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1. Introduction 
 
In section 2 of this paper, we will provide a bit of an overview of some of the 
measurement problems that arise whenever we want to measure the productivity growth 
of an establishment, firm, industry or economy.  This overview will show that the 
KLEMS framework is not the end of the story but it is a good beginning. 
 
In section 3, we will consider some of the problems with the production accounts in the 
System of National Accounts 1993 (SNA 1993) that make one cautious about the validity 
of industry Total Factor Productivity (TFP) growth estimates that use national statistical 
agency real input output tables as inputs into their productivity estimates. 
 
In section 4, we will consider some of the problems that are associated with the 
measurement of banking sector outputs and the System of National Accounts FISIM 
(Financial Intermediation Services Indirectly Measured) imputations. 
 
Section 5 offers a brief conclusion.  
 
2. General Problems for the Measurement of Total Factor Productivity  
 
In this section,2 we will look at some of the general problems that arise when we attempt 
to measure the Total Factor Productivity of an enterprise, industry or economy.  The 
methodology for measuring the TFP of a production unit is due to Jorgenson and 
Griliches (1967) (1972) and will not be repeated here.  Basically, TFP growth between 
two time periods for a production unit is equal to a quantity index of output growth (or 
net output growth) divided by a quantity index of input growth.3  
  
2.1  Gross Outputs 

                                                   
1 The author thanks Dennis Fixler, Koji Nomura and Kim Zieschang for helpful comments.  They are not 
responsible for any remaining errors or opinions. 
2 This section draws heavily on Diewert (2001). 
3 Diewert and Morrison (1986) and Kohli (1990) provide an exact index number justification for this 
methodology based on flexible functional form production theory.  Note that no separability assumptions 
about outputs and inputs are required using this methodology. 
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In order to measure the productivity of a firm, industry or economy, we need information 
on the outputs produced by the production unit for each time period in the sample along 
with the average price received by the production unit in each period for each of the 
outputs.  In practice, period by period information on revenues received by the industry 
for a list of output categories is required along with either an output index or a price 
index for each output. In principle, the revenues received should not include any 
commodity taxes imposed on the industry’s outputs, since producers in the industry do 
not receive these tax revenues.  The above sentences sound very straightforward but 
many firms produce thousands of commodities so the aggregation difficulties are 
formidable.  Moreover, many outputs in service sector industries are difficult to measure 
conceptually: think of the proliferation of telephone service plans and the difficulties 
involved in measuring insurance, gambling, banking and options trading. 
 
2.2  Intermediate Inputs 

Again, in principle, we require information on all the intermediate inputs utilised by the 
production unit for each time period in the sample along with the average price paid for 
each of the inputs.  In practice, period by period information on costs paid by the industry 
for a list of intermediate input categories is required along with either an intermediate 
input quantity index or a price index for each category.  In principle, the intermediate 
input costs paid should include any commodity taxes imposed on the intermediate inputs, 
since these tax costs are actually paid by producers in the industry.  On the other hand, 
taxes that fall on the outputs produced by the production unit should be excluded for 
productivity measurement purposes.4  
 
The major classes of intermediate inputs at the industry level are: 
 
¶ materials 
¶ business services 
¶ leased capital. 
 
The current input–output framework deals reasonably well in theory with the flows of 
materials but not with intersectoral flows of contracted labour services or rented capital 
equipment. The input-output system was designed long ago when the leasing of capital 
was not common and when firms had their own in house business services providers.  
Thus there is little provision for business services and leased capital intermediate inputs 
in the present system of accounts.  With the exception of the manufacturing sector, even 
the intersectoral value flows of materials are often incomplete in the industry statistics 
(due to the lack of surveys). 
  
This lack of information means the current input–output accounts will have to be greatly 
expanded to construct reliable estimates of real value added by industry. At present, there 
are no surveys (to our knowledge) on the interindustry flows of business services or for 
the interindustry flows of leased capital. Another problem is that using present national 
                                                   
4 These conventions for the treatment of indirect taxes on outputs and intermediate inputs when measuring 
productivity date back to Jorgenson and Griliches (1972; 85). 
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accounts conventions, leased capital resides in the sector of ownership, which is generally 
the Finance sector.  This could lead to a large overstatement of the capital input into 
Finance and a corresponding underestimate of capital services into the sectors actually 
using the leased capital unless some care is taken in reconciling the primary and 
intermediate input accounts for owned and leased capital services.  We will look at this 
problem in more detail in section 4 below. 
 
It should be noted that at the level of the entire market economy, intermediate inputs 
collapse down to just imports plus purchases of government and other nonmarket inputs.  
This simplification of the hugely complex web of interindustry transactions of goods and 
services explains why it may be easier to measure productivity at the national level than 
at the industry level.  We will pursue this point in more detail in section 3 below. 
  
2.3  Labor Inputs 

Using the number of employees as a measure of labour input into an industry will not 
usually be a very accurate measure of labour input due to the long term decline in average 
hours worked per full time worker and the recent increase in the use of part time workers.  
However, even total hours worked in an industry is not a satisfactory measure of labour 
input if the industry employs a mix of skilled and unskilled workers.  Hours of work 
contributed by highly skilled workers generally contribute more to production than hours 
contributed by very unskilled workers.  Hence, it is best to decompose aggregate labour 
compensation into its aggregate price and quantity components using index number 
theory.  The practical problem faced by statistical agencies is: how should the various 
categories of labour be defined?  Alternative approaches to this problem are outlined in 
Jorgenson and Griliches (1967), the Bureau of Labor Statistics (1983), Denison (1985), 
Jorgenson, Gollop and Fraumeni (1987) and Jorgenson and Fraumeni (1989) (1992). 
Dean and Harper (1999) provide an accessible summary of the literature in this area. 
 
Another important problem associated with measuring real labour input is finding an 
appropriate allocation of the operating surplus of proprietors and the self employed into 
labour and capital components.  There are two broad approaches to this problem: 
 
¶ If demographic information on the self employed is available along with hours 

worked, then an imputed wage can be assigned to those hours worked based on 
the average wage earned by employees of similar skills and training.  Then an 
imputed wage bill can be constructed and subtracted from the operating surplus of 
the self employed.  The reduced amount of operating surplus can then be assigned 
to capital. 

¶ If information on the capital stocks utilised by the self employed is available, then 
these capital stocks can be assigned user costs and then an aggregate imputed 
rental can be subtracted from operating surplus.  The reduced amount of operating 
surplus can then be assigned to labour.  These imputed labour earnings can then 
be divided by hours worked by proprietors to obtain an imputed wage rate. 

 
The problems posed by allocating the operating surplus of the self employed are 
becoming increasingly more important as this type of employment grows in many 
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countries.  Fundamentally, the problem appears to be that the current SNA does not 
address this problem adequately. 
 
2.4 Reproducible Capital Inputs 

When a firm purchases a durable capital input, it is not appropriate to allocate the entire 
purchase price as a cost to the initial period when the asset was purchased.  It is necessary 
to distribute this initial purchase cost across the useful life of the asset.  National income 
accountants recognize this and use depreciation accounts to do this distribution of the 
initial cost over the life of the asset.  However, national income accountants are reluctant 
to recognize the interest tied up in the purchase of the asset as a true economic cost. 
Rather, they tend to regard interest as a transfer payment.  Thus the user cost of an asset 
(which recognizes the opportunity cost of capital as a valid economic cost) was not 
regarded as a valid approach to valuing the services provided by a durable capital input 
by many national income accountants and in SNA 1993 in particular.  However, if a firm 
buys a durable capital input and leases or rents it to another sector, national income 
accountants regard the induced rental as a legitimate cost for the using industry.  It seems 
very likely that the leasing price includes an allowance for the capital tied up by the 
initial purchase of the asset; i.e., market rental prices include interest.  Hence, it seems 
reasonable to include an imputed interest cost in the user cost of capital even when the 
asset is not leased.  Put another way, interest is still not accepted as a cost of production 
in the SNA, since it is regarded as an unproductive transfer payment.  But interest is 
productive; it is the cost of inducing savers to forego immediate consumption.  This 
difficulty with SNA 1993 has been recognized in the current revision process for the 
internationally approved System of National Accounts and the next version of these 
accounts will probably allow for a decomposition of gross operating surplus in the 
accounts into price and quantity components where the price of capital services will be a 
user cost concept; see Schreyer (2007a) for the latest proposal. 
 
The treatment of capital gains on assets is even more controversial than the national 
accounts treatment of interest.  In the national accounts, capital gains are not accepted as 
an intertemporal benefit of production but if resources are transferred from a period 
where they are less valuable to a period where they are anticipated to be more highly 
valued, then to user cost proponents, a gain has occurred; i.e., capital gains are productive 
according to this view. 
 
However, the treatment of interest and capital gains pose practical problems for statistical 
agencies.  For example, which interest rate should be used? 
 
¶ An ex post economy wide rate of return which is the alternative used by Christensen 

and Jorgenson (1969) (1970)? 
¶ An ex post firm or sectoral rate of return?  This method seems appropriate from the 

viewpoint of measuring ex post performance. 
¶ An ex ante safe rate of return like a Federal Government one year bond rate?  This 

method seems appropriate from the viewpoint of constructing ex ante user costs that 
could be used in econometric models. 
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¶ Or should the ex ante safe rate be adjusted for the risk of the firm or industry? 
 
Since the ex ante user cost concept is not observable, the statistical agency will have to 
make somewhat arbitrary decisions in order to construct expected capital gains.  This is a 
strong disadvantage of the ex ante concept.  On the other hand, the use of the ex post 
concept will lead to rather large fluctuations in user costs, which in some cases will lead 
to negative user costs, which in turn may be hard to explain to users.   However, a 
negative user cost simply indicates that instead of the asset declining in value over the 
period of use, it rose in value to a sufficient extent to offset deterioration. Hence, instead 
of the asset being an input cost to the economy during the period, it becomes an 
intertemporal output. For further discussion on the problems involved in constructing 
user costs, see Diewert (1980; 470-486) (2005a) (2006) and Schreyer (2001) (2007a).  
For evidence that the choice of user cost formula matters, see Harper, Berndt and Wood 
(1989). 
 
A further complication is that our empirical information on depreciation rates for 
reproducible assets is often weak.  In general, we do not have good information on the 
useful lives of assets. In past years, the UK statistician assumed that machinery and 
equipment in manufacturing lasted on average 26 years while the Japanese statistician 
assumed that machinery and equipment in manufacturing lasted on average 11 years; see 
the OECD (1993; 13).5   
 
A final set of problems associated with the construction of user costs is the treatment of 
business income taxes: should we assume firms are as clever as Hall and Jorgenson 
(1967) and can work out their rather complex tax–adjusted user costs of capital or should 
we go to the accounting literature and allocate capital taxes in the rather unsophisticated 
ways that are suggested there? 
  
2.5  Inventories 

Because interest is not a cost of production in the national accounts and the depreciation 
rate for inventories is close to zero, many productivity frameworks neglect the user cost 
of inventories. This leads to misleading productivity statistics for industries where 
inventories are large relative to output, such as retailing and wholesaling.  In particular, 
rates of return that are computed neglecting inventories will be too high since the 
opportunity cost of capital that is tied up in holding the beginning of the period stocks of 
inventories is neglected. 
 
The problems involved in accounting for inventories are complicated by the way 
accountants and the tax authorities treat inventories.  These accounting treatments of 
inventories are problematic in periods of high or moderate inflation.  A treatment of 
inventories that is suitable for productivity measurement can be found in Diewert and 

                                                   
5 The Economic and Social Research Institute (ESRI), Cabinet Office of Japan, under the direction of Koji 
Nomura, has implemented a new survey on retirements and sales of assets which should lead to better 
estimates of depreciation rates for capital stocks in Japan.  Canada, the Netherlands and New Zealand have 
similar surveys. 
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Smith (1994).  These inventory accounting problems seem to carry over to the national 
accounts in that for virtually all OECD countries, there are time periods where the real 
change in inventories has the opposite sign to the corresponding nominal change in 
inventories. This is difficult for users to interpret.6 
 
2.6 Land 
 
The current SNA has no role for land as a factor of production, perhaps because it is 
thought that the quantity of land in use remains roughly constant across time and hence it 
can be treated as a fixed, unchanging factor in the analysis of production. However, the 
quantity of land in use by any particular firm or industry does change over time. 
Moreover, the price of land can change dramatically over time and thus the user cost of 
land will also change over time and this changing user cost will, in general, affect 
correctly measured productivity.7  
 
Land ties up capital just like inventories (both are zero depreciation assets). Hence, when 
computing ex post rates of return earned by a production unit, it is important to account 
for the opportunity cost of capital tied up in land. Neglect of this factor can lead to biased 
rates of return on financial capital employed.  Thus, industry rates of return and TFP 
estimates may not be accurate for sectors like agriculture which are land intensive. 
 
In many countries, the long run trend in the price of land can be higher than the 
opportunity cost of capital for the sector that is using the land as an input into its 
production function.  This means that even the ex ante user cost of land can be negative 
which can lead users to question the user cost methodology.  The problem of negative 
user costs can also arise in the context of finding a price for the use of an owner occupied 
dwelling unit.  In this CPI context, Diewert (2007a; 27) suggested the following solution 
to the negative user cost problem: 
 
We conclude this section with the following (controversial) observation: perhaps the “correct” opportunity 
cost of housing for an owner occupier is not his or her internal user cost but the maximum of the internal 
user cost and what the property could rent for on the rental market.  After all, the concept of opportunity 
cost is supposed to represent the maximum sacrifice that one makes in order to consume or use some object 
and so the above point would seem to follow.  If this point of view is accepted, then at certain points in the 
property cycle, user costs would replace market rents as the “correct” pricing concept for owner occupied 
housing, which would dramatically affect Consumer Price Indexes and the conduct of monetary policy.     
 

                                                   
6 See Diewert (2005b) for a more coherent framework for measuring inventory change and the user cost of 
inventories. 
7  Diewert and Lawrence (2000; 285) in their Canadian TFP study showed that neglecting land and 
inventories decreased the TFP growth rate by about 20%; i.e., when land and inventories were omitted as 
factors of production with their own user costs, the Canadian TFP growth rate fell from 0.68 percent per 
year over the period 1962-1996 to 0.55 per cent.  In a similar study for Japan, Nomura (2000; 347) showed 
that the Japanese TFP growth rate fell from 1.54 percent per year over the period 1960-2000 to 0.80 percent 
per year when land and inventories were omitted.  These studies indicate the importance of including land 
and inventories as productive factors in productivity studies.  Due to lack of data, EUKLEMS does not 
have land or inventory services as primary inputs in its data base; see Timmer, O’Mahony, and van Ark 
(2007). 




