-asset country, a measure of the capital
services rendered each year would then be obtained as
100/100+100/10=11 rather than the GCS measure of 100+100=200.

Of course, which measure is used makes no difference to a TFP calculation
if the asset composition remains constant, but if the composition is changing
the use of different weights may make a significant difference to the
measure of capital input and, hence, to measured TFP.

8. A capital service measure of the kind proposed here is available for
virtually all countries that compile stock statistics; it is, of course, capital

consumption.



Capital consumption as capital input

9. The idea of using capital consumption to measure the input of capital
in TFP calculations has been occasionally mentioned in the literature. In one

of the best early reviews of growth accounting, Creamer writes "The next
step is the choice of measure of capital services from the series available -
the gross stock, the net capital stock or capital consumption.” Unfortunately,
his implied promise to consider the use of capital consumption is not
pursued and his article concentrates exclusively on the choice between the

GCS and NCS. The idea was explored in more detail by Ward" who
concluded that "Annual capital consumption valued at a common
replacement cost may be taken to represent an initial proxy estimate

for the real annual capital factor input value of assets with differing lifetimes
and vintages".

10. One apparent problem in using capital consumption in TFP calculation
is that capital consumption is included in the dependent variable - GDP or
gross value added. It is true that for non-market producers gross value
added is obtained as the sum of capital consumption and compensation of
employed so that non-market gross value added is directly affected by
changes in capital consumption. But for market production - i.e., the
"business" share of GDP - the level of gross value added is unaffected by
the amount of capital consumption. Capital consumption is merely a charge
against gross value added (and other balancing items) representing the
amount that must be deducted in order to maintain the asset-owners' wealth;
annual variations in capital consumption have no accounting implications on
the dependent variable - GDP or gross value added.

11. There are several reasons why capital consumption is only an
approximation to the annual value of services rendered by the capital stock.
Several countries use geometric rather than straight-line consumption; the
former will give more weight to the services rendered by an asset during the
early part of its service life, while straight-line depreciation gives equal
weight to each year' s contribution which seems more appropriate for
present purposes. More important, perhaps, is the fact that asset values
represent discounted flows of services; in the case of the machine that cost
100 units the services that the entrepreneur expected it to render in the
course of its ten-year life must have exceeded 10 per year because of the
discount factor, so that 10 is an under-estimate of the value of its annual
services. The longer the life of an asset the greater is the understatement of
the annual services provided by the asset, so that when capital consumption
is used to measure capital services, it will, in general, give too much weight
to short life assets. And finally, assets are not in practice used with equal
intensity throughout their lives; this depends, among other things on cyclical
factors. This problem, however, also applies to the use of GCS or NCS.
Despite these imperfections, there seem to be good reasons to explore the
use of capital consumption as the measure of Capital input for TFP
calculations.



TFP using capital consumption versus gross capital stock

12. The OECD's International Sectoral Data Base (ISDB) contains, among
several other variables, long time series on value added, gross capital
stocks and capital consumption for 14 Member countries and for 30
"sectors" (i.e., kinds of activity). The data used for the results given below
are expressed in constant 1990 prices and are converted to U.S. dollars
using PPPs.

13. Total factor productivity indices have been calculated for six countries
usingconsumption of fixed capital and gross capital stock. Separate
calculations have been made for GDP, for manufacturing, for retail and
wholesale trade and for transport, storage and communications. The results
are graphed in Figure 1 and the indices themselves are given in Table 1.
The formula used is as follows:

TFP=| 2 |TFP,

where: TFP = total factor productivity index
VA =value added at 1990 prices and 1990 PPPs

ET = total employment
w = labour share in GDP, fixed at 0.7,
TFP, = total factor productivity index, 1990 value
and C = gross capital stock or consumption of fixed capital, both at

1990 prices and at 1990 PPPs.

The value of 0.7 for the labour share is the average share of compensation
of employees in GDP for the countries included in the ISDB. It includes an
imputation for the wage share of "mixed income" received by the
self-employed. The ISDB can also be used to calculate TFP with country
and sector-specific labour shares and these may be preferred for some
purposes. It seems unlikely, however, that the use of alternative shares will
significantly affect the conclusions drawn from the results given below.

14.  Afirst point to notice is the close similarity between the two sets of
results - TFPC (using consumption of fixed capital) and TFPK (using GCS).
Indeed, for the total economy the choice of capital variable makes almost no
difference in Germany, Australia and Finland. One reason for this may be
that these countries make relatively little differentiation in the service lives
assigned to different types of machinery and equipment so that the capital
consumption variable is less affected by shifts in the asset composition of
the stock at least as between different types of machinery. It may also be the
case that in these three countries there really has been no change in the
composition of the total stock as between short and long life assets. Finally it
should be noted that the capital input has a relatively low weight (0.3) in the
TFP calculation; this would account in part for the fact that the two curves
move in a very similar way for all countries and all four kinds of activities.



15. Perhaps the most striking result is that where the choice of capital
variable does ,make a difference, the effect of using consumption of fixed
capital is almost always in the same direction - namely to reduce the growth
of TFP. The only exceptions are for wholesale and retail trade in Germany
and (marginally) in Denmark; in Australia, the use of capital consumption
increases the rate of decline in TFP over the period.

16.  The tendency for capital consumption to reduce the growth of TFP
can be interpreted as meaning that it performs better than the capital stock
in explaining the growth of value added. Using capital consumption as the
capital variable we have generally explained more of the growth of value
added than when gross capital stock is used. In other words, the use of a
true flow variable "embodies" more of the growth of value added than the
stock variable which is usually used in these calculations.

BLS measure of capital services

17. Inits own, very detailed, TFP studies, the BLS uses the GCS as its
capital variable, but in addition to using a decay adjustment, BLS
researchers weight the stock of each type of asset by its "rental price", i.e.,
the rate of depreciation plus the discount rate minus the nominal holding
gain. The procedure is described in detail in the BLS Bulletin 2178 (See
reference (x) pp. 49-52) Michael Harper, currently responsible for BLS
studies of TFP, has also examined the effects of using alternative rental

prices.” It is clear that the BLS procedure generates estimates of the capital
services which are superior to stock variables and, also, to capital
consumption. The problem is that estimates of rental prices are not, so

far as we can ascertain, available for any country other than the United
States.

18. Rental prices could, in principle, be obtained directly from companies
that are in the business of renting assets. BLS researchers have not done
this because they believe that the rents charged by these companies include
a substantial service element - notably for repair and maintenance - which it
would be difficult to unravel from the rental price per se. BLS rental prices
are essentially estimated as the ratios of gross operating surplus to the
capital stock for detailed kinds of activity. At the present time, BLS must be
considered the world leaders in the techniques of measuring TFP and it
would clearly be useful if other OECD countries could follow their lead. In the
meantime, however, the use of capital consumption for TFP analysis could
be further explored; in terms of desirability it lies mid-way between inferior
stock variables and superior rental price measures.
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MANUFACTURING - USA

Figure 1 (continued)

MANUFACTURING - CANADA

105 — 105 N —~ )
5 — TG B5 !
75 m._u"i.wm

_H.m. A

55 it 4 b At — & —F — BB i T P ey
X RN s fc e 81811
_ MANUFACTURING - GERMANY MANUFACTURING - AUSTRALIA

o8 . e _E|

] o
E.V\l'\l\f\)\/lliﬁ 1

75 R .__.u_r[.\.\.ll![.

&5 €5

=l PRIPRST RN - B FFE ¢ C0ET R T e
RN e fEE 688 FB B

-

= ]
s f : EE 8 B BB EEE




Figura 1 {continuad)

WHOLESALE AND RETAIL TRADE - USA _ WHOLESALE AND RETAIL TRADE - CANADA

| 120 - -_— 120 ——
__.:"._..ﬁ Q _

WHOLESALE AND RETAIL TRADE - FINLAND WHOLESALE AND RETAIL TRADE - DENMARK
{F] - R — - (¥ ]

i —
— TP

| 1870
Bz
1974
1978
o7e
1880
Az
DB
o
SN
1980
1962
1970
aye [
1574
L
1978
L]
1982
B84
S
B4
wan
169z




Figure 1 (conlinuad)
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TOTAL ECONOMY (TET)
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