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 EXECUTIVE SUMMARY 

1. In 2001, the OECD published the Manual Measuring Capital to provide guidance to the concepts 
and practice of capital measurement. Since then, a number of developments have taken place, and most 
notably the revision of the 1993 System of National Accounts. The revision entailed many issues with 
regard to non-financial assets that also affect the original Capital Manual. The present document is a 
revision of the 2001 Manual, to take account of new developments and to ensure consistency with the 
revised System of National Accounts. 

2. In the past, in many statistical offices, the main purpose of measuring capital was to provide a 
basis for the calculation of consumption of fixed capital so that net measures could be derived in the 
national accounts. The measurement of consumption of fixed capital remains a key reason for capital 
measurement but two additional objectives have increasingly gained in importance: establishing balance 
sheets for economic sectors and measuring capital services for the analysis of production and productivity. 

3. The main objective of the present Manual is to deal with these additional objectives and to 
present an integrated and consistent approach towards capital measurement that encompasses different 
measures of capital stocks (gross, net and productive stock) alongside with the relevant measures of 
economic flows (investment, depreciation and capital services). 

4. Many of the measurement concepts in the Manual reflect a fundamental dual nature of capital 
which is both storage of wealth and a source of capital services in production. In other words, there is a 
value or wealth side to capital and there is a volume or quantitative side to it. Depending on analytical 
purpose, it is either the value side for example in the form of the net capital stock or the volume side in the 
form of the productive capital stock that are the appropriate measure. 

5. While the wealth and the production side of capital are different aspects that help analysing 
different questions, they are not independent of each other. Quite to the contrary, there is a clear link 
between the value of an asset and its current and future productive capacity and consistency in capital 
measures means taking account of this link. 

6. The distinction between the wealth and the production aspect starts at the level of the individual 
asset and the first part of the Manual explores how, for a single asset, its age-price profile and its age-
efficiency profile hang together. The age-price profile encompasses all the information about an asset�s 
price history as it ages and reflects depreciation, a charge against income. The age-efficiency profile 
contains information about an asset�s productive capacity over time and provides the key to measuring 
capital services, the asset�s contribution to production. For single homogenous assets, the two profiles are 
related but in general different. 

7. In practice, cohorts of assets are considered for measurement, not single assets. Also, asset 
groups are never truly homogenous but combine similar types of assets. When dealing with cohorts, 
retirement distributions must be invoked because it is implausible that all capital goods of the same cohort 
retire at the same moment in time. Thus, it is not enough to reason in terms of a single asset but age-
efficiency and age-price profiles have to be combined with retirement patterns to measure productive and 
wealth stocks and depreciation for cohorts of asset classes. An important result from the literature, dealt 
with at some length in the Manual is that, for a cohort of assets, the combined age-efficiency and 
retirement profile or the combined age-price and retirement profile often resemble a geometric pattern, i.e., 
a decline at a constant rate. While this may appear to be a technical point, it has major practical advantages 
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for capital measurement. The Manual therefore recommends the use of geometric patterns for 
depreciation because they tend to be empirically supported, conceptually correct and easy to implement. 

8. Depreciation remains a central variable in capital measurement and there is a long history about 
its exact meaning. With the increasing importance of high-tech capital goods that undergo rapid technical 
change, there has been renewed discussion about the relation between depreciation and obsolescence � 
should depreciation reflect obsolescence and if so, what are the implications for measurement? The 
Manual confirms the idea, also put forward in the System of National Accounts, namely that depreciation 
should indeed reflect expected obsolescence. Some authors have suggested that to do so it is necessary to 
incorporate expected real holding losses into measures of depreciation; others have come to a different 
conclusion. The Manual finds that there is no single �correct� way of dealing with expected price changes 
in the context of depreciation measurement but rather that different analytical questions about net income 
give rise to different prescriptions about how to measure depreciation. For implementation, the Manual 
sticks with the approach towards measuring consumption of fixed capital that excludes real holding losses 
from depreciation. This corresponds to the practice of statistical offices. 

9. Along with the volume of capital services, a price of capital services has to be specified and the 
Manual explains how such prices or unit user costs are derived and measured. They comprise two major 
elements that constitute the cost of using capital in production: depreciation, and the real costs of financing 
or a required real return to capital. There are several ways of formulating these elements when it comes to 
measurement and they are presented in the text. Attention is paid to how the return to capital is measured, 
and the literature has suggested ex-post calculations based on observed measures of property income in the 
national accounts as well as ex-ante calculations based on information from financial markets. For many 
reasons, results are not identical but the general evidence appears to be one of robustness of capital 
service measures with regard to the specifications for the return to capital. 

10. The System of National Accounts estimates the value of output from non-market producers by 
costs. Capital costs are measured as consumption of fixed capital only, leaving out the other main element, 
financing costs. Reasons for this are of a practical nature (which interest rate should be chosen?) but there 
are also conceptual arguments such as the reluctance to see GDP rise when interest rates for government 
debt increase. At the same time, there are good conceptual and analytical reasons why the cost of capital 
should be measured as completely as possible for non-market producers. If not in the national accounts, 
then for analytical purposes it is therefore of interest to impute financing costs or a rate of return to 
government assets and the Manual describes several avenues towards doing so. In fact, for some non-
market producers, households who own dwellings, such an imputation is already made in the national 
accounts and the Manual discusses how the information for owner-occupied housing can be used for other 
assets of non-market producers. 

11. With regard to the scope of assets that are dealt with in the Manual, it covers predominantly fixed 
assets. However, two other types of assets are most relevant as sources of capital services: land (a largely 
non-produced asset) and inventory (an asset that is not fixed). Both types of assets pose specific questions 
with regard to their measurement. In particular land is a quantitatively important asset that is notoriously 
difficult to measure. Consequently, the Manual devotes a special chapter to the measurement of land 
without making a claim of being exhaustive on the topic. Similarly, there is a special chapter on inventories 
[to be completed]. 

12. A significant number of pages in the Manual are allocated to the measurement of service lives, 
retirement functions and patterns of depreciation. Generally, good empirical information on asset lives is 
sparse and often dated. Thus, wherever there are examples of measurement initiatives in countries, they are 
referenced along with brief descriptions so as to encourage more activity in this field. One of the annexes 
to the Manual brings together service lives as used in various countries [to be completed]. 
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13. The final part of the Manual is a mathematical description of the capital measurement process, 
taking into account the conventions specified in the national accounts. It is hoped that this systematic and 
consistent presentation facilitates implementation and programming routines. 

1 CONTEXT, PURPOSE AND SCOPE OF THE MANUAL 

1.1 The role of capital measurement 

14. It may be helpful to briefly recall the role that capital plays in a stylised system of national 
accounts. This can easily be done with a circular flow diagram, as shown in the Figure below. Flows of 
quantities of goods and services are matched by monetary flows and in the simplest case with only 
consumers and producers, the basic exchange is between labour (hours worked) and consumer products. 
These are exchanged in the markets for labour and for consumer products and give rise to revenues and 
costs for producers, and expenditure and labour income for consumers. The flow of labour into the 
producer�s sector and the flow of consumption goods out of it signals a production process whose analysis 
is central to many economic questions. 

15. But labour is not the only input into production and this is the first instance where capital comes 
into play. Capital provides services to production, and is remunerated for these services with a rental when 
users of capital goods rent them from their owners for one or more periods. Often, users and owners are the 
same economic unit. The capital service is now internal to the economic unit but it exists nonetheless and 
should be measured for analysis. Parallel to the internal flow of capital services, an internal payment for 
these services can be envisioned, in the form of a price of capital services. The cost of capital in production 
and the associated service flow are not items that were recognized in the 1993 System of National 
Accounts � recently, however, the revised SNA has acknowledged these flows. 

16. There is another instance where capital comes into play and it concerns capital as a storage of 
value for consumers. Producers buy capital goods and seek finance from consumers. The latter invest in 
capital goods by putting their savings at the disposal of producers, who in turn compensate consumers with 
interest or dividend payments, i.e., with capital income. The wealth aspect of capital is also where balance 
sheets come in � for a given date, all assets, financial and non-financial, should appear in the balance sheet 
of the unit that owns them to provide a comprehensive picture of economic wealth. 
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Figure 1: Circular flow diagram � the role of capital 

 
Source: adapted from Hulten (2006). 

17. Because of the pivotal role of capital in an economy, it has to be measured. A large body of 
literature has dealt with the theoretical foundations of capital measurement and perhaps the most vocal 
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or comment on this debate but it is quite clear that the measurement of capital cannot be done without 
capital theory and capital measurement in the present text is largely done with reference to neoclassical  
capital theory. 

18. Purely theoretical aspects aside, there is a central practical problem to capital measurement that 
raises many empirical issues � valuation of stocks and flows of capital in the absence of (observable) 
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The main purpose of this Manual is 
to show how a coherent and 

analytically useful set of measures of 
flows and stocks of capital can be 

constructed  

the economy [�] kept proper running accounts, and if those accounts contained nothing but 
transaction items, it would be possible for a national running account to be compiled from them 
by a purely arithmetical process. Many of the accounts which he would need for this purpose are 
of course not available to the national income statistician; he has to estimate them. But in making 
such estimates, he is estimating an actual figure [�] though information about it is not available 
to him [�].  

What in the case of running accounts is a complication, that can thus to some extent be avoided, 
in the case of the capital account is central and unavoidable. The assets, the possession of which 
is recorded in a balance sheet, are assets that are held, not goods that are sold. They may be 
sold, when time comes, but they are not being sold at the date to which the balance sheet refers.�  

19. The question of valuation is central to stocks but non-observable transactions are also a central 
issue when it comes to estimating volumes and prices of flows of capital services: there are some and 
increasingly more rental markets that deliver market observations on capital services but the bulk of capital 
is still used by its owners. The statistician then has the choice between ignoring these economic flows or 
estimate price and quantity of capital services that are internal to the economic unit. As long as this is done 
with the necessary caution, based on good theoretical reasoning and on the basis of as much empirical 
information as possible, the ultimate objective of measuring capital can be advance, namely to better 
understand processes of value creation and economic well-being. 

1.2 Purpose of this Manual  

20. This Manual serves two complementary purposes:  

• To present an integrated system of stocks and flows associated with the measurement of capital; 

• To provide practical guidelines for estimation with a focus on consistency with the national 
accounts.  

21. This Manual is organised in three major parts. Part I aims at presenting concepts of capital 
measurement, in a non-technical way. With the help of numerical examples, the text provides the economic 
and statistical rationale for the measurement of the flows and stocks associated with capital. Probably the 
single most important message that this Manual advances is that of a coherent set of flows and stocks in 
relation to capital: capital formation, depreciation, capital services being the key flows and the net and the 
productive stock being the most important stock measures in this context. If national statistical offices 
manage to produce such a consistent set of capital measures, much will have been achieved by way of the 
usefulness of the national accounts. 

22. Part II of the Manual is orientated towards precision and implementation. The text aims at being 
as precise as possible, by way of a technical presentation of some of the concepts and measurement 
procedures. 

23. Part II of this Manual also takes a look at some capital measures whose integration into the 
national accounts is still outstanding and/or may not be forthcoming although these measures would seem 
useful from an economic perspective and may also have 
become part of the more research-oriented literature. These 
include the imputation of full user costs to government assets, 
a scope of productive assets that includes land and inventories 
or the question of how to deal with the capital measurement of 
research and development if the results of the latter are 
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considered an asset. 

24. Part III is an algebraic exposition of the measurement model underlying capital stocks and flows. 
This part of the Manual  starts from a basic economic relation about asset values, and shows how 
expressions for depreciation, user costs, and the various types of stocks can be derived in a way that is as 
consistent as possible with the System of National Accounts. 

1.3 What the Manual does not cover  

25. This Manual does not deal with the measurement of fixed capital formation as such. The 1993 
SNA and its revision enlarged the asset boundary by introducing new classes of fixed assets, such as 
mineral exploration, computer software and entertainment, literary and artistic originals and (possibly) 
research and development. There are both practical problems and conceptual questions about the valuation 
of some of these new assets, and these specific issues are only dealt with relatively briefly here. 

26. Price indices for fixed assets are required for the measurement of capital stocks and volume 
investment. Constructing price indices for fixed assets is particularly difficult because many capital goods 
are unique so that it is not possible to observe price changes from one period to the next. Another problem 
is that an important part of capital goods � for example communications and computing equipment -is 
subject to large technological improvements which are sometimes difficult to capture. Important 
measurement issues arise also in the area of price indices for dwellings and land. These issues are referred 
to but not treated in detail because they are seen as general price index problems and are not specific to 
capital stock measurement. 

27. The Manual is somewhat eclectic in the choice of non-produced assets that are explicitly dealt 
with. The bulk of the text deals implicitly or explicitly with produced assets because they constitute the 
backbone of capital measurement and they are the first candidates for measures of capital inputs into 
production.  Land, although mainly a non-produced asset, does get special attention in the Manual whereas 
other non-produced assets such as natural resources do not. There is no strong conceptual justification for 
this choice except that land has long been treated as a source of capital services in economics and should 
therefore be recognised as such. To a lesser extent, this is the case for other non-produced assets. On purely 
practical grounds, providing a complete guide to measuring non-financial balance sheets would not have 
been feasible within the time frame of the write-up of the Manual.  
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Capital services and their price, the 
user costs of capital do not replace 
well-established measures like the 
net and the gross capital stock � 

they complement them  

PART I:  CAPITAL STOCKS AND CAPITAL SERVICES � CONCEPTS 

2 INTRODUCTION 

28. One of the main objectives of the present Manual is to present an integrated and consistent 
approach towards capital measurement that encompasses different measures of capital stocks (gross, net 
and productive stock) alongside with the relevant measures of economic flows (investment, depreciation 
and capital services). 

29. Capital stock featured in two places in the 1993 SNA, as part of compilation of balance sheets 
and as a tool to derive estimates of depreciation or consumption of fixed capital (CFC).  How is capital 
stock estimated?  Basically by cumulating gross fixed capital formation (GFCF) year by year and 
deducting retirements. Because it makes no sense to aggregate expenditures undertaken in different years 
without adjusting for the difference in prices between those years, all capital stock figures are in �constant 
prices�. These prices may be the prices of the current year, in which case past expenditures are adjusted to 
the current price level or may be expressed at the prices of a given year, usually the one which is the base 
year for constant price national accounts. 

30. Retirements are calculated by postulating a life length or more precisely a retirement function 
that is applied to investment flows. When these investment flows, corrected for retirement are cumulated, 
one obtains the gross capital stock (Figure 2). Consumption of fixed capital or depreciation is calculated by 
superimposing a pattern of decline in value over this time.  This is called an age-price profile or age-price 
function. The relevant factor for each cohort of assets is applied so that the aggregate stock figure reflects 
both the chosen price level and also the fact that similar assets of different ages have different values. This 
gives rise to the net or wealth capital stock. 

Figure 2. Capital measures in the 1993 SNA  

Investment Gross 
stock

Retirement 

function

CFC

Net value addedAge-price

function
Net 

stock

 

31. Once net capital stock figures on a consistent basis exist for two successive years, it is possible to 
calculate the difference between them and after deducting new investment and allowing for disposals, this 
is what appears as the estimate of CFC or depreciation as currently recommended in the SNA. 

32. In the 1993 SNA, there was no explicit link between 
capital stock and value added except the entry of consumption 
of fixed capital to explain the difference between gross value 
added and net value added.  Yet it has always been recognised 
that operating surplus is income deriving from the use of 
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capital in production just as compensation of employees is income deriving from the use of labour. There 
is increasing interest in exploring exactly how different levels and types of capital stock influence the level 
of operating surplus.  This has led to more attention being paid to capital services because of its application 
to productivity studies. Capital services can be integrated with national accounts practice of determining 
depreciation in a way which allows for deeper analysis and possible improvements in the underlying data 
on capital stock. 

33. Whereas the introduction of costs of capital services into the accounts has been of interest in 
itself, they should also be internally consistent with measures of the net capital stock so that the volume 
and price measures of capital services, depreciation and net income aggregates in the national accounts as 
well as balance sheets are fully integrated. This allows researchers and statistical offices to produce 
consistent indicators of multi-factor productivity (see OECD (2001a)) which are of significant analytical 
interest. 

34. Figure 3 illustrates the additional elements that capital services bring into the picture. One 
important element is the age-efficiency profile or age-efficiency function which depicts an asset�s loss in 
productive efficiency as the asset ages. When past investment flows are corrected for retirements and for 
the loss in productive efficiency, their cumulative value is the productive stock. Capital services, the flow 
of productive services from capital assets to production, are proportional to the productive stock and can be 
derived from the former. Finally, the price of capital services � its user costs or rental price � is estimated 
by combining information on the required return to capital, on depreciation and on revaluation. Given the 
price of capital services � the user costs � and the quantity of capital services derived from the productive 
stock, the total value of capital services can be computed. All this will be dealt with in much greater detail 
below but it should be underlined here the total value of capital services brings together again the price and 
quantity side of capital measurement. Consistency between these two aspects of capital is therefore 
required. 

Figure 3. Integrated set of capital measures 

Investment Gross 
stock

Retirement 

function

CFC

Net value addedAge-price

function

Productive 
stockAge-efficiency

function

Return on capital

User costs

Capital services

Net 
stock

 

35. Thus, capital services are not simply an add-on to measures of net and gross capital stock � it is 
an analytical counterpart that comes along with the two basic roles of capital � a measure of wealth and 
income and a measure of the contribution of capital to production. The different measures of capital stocks 
and flows are directly related to these purposes, as shown in the table below.  The different measures will 
be described in greater detail later on but a number of indications are worth giving here: 

• The net capital stock measures the market value of capital, and presents therefore a measure of 
wealth. Its evolution over time is governed by flows of investment and depreciation. A more 
telling terminology for the net stock is the �wealth stock�. The �net� language distinguishes the 
depreciated capital stock from the un-depreciated or gross stock. More on the net/wealth stock 
can be found in chapter 6. 
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• Table 1 shows no entry for the gross capital stock. This is because the gross stock, if computed at 
all, constitutes an intermediate step towards calculating the net and the productive stock rather 
than a stock measure in its own analytical right. However, the gross stock is a well-known 
statistic and more will be said in section 3.2.4 

• The productive stock consists of capital used in production, each one corrected for the efficiency 
loss that has occurred since it was new. The productive stock is a fundamental concept in 
production analysis. It is first of all a vehicle to derive measures of capital services, the flow of 
productive services provided by capital during one period. Commonly, the assumption is made 
that the flow of capital services is in a fixed proportion to the productive capital stock � by 
implication, the rate of change of capital services can be read from the rate of change of the 
productive capital stock. The productive stock is discussed at greater length in Chapter 7.   

• Despite two distinct perspectives, income/wealth and production/productivity, the two spheres 
are linked. For example, the depreciation profile is not independent from the efficiency profile 
and depreciation measures not only enter the net capital stock, they are also part of user costs that 
form the basis for aggregation weights of the productive stock.  

Table 1. Two aspects of capital 

 Income and wealth perspective Production and productivity 
perspective 

Basic flow Investment Investment 

Aggregation across assets of 
different age based on 

Depreciation profile (Age-price 
profile) Age-efficiency profile 

Resulting stock for each class of 
assets Net capital stock by asset type Productive stock by asset type 

Derived flow Depreciation Capital services by type of asset 

Aggregation across different classes 
of assets based on Market prices User costs 

Resulting stocks Total net capital stock Total productive stock 

Derived measure Balance sheet entry, national 
wealth, net measures of income 

Total capital services, multi-factor 
productivity 

3 HOW ASSET VALUES ARE DETERMINED 

3.1 Concept 

36. The central economic relationship that links the income and production perspectives to each other 
is the net present value condition: in a functioning market, the stock value of an asset is equal to the 
discounted stream of future benefits that the asset is expected to yield, an insight that goes at least back to 
Walras (1874) and Böhm-Bawerk (1891). Benefits are understood here as the income or the value of 
capital services generated by the asset. 
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37. In what follows, we shall consider a single asset, although this is clearly unrealistic: no firm, and 
much less a statistical agency will measure capital by looking at individual pieces of machinery or 
equipment. The typical case is to consider classes of assets, although an attempt is normally made to keep 
these classes of assets as homogenous as possible. For the moment, however, consider a single asset that is 
new, i.e., of age zero. 

3.1.1 Income perspective 

38. The value of this asset at the beginning of period t, P0
t, to its owner corresponds to the discounted 

stream of future incomes generated by the asset. A subscript has been used to signal the age of the asset, in 
the present case zero because this is a new capital good. The flow of income for this asset will be labelled 

st
sf +  where the superscript �t+s� indicates the period when the income arises and where the subscript �s� 

indicates again the age of the asset. A discount factor is needed as well to reflect the fact that income in the 
future is less appreciated than income immediately. The discount factor is labelled (1+r), where r is the 
nominal rate of return that the asset holder expects the asset to yield. At a minimum, the nominal rate of 
return should reflect the financing costs for the asset, for example the interest that the asset owner has to 
pay for a loan taken out to purchase the asset. Typically, however, the nominal rate of return will be higher 
than the interest rate paid on financing but there is no need to dwell on this distinction here. With the above 
remarks in mind, the fundamental equation relating the stock value of an asset to future income is: 

(1) P0
t = f0

t/(1+r) + f1
t+1/(1+r)2 + f2

t+2/(1+r)3 + �+ fT
t+T/(1+r)T+1. 

39. The relationship (1) has been formulated with nominal benefits and a nominal discount rate. 
Alternatively, it could have been expressed with real benefits and a real discount rate. In this case, a 
general deflator such as the consumer price index would be used to express future income flows and the 
rate of return rt would be adjusted for the rate of general inflation. Consistency is important here and it is 
incorrect to combine nominal future income with a real discount rate or vice versa. 

40. Further, the net present value formula (1) assumes that income payments are received at the end 
of each year. National accounts conventions suggest that benefits should be measured as evenly spread 
throughout the accounting period. This complication will be considered in the implementation part of the 
Manual. For the present conceptual exposition we ignore the complication as it does not affect the main 
conclusions. 

41. Some more explanation on the income flows f may be useful. For an owner-user of an asset, the 
income generated by the asset corresponds to the profits that the asset generates when used in production. 
In more precise accounting terms, it corresponds to the extra gross operating surplus that the owner can 
expect from the use of the asset in production. Thus, the income flow for an asset should be �gross� in the 
sense that it is not corrected for, i.e. inclusive of, depreciation, the value loss of the capital good as it ages. 
The income flow for an asset is �net� in the sense that the extra proceeds from sales that were possible 
because the capital good generated additional output, are corrected for average labour costs and 
intermediate inputs per unit of capital. Income flows are also measured �net� in the sense that fixed costs 
associated with the usage of the asset, for example decommissioning costs at the end of the asset�s useful 
service life, should be reflected in the term f.. 

3.1.2 Cost perspective 

42. Note that under competitive conditions, there are no expected residual profits above and beyond 
the costs of capital input. The implication is that gross operating surplus1 � whatever is left over once 
 
1  Taxes on production and mixed income are ignored for the moment. 
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labour and intermediate inputs have been paid - will be equal to the cost of capital input. Thus, gross 
operating surplus per asset - the income flow generated by it � can also be given a cost interpretation: more 
specifically, it corresponds to the unit user cost of the asset. The cost perspective also permits interpreting 
unit user costs as the price of capital services: a capital good of a particular type and of a particular age 
supplies one unit of age and asset-specific capital services. The price for these services is fs

t+s � a price that 
the owner-user �pays to himself�. 

43. The cost perspective can be developed directly by examining the costs that a firm would have to 
incur if, at the beginning of a period, it bought an asset, used it in production during that period and sold it 
at the end of the period. The following elements would be considered in computing these costs: (i) the 
purchase price of the asset at the beginning of the period � if it is a new asset, this would be P0

t; (ii) the 
sales price of the asset at the end of the period, noting that the asset is now one year old: P1

t+1; (iii) a 
discount rate r to reflect the fact that financial capital is bound in the asset while in usage during the period. 
Combining these elements, the costs for using the asset are P0

t(1+r)-P1
t+1. These are in fact the unit user 

costs, or the price of capital services for the asset (see Chapter 8 for an in-depth presentation), which had 
been labelled f0

t. It is not difficult to show (see Section 19.1) that the net present value relationship (1) 
follows from the reasoning about the cost of using a capital good during one period: f0

t =P0
t(1+r)-P1

t+1. 

44. When the sequence of {f} is interpreted as a sequence of unit user costs or capital services prices, 
equation (1) can also be interpreted as a rule for cost allocation over time: the value of a new capital good 
has to be distributed over accounting periods because of its nature as an investment good. This allocation 
in time should be such that costs in future periods match capital services that are provided by the asset in 
each period and measures for quantities and prices of capital services fulfil exactly this role. 

45. Another important link can be established now that f0
t has been interpreted as the price for the 

capital services of a new asset in year t: when compared to the price of capital services of another asset of 
the same type but of different age, say one year, it is plausible to state that the ratio of capital services 
prices f0

t/ f1
t should reflect the relative efficiency in production of the new compared to the one year old 

asset. 

3.1.3 Market perspective 

46. The net present value relation (1) can also be formulated for the stock value of an asset that is not 
new, i.e., for an asset with age greater than zero. For some used assets, there are markets, for others there 
are no markets. If a used asset market exists, and if an asset is offered for sale at a price that does not seem 
likely to generate a satisfactory rate of return, there will be no demand for that asset. If an asset is offered 
at a price that seems likely to generate a very high rate of return, there will be more demand than supply 
for the asset. In the first case, the price will be bid down, and in the second case the price will be bid up 
until the rate of return rises or falls to a �normal� level. Equation (1) can, therefore, also given an 
interpretation of how asset prices are determined in a market economy. 

47. Equation (1) is central for understanding the conceptual framework of this Manual. The net 
present value formula provides the link between stock measures, depreciation, and capital services: the 
value of the (net) stock of a particular age s enters via the price of the asset Ps

t; depreciation is part of the 
gross operating surplus term per unit of capital fs

t+s that reflects income. This in turn equals unit user costs 
which constitute the price of capital services. 
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A 6-month old car may have lost none 
of its productive efficiency and yet it 

can only be sold at a 20 % discount on 
the second-hand market. This 

distinguishes the age-efficiency from 
the age-price profile.  

3.2 Relationship between rentals and asset prices for a single asset � a numerical example 

48. This Section uses a simple numerical example to convey the main ideas behind a consistent set of 
capital measures. It starts out with Table 2 which shows how equation (1) can be used to calculate the price 
of an asset both when it is new and at every stage in its lifetime. Several assumptions are made to construct 
this example. 

49. The first column in Table 2 shows the (future) 
service years of the asset. The perspective taken is from the 
beginning of year 1, looking ahead until the end of the asset�s 
service life. The price of capital services (or the income per 
unit of capital) that the asset is expected to earn each year is 
shown in the third column and corresponds to the sequence of 
f0

t, f1
t+1, f2

t+2 etc. in the net present value calculation (1). There are several ways to compute the evolution 
of the price of capital services, given the data in Box 1 and only one option is presented here. It draws on 
the cost perspective invoked in Section 3.1.2 above and takes it that two factors impact on the change in 
the price of capital services: the rate at which the productive capacity of an asset declines as it becomes 
older, and the rate at which asset prices develop. The first effect is captured by the age-efficiency profile, 
shown in the second column of the table. Thus, during the first year of operation, the asset runs at 100% of 
its productive capacity, during the second period the figure is 88%, and so forth. The age-efficiency profile 
has been depicted as linear here but whether this is correct or not is an empirical issue. 

50. The second effect that bears on the price of capital services is general changes in asset prices. 
Those were assumed to rise by 2% per period. The two effects can now be combined to yield the sequence 
of prices of capital services shown in the third column. By assumption it is $10 at the end of the first year 
(or equivalently, at the beginning of the second year). At the beginning of the third year, the price of 
capital services has fallen to $8.93, the product of a decline in efficiency to 88% and a 2% rise in asset 
inflation: $10*0.88*1.02=$8.93. At the beginning of year 4, the capital service price is 
$10*0.75*1.022=$7.80 and so on. 

Box 1. Numerical example 
In the following chapters, a numerical example will be used that is based on the following 

assumptions about a fixed asset: 
Service life of 8 years 
Discount rate 5 % 
Price of capital services for a new asset, payable by the end of the first year is $10 
For simplicity, no general inflation 
Price of new asset is expected to rise by 2% per year 
Income from using the asset in production is received on the first day of the period following 

the accounting period, so that the first year�s income is fully discounted 
Productive services of the asset decline by a constant amount over its service life (linear age-

efficiency pattern) 

51. Because the costs for capital services accrue in different years, their present value has to be 
obtained by discounting each year�s rental by the discount factor (1+r), taken as 1.05 in this example. The 
fourth column of Table 2 shows the value of capital service prices, discounted to the beginning of year 1. 
This example assumes that payments are due at the end of each year and so the first year�s rental of $10 is 
worth only $10/1.05 = $9.52 at the beginning of year 1; the rental of $8.93 expected at the end of the 
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second year (or at the beginning of the third year) is worth only $8.93/1.052 = $8.10 at the beginning of 
year 1; the rental of 7.80 expected at the end of year 3 is worth only $7.80/1.053 = $6.74 etc. The total of 
these discounted rentals gives the value of the asset at the beginning of year 1, i.e. $40.12.  

Table 2. Relationship between rentals and asset value in year 1 

Year (t) Age-efficiency

Price of 
capital 

service at 
beginning 
of period

Price of 
capital 
service 

discounted to 
beginning of 

year 1

1 100.0%
2 87.5% 10.00 9.52
3 75.0% 8.93 8.10
4 62.5% 7.80 6.74
5 50.0% 6.63 5.46
6 37.5% 5.41 4.24
7 25.0% 4.14 3.09
8 12.5% 2.82 2.00
9 0.0% 1.44 0.97

10 0.00 0.00
Price of asset beginning of year 1 40.12

 

52. So far, we have considered the valuation of the asset at the beginning of the first year. Next, 
consider the same type of calculation one year later, i.e., at the beginning of year 2 and then two years later 
and so forth. This is captured in Table 3 below. The first four columns are identical to Table 2 but the fifth 
column shows the asset value at the beginning of the second year. For example, the capital service price of 
$8.93 prevailing in period 3 is the same as before but because time has moved on, it is now only 
discounted by one period: $8.93/1.05=$8.50. The asset value at the beginning of the second year is then 
$32.12; the value at the beginning of the third year is $24.81 and so on. This sequence of asset values can 
be considered the price history of the asset, expressed in current prices of each period. 
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Table 3. Relationship between rentals and asset value in all years 

Price of capital service discounted to beginning of year

Year (t) Age-efficiency

Price of 
capital 

service at 
beginning 
of period

1 2 3 4 5 6 7 8

1 100.0%
2 87.5% 10.00 9.52
3 75.0% 8.93 8.10 8.50
4 62.5% 7.80 6.74 7.08 7.43
5 50.0% 6.63 5.46 5.73 6.02 6.32
6 37.5% 5.41 4.24 4.45 4.68 4.91 5.15
7 25.0% 4.14 3.09 3.24 3.41 3.58 3.76 3.94
8 12.5% 2.82 2.00 2.10 2.21 2.32 2.43 2.55 2.68
9 0.0% 1.44 0.97 1.02 1.07 1.13 1.18 1.24 1.30 1.37

10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Price of asset beginning of year 40.12 32.12 24.81 18.24 12.52 7.74 3.98 1.37

 

53. With the price history at hand, an important link can be established - that between the age-
efficiency profile and age-price profile. To show this link, a matrix is constructed below with the history of 
asset prices in the main diagonal (Table 4). Each line stands for a different year in the life of the asset and 
each column epitomises the asset�s age.  

Table 4. Price history of asset 

Year (t) 0 1 2 3 4 5 6 7 8

1 40.12
2 40.92 32.12
3 41.74 32.77 24.81
4 42.57 33.42 25.30 18.24
5 43.43 34.09 25.81 18.61 12.52
6 44.29 34.77 26.32 18.98 12.77 7.74
7 45.18 35.47 26.85 19.36 13.03 7.89 3.98
8 46.08 36.18 27.39 19.75 13.29 8.05 4.06 1.37
9 47.01 36.90 27.94 20.14 13.56 8.21 4.14 1.39 0.00

Age of asset

 

54. It can now be seen that the diagonal entries, the price history of the asset, combines two effects, , 
and a movement that reflects the loss in value that is due to ageing: 

• a (vertical) movement in time (from year 1 to 2 etc.) that reflects the general change of the price 
of the asset class in question. For example, the new asset at the beginning of year 1 has a price of 
$40.12; after one year, its value has dropped to $32.12. The first effect can be read by comparing 
vertically the price of a new asset in year 1 ($40.12) to the price of a new asset in year 2 ($40.92). 
The difference reflects the 2 % change in new asset prices underlying the present example. 

• a (horizontal) movement in the age of the asset (from being new � age zero � to being one year 
old etc.) that reflects the value change because the asset has become older. In the example at 
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hand, the age-effect is given by the horizontal movement from $40.92 to $32.12 - that is by the 
price difference of a new and a one-year old asset at the beginning of year 2. In percentage terms, 
the relative price of a one year old asset compared to a new asset is $32.12/$40.92=78.5%, the 
relative price of a two year-old asset compared to a new asset is $24.81/$41.74=59.4% and so 
forth. These price comparisons of assets of different age for a given year constitute the age-price 
profiles of assets and are directly linked to depreciation. In particular, the line for year 9 shows 
the entire age-price profile of the asset. 

55. From the above discussion it should be apparent that the age-efficiency profile and the age-price 
profile of a class of assets come in pairs, and although they may be different, they are not independent of 
each other. This is important for empirical implementation where the starting point is either an age-price 
profile from which a consistent age-efficiency profile is derived or an age-efficiency profile from which a 
consistent age-price profile is derived. The two avenues are presented in detail in Part II of this Manual. 

Table 5. Linear age-efficiency and corresponding age-price profile 

0 1 2 3 4 5 6 7 8
Age-efficiency profile 1.00 0.88 0.75 0.63 0.50 0.38 0.25 0.13 0.00

Age-price profile 1.00 0.79 0.59 0.43 0.29 0.17 0.09 0.03 0.00

Age

 

56. The age price and the age-efficiency profiles for the numerical example are shown in Table 5. 
The age-efficiency profile is taken directly from the first column of Table 2, and is based on the 
assumption of linearly efficiency decline. The age-price profile has been derived via Table 4, by comparing 
� for a given year � the price of capital goods of different ages with the price of a new capital good.  One 
notes immediately that the two profiles are not identical. This can also be seen from the first graph in 
Figure 4: the linear age-efficiency profile gives rise to a convex-looking age-price profile. Other types of 
age-efficiency and age-price profiles are of course possible and indeed, the linearly declining efficiency 
profile may not be the most plausible approximation to the typical pattern of efficiency loss of an asset as it 
ages.  

Figure 4. Age-efficiency and corresponding age-price profiles 
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57. Two particular cases are worth mentioning here and are depicted graphically in Figure 4. The 
first case is a hyperbolic age-efficiency profile where an asset�s productive efficiency declines at a slow 
rate in the first years of its service life and at increasingly faster rates towards the end of the asset�s service 
live. A hyperbolic age-efficiency profile gives rise to a convex age-price profile. The second special case 
arises when the age-efficiency or the age-price profile declines at a constant rate. It can be shown that in 
this case, the age-efficiency and the age-price profile are identical and both decline at the same rate. This 
constitutes significant practical advantages in implementing and computing capital measures and has been 
used in a vast majority of empirical studies of capital measures and depreciation. 

58. The numerical example used here assumed a discount rate of 5% to put the calculations in place.  
In other words, the discount rate has been taken from outside, as an exogenous variable. As will be 
discussed later in this Manual, this is but one way of obtaining a discount rate or rate of return. In 
particular, a widely-used approach towards measuring the rate of return is computing it endogenously (see 
Section 8.3). It is worth flagging at this point already that an endogenous computation of the rate of return 
is difficult to reconcile with non-geometric age-efficiency and age-price profiles2. Thus, when rates of 
return are computed endogenously, it is best to combine them with geometric age-price and age-efficiency 
profiles. 

4 ASSET RETIREMENT AND THE GROSS CAPITAL STOCK 

59. To this point, only a single asset has been considered. This is unrealistic because in practice, data 
exists only on classes and cohorts of assets. A class of assets brings together similar assets, for example in 
line with a product classification. A cohort of assets exists when many units of the same asset are invested 
during a particular accounting period. Even when identical assets are purchased at the same point in time, it 
is unlikely that they are all retired at the same moment. 

4.1 Gross capital stock 

60. The stock of assets surviving from past investment and re-valued at the purchasers prices of new 
capital goods of the current period is called the gross capital stock. The gross capital stock is called gross 
because it has traditionally been thought of as the value of assets before deducting consumption of fixed 

 
2  There is an issue of simultaneity: if age-efficiency and age-price profiles are not geometric, and the starting point 

for computations is an age-efficiency profile, a rate of return is needed to derive the age-price profile. But to 
compute an endogenous rate of return, an age-price profile is needed. Conversely, if the starting point for 
implementation is an age-price profile, the age-efficiency profile is required to compute an endogenous rate of 
return. But the non-geometric age-efficiency profile cannot be derived without a rate of return. 
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capital. Thus, the gross capital stock ignores decay of assets and considers past investments �as new� � only 
retirement is taken into account.  

61. Apart from being the conventional starting point for calculating consumption of fixed capital and 
the net capital stock, the gross capital stock has been regularly used in analysis. Closer inspection of its 
analytical application shows, however, that it has been used as a proxy for the productive capital stock (see 
below) rather than in its own conceptual right.  For example, the gross capital stock has been widely used 
as a broad indicator of the productive capacity of a country, or it has been compared with value added to 
calculate capital-output ratios; finally, the gross capital stock has sometimes been used as a measure of 
capital input in studies of multifactor productivity. One of the first OECD publications on the matter 
(Ward 1976), proposes an efficiency-adjusted gross capital stock which is equivalent in concept to the 
productive capital stock.  

62. Only in the very special case where all assets keep their full productive efficiency until they 
disintegrates (�one-hoss-shay� pattern) would the gross capital stock provide an indication of the 
importance of capital in production. Even this observation must be qualified, however, in the sense that it 
only holds for a single type of asset. When gross stocks of different types of assets are aggregated to yield 
an industry-wide or economy-wide gross stock, aggregation proceeds with weights that reflect �as new� 
market prices. This constitutes a fundamental difference to the aggregation procedure employed for the 
productive stock which is based on a different set of weights, reflecting the user costs of capital.  

Box 2. Valuing capital stocks  

Assets can be valued at two kinds of prices:  

• Historic prices, which means that the assets are valued at the prices at which the assets were originally acquired.  
Historic valuation implies that different vintages cannot be aggregated because each is on a different price basis. 
Valuation at historic prices is the usual procedure in company accounts. This is done because historic prices can be 
objectively verified by examining the invoices relating to asset purchases. Commercial accountants may also prefer 
historic prices because they tend to give a conservative valuation of assets. These advantages, however, are offset by 
the fact that assets which have been acquired at different dates are being valued at different prices so that when prices 
are rising/falling assets acquired more recently are implicitly given a higher/lower weight than those acquired in 
earlier periods. Capital stocks valued at historic prices cannot be compared with national accounting or other 
economic statistics that are expressed at prices of a single period. 

• Prices of a reference period, which means that the assets are valued at the prices of a particular period. Meaningful 
aggregation of assets of different age to a stock requires that a vector of prices be applied which distinguishes 
between assets of different age and of different types but which refers to the same period or to the same point in time. 
The reference period can be any period, either the present accounting period or a past period. But note that the 
distinction between �current� and �constant� prices is not helpful in the case of stock measures: measures of flows can 
usefully be expressed at current prices (no deflators required) or at constant prices (deflator required). Stock 
measures, on the other hand, can never be constructed without price indices. Even when stocks are valued with prices 
of the current period, it is necessary to re-value to the present period all assets of an earlier vintage. This Manual 
avoids therefore the distinction between �current� and �constant� prices in relation to stocks and will refer to stocks 
valued at prices of a particular reference period, be it the most recent one or a period in the past. Valuation at prices 
of the current prices is sometimes referred to as valuation at current �replacement� cost, but the qualifier 
�replacement� raises questions about what exactly is being replaced. For this reason the word �replacement� is not 
used in this Manual.  

4.2 Retirement profile and asset lives 

63. The gross capital stock can be estimated in several ways. By far the commonest is the perpetual 
inventory method which involves accumulating past capital formation and deducting the value of assets 
that have reached the end of their service lives. To this end, a retirement or mortality profile is required to 
model the retirement process of a cohort of assets over time. A key parameter in the retirement profile is 
the average service life of the cohort. Part II of this Manual lists alternative mortality profiles and describes 
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ways how to estimate service lives. For the present purpose of demonstrating the concepts, we shall simply 
use a log-normal retirement distribution as shown in Figure 5. It depicts the marginal probability of 
retirement of a cohort of assets, with the highest probability of retirement around eight years, the average 
service life for the example at hand. The area under the retirement distribution sums to 100%, i.e. after 
around 16 years it is almost certain that all assets of the cohort will have retired. Retirement distributions 
can be truncated to fix a maximum service life, and in the present example this could be set at 16 years.  

Figure 5. Example of retirement distribution 
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64. The retirement function can be expressed in a cumulative way, i.e., by adding up the successive 
retirement probabilities over the service life of the cohort. The result is best explained by looking at Table 
6. It shows a sequence of investment in the same asset class over a period of 16 years.  The fifth column 
represents the probability of survival of assets that were purchased during these 16 years. Note that the 
probability of survival is just one minus the probability of retirement. Suppose that the current (latest) year 
is year 16. Then, the survival probability for investment goods purchased in year 16 is one, i.e., there is 
certainty of survival of the first period. There is a probability of approximately 84% that assets which were 
bought 8 years are still in service. But there is only a 0.6% probability for the 16 year old cohort to be still 
around. With this survival pattern at hand, the gross capital stock can be computed, based on the perpetual 
inventory method. The first column in Table 6 shows investment expenditure over the past 16 years, at 
historical prices. With the capital goods price index (third column), these data are converted into 
comparable units, valued at current prices of year 16 (fourth column). Next, the survival pattern is used to 
weight past cohorts by their survival probability with the result shown in column six. Upon adding up this 
last column, one obtains the gross capital stock valued at prices of period 16. 



STD/CSTAT/WPNA(2007)2 

 24

Even when depreciation profiles for a 
single asset are linear, depreciation 
profiles for an entire cohort turn out 

to be of convex shape.  
Reasoning in terms of a single asset is 

thus not a good guide to the 
depreciation profile of a whole cohort. 

Table 6. Retirement profile and gross capital stock  

Year (t)
Investment 
at historical 

prices

Price 
index 
(new) 
capital 
goods

Investment 
in prices of 

year 16

Survival 
pattern

Investment in 
prices of year 
16, weighted 

with 
retirement 

pattern

1 500 1.000 672.9 0.0060 4.0
2 800 1.020 1055.6 0.0225 23.8
3 1000 1.040 1293.6 0.0666 86.1
4 600 1.061 760.9 0.1584 120.6
5 500 1.082 621.7 0.3083 191.7
6 700 1.104 853.3 0.4998 426.4
7 750 1.126 896.3 0.6912 619.6
8 900 1.149 1054.5 0.8411 886.9
9 1200 1.172 1378.4 0.9330 1286.0

10 1000 1.195 1126.2 0.9770 1100.3
11 1100 1.219 1214.5 0.9936 1206.7
12 1200 1.243 1298.9 0.9984 1296.9
13 1100 1.268 1167.3 0.9995 1166.8
14 1000 1.294 1040.4 0.9997 1040.1
15 900 1.319 918.0 0.9998 917.8
16 800 1.346 800.0 1.0000 800.0

Gross stock 31/Dec/year 16 at average prices of year 16 11173.6  

4.3 Combined age-efficiency/retirement profiles 

65. Retirement distributions also have to be taken into account when age-price functions are derived 
from age-efficiency functions as was shown in section 3.2. It means that the age-price profiles derived 
there are age-price profiles conditional on the survival of the asset. If an age-efficiency profile is 
constructed for an entire cohort, the retirement distribution has to be taken into account which amounts to 
constructing a combined age-efficiency/retirement profile. From this combined efficiency/retirement 
profile an age-price profile can be derived, in line with the methods above. The resulting age-price profile 
is one that takes survival probabilities of assets into account. The price of an asset adjusted for the 
probability of survival will be lower than the price of an asset conditional on survival. 

66. Broadly spoken, an age-efficiency/retirement profile for a cohort of assets is computed by 
attaching a probability weight to different age-efficiency indices. For example, at the end of the first year 
of service there is a certain probability that some assets will 
retire. Thus, their age-efficiency profile has been falling 
extremely rapidly and become zero. There is a second set of 
assets whose age-efficiency has been falling slightly less 
rapidly than the first group because they are likely to retire at 
the end of the second period. Then there is a third group with 
an expected retirement at the end of the third period and with a 
corresponding age-efficiency profile and so on. For every 
point in the maximum service life of the cohort, a combined 
age-efficiency/retirement profile is computed by weighting each age-efficiency profile by its retirement 
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An important purpose of 
measuring depreciation is to 

move from gross to net 
measures in the accounts so 

that the welfare-relevant 
variable �net income� can be 

examined 

probability as given by the retirement distribution. For a full exposition see Sections 13.2 and 13.3 of this 
Manual. 

67. An interesting point is that this procedure implies that the age-efficiency profile for the cohort as 
a whole is different from the age-efficiency profile of an individual asset.  Figure 6 shows this difference 
for the linear age-efficiency function used in the numerical example in this chapter and for a lognormal 
retirement function. Despite the fact that the profile for an individual asset is linear, the age-
efficiency/retirement profile for the cohort as a whole is convex. The conclusion is that a geometric age-
efficiency/retirement profile may be a good approximation for a family of age-efficiency/retirement 
profiles for entire cohorts.  As geometric efficiency and depreciation patterns immensely facilitate 
computational procedures for capital stocks and capital services, this is an important practical 
consideration. 

Figure 6. Age-efficiency profile for single asset and for cohort of assets 

0.0

0.2

0.4

0.6

0.8

1.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Age

Age-efficiency profile for single asset
Age-efficiency/retirement profile for cohort

 

68. For the remaining discussion in Part I of this Manual, the distinction between age-efficiency 
profiles for a single asset and for an entire cohort of assets will be maintained, in particular for the 
discussion of depreciation and the net stock. 

5 DEPRECIATION OR CONSUMPTION OF FIXED CAPITAL 

5.1 Concept and scope 

69. Depreciation is the loss in value of an asset or a class of assets, as they age. Depreciation is a 
flow concept and as such shares key features such as principles of valuation with other flows in the 
national accounts. Economically, depreciation is best described as a deduction from income to account for 
the loss in capital value owing to the use of capital goods in production. The meaning of the value used up 
in production explains also why �Consumption of fixed capital� (CFC) has been used as a synonym for 
�Depreciation� in the 1993 SNA. Similarly, in the United States national accounts, the term �Capital 
consumption� has been employed.  

70. Depreciation measures, while of interest in themselves, have 
as a primary purpose to move from various �gross� measures of 
economic flows to the corresponding �net� variable, in particular for 
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production (net domestic product, net value added) and a number of demand variables such as net 
investment. This is more than a simple additional accounting line because net measures have a particular 
role to play in analysis. In particular, net measures permit analysis that is closer to a welfare perspective3 
than gross measures which tend to reflect a supply-side perspective.  The �net� aspect is also of particular 
relevance in conjunction with stock measures. As explained in Chapter 6, the net capital stock is a measure 
of wealth which provides another link to economic welfare. To measure the net capital stock of many 
assets, measures of depreciation are indispensable. 

71. The general definition of CFC is given in the 1993 System of National Accounts, paragraph 
6.179:  

�Consumption of fixed capital is a cost of production. It may be defined in general terms as the 
decline, during the course of the accounting period, in the current value of the stock of fixed 
assets owned and used by a producer as a result of physical deterioration, normal obsolescence 
or normal accidental damage. It excludes the value of fixed assets destroyed by acts of war or 
exceptional events such as major natural disasters which occur very infrequently. Such losses are 
recorded in the System in the account for �Other changes in the volume of assets�. Consumption 
of fixed capital is defined in the System in a way that is intended to be theoretically appropriate 
and relevant for purposes of economic analysis. Its value may deviate considerably from 
depreciation as recorded in business accounts or as allowed for taxation purposes, especially 
when there is inflation.�  

72. Some clarifications are needed.  

• First, depreciation must be measured with reference to a given set of prices, i.e. the average 
prices of the period. This is inherent in the nature of depreciation as an economic flow whose 
measurement requires a single valuation � namely the average price level of the period during 
which the flow occurs. Depreciation may then be defined as the decrease, between the beginning 
and the end of the current accounting period, in the value of the fixed assets owned by an 
enterprise. 

• Second, �used by a producer� must be interpreted to include situations where assets have been 
purchased by a producer but which for any reason have not yet been employed in a production 
process. This clarification is needed because depreciation can occur in respect of assets which are 
available at the producer�s establishment for use in production but which are kept idle for some 
reason. For example, in some centrally planned economies it was customary for producers to hold 
a surplus stock of assets for use in the event of unexpected breakdown of working assets, as 
insurance against interruption in the future supply of particular kinds of assets, or to cannibalise 
for spare parts. Assets held by producers but which have not been, or may never be, employed for 
productive purposes may nevertheless fall in value, even in the absence of physical deterioration, 
because of obsolescence and these falls in value must be included in depreciation. 

• Third, �physical deterioration� refers to wear and tear or decay that is not made good by repairs 
or by replacing worn components. Some assets may not suffer any physical deterioration because 
the asset owner makes good all wear and tear through careful maintenance. In such cases the fall 

 
3  The first on to establish a formal, model-based link between net domestic product and economic welfare was 

Weitzman (1976). However, the basic fact that net variables are more relevant for discussions about welfare than 
gross measures has long been around in the economics profession (see Marshall, 1890 and Pigou 1924 for 
example). 
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In this Manual, the terms 
�consumption of fixed capital� and 

�depreciation� are used 
interchangeably because they 

reflect the same concepts. National 
accountants use the former, 

whereas economic analysts are 
more attuned to the latter. 

in asset value over time measured by depreciation will be due only to foreseen obsolescence or to 
normal accidental damage. 

• Fourth, �normal accidental damage� refers to the kinds of accidents that are commonly insured 
against. Accidental damage includes cases where the 
asset has been so badly damaged that it has to be 
prematurely scrapped. Transport equipment is 
particularly vulnerable to damage of this kind and when 
service lives are estimated for such assets they must 
reflect the probability of premature scrapping through 
accidental losses.  

• Fifth, the above definition implies, without explicitly 
stating so, that �abnormal� or unexpected obsolescence is also excluded from consumption of 
fixed capital. Abnormal obsolescence here means unforeseen obsolescence and it may occur 
either because of unexpected technological breakthroughs or changes in the relative prices of 
inputs. Relative prices can change following events on product or factor markets, for example 
shifts in consumer taste.  Other reasons are of a technological nature: the introduction of 
electronic calculators in the 1960s is an example of an unforeseen development, which resulted in 
a sudden and sharp fall in the value of the existing stock of electromechanical calculators. The 
1973 oil-shock is an example of a drastic shift in relative input prices, which may have led to 
premature replacement in some countries of inefficient oil-using equipment by more efficient 
models or by assets using other energy sources. Premature scrapping of assets, which arises from 
unforeseen obsolescence, is treated in the same way as losses of assets due to wars or natural 
calamities and is shown in the account for �Other changes in the volume of assets�. 

• Sixth, the calculation of consumption of fixed capital should take into account the observed 
values of second hand assets when they are actively traded. How information on second hand 
markets can be used to determine depreciation profiles is discussed in Chapter 15. However, 
there are many assets for which there are no or no representative second hand markets, making 
empirical measurement of depreciation profiles difficult. In such cases, depreciation patterns may 
be considered a way of allocating fixed capital formation expenses over the service life of the 
asset. Such an allocation should be in adequacy with the income flows generated by the asset 
over lifetime4. 

5.2 Measuring depreciation 

73. The measurement of depreciation is directly associated with the age-price profile of an asset or of 
a cohort of assets. The rate of depreciation of an s-year old asset is the difference in the market price of an 
s-year old asset and an s+1 year old asset, expressed as a proportion of the s-year old asset. In this 
calculation, both the price of the s-year old asset and the price of the s+1 year old asset are thereby 
measured as average prices of the accounting period. Thus, in the example of the price history of an asset 
in Table 4, depreciation rates are measured by comparison of values across lines. For example, the 
depreciation rate for a one-year old asset is (40.92-32.12)/40.92, or about 21 %, the depreciation rate for a 
two year old asset is about 24 %. Note that in this numerical example, rates of depreciation are 
accelerating. This is a direct consequence of the fact that the age-price function was consistently derived 
from the assumed linear age-efficiency function. 
 
4  The amounts so allocated are not a complete measure of the cost of capital � they ignore price changes and 

interest rates, just as the part of annuity that corresponds to the reimbursement of the principal of a loan is an 
insufficient statistic for the monthly cost of the loan. 
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74. Table 4 is based on the efficiency and price profiles for a single asset. The discussion in the 
preceding Chapter on retirement showed, however, that realistically, age-efficiency and age-price profiles 
for entire cohorts should be used, which reflect retirement distributions. Thus, just like the age-price profile 
for a single asset can be consistently derived from the age-efficiency profile for a single, an age-price 
profile for an entire cohort can be derived from an age-efficiency profile for an entire cohort. The 
computation is exactly as in Table 4 for a single asset. 

75. The transition from the single asset perspective to the cohort perspective is shown in Table 7. The 
first column depicts the age of investment goods. The table is best read starting with the third column that 
replicates the age-efficiency function in the case of a single asset with service live of eight years � the same 
pattern that was summarised in Table 5. When moving from a single asset to a cohort, other asset lives 
must be considered. The second and fourth column in Table 7 show examples of age-efficiency functions 
for different service lives � 1 year and 16 years. For the cohort of assets at hand, 8 years have been 
considered the average service life and 16 years the maximum service life. To construct an age-efficiency 
profile for the cohort as a whole, a probability-weighted average of the age-efficiency functions associated 
with different service lives is constructed. How exactly this is achieved and which possibilities there are for 
calculation is explained in detail in Section 13.3. For the simple example at hand, it suffices to say that the 
result is a combined age-efficiency/retirement profile for the cohort as a whole which is shown in the 
second column from the right. Finally, the last column in Table 7 represents the age-price profile that 
corresponds to this combined age-efficiency/retirement profile. It has been derived from the combined age-
efficiency/retirement profile in precisely the same way an age-price profile for a single asset has been 
derived from an age-efficiency profile for a single asset (Table 2 to Table 5). The age-price profile for a 
cohort is the starting point for the calculation of depreciation and of net stocks.  

Table 7. Age-efficiency and age-price profiles for a cohort 

Age of 
investment 

good

Age-efficiency/ 
retirement 
profile for 

cohort

Age-price 
profile for 

cohort

1 year �. 8 years �. 16 years

15 .. .. 0.06 0.00 0.00
14 .. .. 0.13 0.00 0.00
13 .. .. 0.19 0.00 0.00
12 .. .. 0.25 0.01 0.00
11 .. .. 0.31 0.02 0.01
10 .. .. 0.38 0.05 0.02
9 .. .. 0.44 0.09 0.03
8 .. 0.00 0.50 0.16 0.07
7 .. 0.13 0.56 0.24 0.11
6 .. 0.25 0.63 0.34 0.18
5 .. 0.38 0.69 0.45 0.27
4 .. 0.50 0.75 0.56 0.38
3 .. 0.63 0.81 0.67 0.50
2 .. 0.75 0.88 0.78 0.65
1 0.00 0.88 0.94 0.89 0.82
0 1.00 1.00 1.00 1.00 1.00

Age-efficiency profile for single asset with service life of
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Depreciation rates and depreciation 
profiles are different ways of 

presenting the age-price profile of an 
asset, with exactly the same 

information contents.  

76. Before moving on to show how depreciation is calculated, it is noted that in Table 7, age-price 
profiles for a cohort have been derived from the age-efficiency profile. This is one way of constructing a 
consistent set of capital measures. Alternatively, the starting point could be age-price profiles for 
individual assets. For example, statistical offices have often used a linearly-declining age-price function, 
i.e., constant absolute values of depreciation over an asset�s 
lifetime. One notes that if the starting point is a particular 
depreciation or age-price pattern, a consistent (and generally 
non-linear) age-efficiency profile has to be derived. For a 
more detailed discussion, the reader is referred to Chapter 10.  

77. We now continue the description of depreciation measurement by introducing depreciation rates. 
Depreciation rates are shown in the third column of Table 8 and are simply a different way of expressing 
the age-price profile for the entire cohort that was derived in Table 7: for every age, the depreciation rate 
shows the difference in value between successive ages as a percentage of the younger asset. Thus, the 
depreciation rate for a one year old asset is the price difference between a one year-old and a two year-old 
asset expressed as a percentage of the value of the one year old asset � 20.3% for the example at hand. 

78. For purposes of computation another transformation is useful, namely to compute depreciation 
profiles based on new asset values. The latter reflect the value loss of an asset as it ages, expressed as a 
percentage of the value of a new asset, as shown in Table 8. For a new asset, depreciation rates and 
depreciation profiles coincide (18.4%) but for other ages, they are different. For example, the 16.5 % 
depreciation profile for a one year old asset is computed as the depreciation rate for a one-year old asset 
multiplied by one minus the depreciation rate for a new asset, i.e., 0.203*(1-0.184)=0.165. Similarly, for a 
two-year old asset, one obtains 0.225*(1-0.203)*(1-0.184)=0.147 etc. The sole purpose of transforming 
�normal� depreciation rates into depreciation profiles based on new asset values if one of computational 
convenience, as will presently be discussed, and to be able to establish links to the existing practice of 
computing CFC in the national accounts. 
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Table 8. Depreciation rate and depreciation profile 

Age of 
investment 

good

Age-price profile 
for cohort

Depreciation 
rate

Depreciation 
profile

15 0.000 1.000 0.000
14 0.000 0.825 0.000
13 0.001 0.775 0.000
12 0.002 0.723 0.001
11 0.006 0.668 0.004
10 0.015 0.608 0.009

9 0.034 0.546 0.018
8 0.066 0.484 0.032
7 0.114 0.425 0.049
6 0.182 0.372 0.068
5 0.269 0.325 0.088
4 0.377 0.286 0.108
3 0.504 0.253 0.127
2 0.651 0.225 0.147
1 0.816 0.203 0.165
0 1.000 0.184 0.184

 

79. There are two, equivalent ways of computing the level of depreciation � one that uses the rates of 
depreciation directly and one that operates via the net or wealth capital stock5. Consider the second 
operation first. It obliges us to anticipate that, under the perpetual inventory method (described at greater 
length in Chapters 6 and 10), the net stock for a particular type of asset is constructed by cumulating past 
flows of investment with the age-price function as a weighting pattern. This is simulated in the first six 
columns of Table 9: the year for which depreciation is to be computed is year 17 and the second column 
lists investment expenditure of a particular asset type during the years 1 to 17. Investment is valued at 
average prices of year 16 � a base year that has been chosen arbitrarily. Column three exhibits the 
combined age-price/retirement profile that applies at the end of year 16: investment (i.e., gross fixed 
capital formation � GFCF) during year 16 gets a weight of 1; GFCF during year 15 gets a weight of 0.816 
and so on. Column four exhibits the age-price/retirement profile from the perspective of the end of year 17 
� year 17 investment enters with a coefficient of 1, year 16 investment with a coefficient of 0.816 and so 
on. In column five, past investment flows are weighted with the age-price profile that applies at the end of 
year 16, and in column six, past investment flows are weighted with the age-price profile that applies at the 
end of year 17. Summing up columns five and six yields the net stocks at the beginning (column 5) and at 
the end (column 6) of year 17, valued at average prices of year 16. 

 
5  The words �net stock� and �wealth stocks� are used interchangeably in this Manual (see Chapter 6). 
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Table 9. Computing depreciation 

Year (t)
Investment 
in prices of 

year 16

Age-price 
profile year 

16

Age-price 
profile year 

17

Depreciation 
profile

Past investment 
weighted by 
depreciation 

profile

Year 16 Year 17

1 672.9 0.000 0.000 0.0 0.0 0.000 0.0
2 1055.6 0.000 0.000 0.1 0.0 0.000 0.1
3 1293.6 0.001 0.000 0.7 0.2 0.000 0.6
4 760.9 0.002 0.001 1.5 0.4 0.001 1.1
5 621.7 0.006 0.002 3.7 1.2 0.004 2.5
6 853.3 0.015 0.006 13.1 5.1 0.009 8.0
7 896.3 0.034 0.015 30.3 13.8 0.018 16.6
8 1054.5 0.066 0.034 69.2 35.7 0.032 33.5
9 1378.4 0.114 0.066 157.3 90.4 0.049 66.9

10 1126.2 0.182 0.114 204.5 128.5 0.068 76.1
11 1214.5 0.269 0.182 326.9 220.6 0.088 106.3
12 1298.9 0.377 0.269 489.4 349.6 0.108 139.8
13 1167.3 0.504 0.377 588.5 439.8 0.127 148.7
14 1040.4 0.651 0.504 677.2 524.5 0.147 152.6
15 918.0 0.816 0.651 749.4 597.5 0.165 151.9
16 800.0 1.000 0.816 800.0 653.0 0.184 147.0
17 1176.5 1.000 1176.5

4111.9 4236.9 1051.5
During year 17:
Change in wealth stock in prices of year 16 125.0
  Of which investment in prices of year 16 1176.5
  Of which depreciation in prices of year 16 -1051.5

Past investment 
weighted by age-price 

profile

 

80. To compute depreciation, the total change in the wealth stock between the beginning and the end 
of period 17 is readily computed as 125 currency units. This difference can be broken down into  
investment and depreciation (all measured on the same price basis), and it is easily established that 
depreciation during period 17 has to be $1051.5, given a flow of investment of $1176.5 and the change in 
the wealth stock of $125. As everything has been expressed in prices of period 16, depreciation of period 
17, expressed in current prices of period 17, is obtained by multiplying through with the price change of 
investment goods between periods 16 and 17. 

81. There is a second, equivalent way to compute depreciation and it uses directly the depreciation 
profile shown in Table 8. More specifically, the depreciation profile is applied directly to the series of past 
investment. This computation can be seen in the 7th and 8th column of Table 9. The sum of the weighted 
investment flows equals 1051.5, the value of depreciation in year 17, expressed in prices of year 16. 

5.3 Price and volume of depreciation 

82. The calculations above were all carried out for a particular type of assets, and the price-volume 
split is straight forward by applying the appropriate (quality-adjusted) price index of the asset class under 
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consideration. Splitting aggregate depreciation (i.e. the sum of depreciation across all assets) into a price 
and volume component is slightly more complex and will be addressed in Section 8.3.3. 

5.4 Depreciation and obsolescence 

83. It was mentioned earlier that, along with physical deterioration, depreciation should include 
�normal� or �foreseen� obsolescence. The question how to define obsolescence, how to measure it and how 
to ensure that it is part of depreciation measurement has recently been discussed (Hill 2000, 2003, Diewert 
2005, Ahmad et al. 2005, Schreyer 2005, Diewert and Wykoff 2006) with different proposals for the 
measurement of depreciation. 

84. A representative definition of obsolescence from the literature is ��the loss in value of existing 
capital because it is no longer technologically suited to economic conditions or because technically 
superior alternatives become available� (Hulten and Wykoff 1981 p. 255). Obsolescence is typically 
described as a value phenomenon, not one that affects the physical services provided by a capital good. 
However, the borderline between value effects and physical effects can be blurred: 

• Conceptually, obsolescence also comprises complex cases induced by relative price changes of 
other inputs so that the asset under consideration is no longer suited to economic conditions. An 
energy-intensive machine may become obsolete if energy costs rise relative to other inputs or a 
coal mine may become obsolete if the price for coal becomes uncompetitive. Such obsolescence 
will translate into the shortening of economic service lives of assets and affects the value of the 
asset as well as the overall flow of services it delivers. Diewert and Wykoff (2006) have labelled 
downward shifts in the price of specialised capital due to shifts in demand disembodied 
obsolescence charge since it can occur even if no new, improved models of the capital input 
appear on the market. 

• When obsolescence is linked to the introduction of new, improved models, there is a case of 
embodied obsolescence charge in the terminology of Diewert and Wykoff (2006). Because 
embodied obsolescence is directly linked to quality change, the use of quality-adjusted price 
indices is a tool by which the volume of assets with different characteristics can be made 
comparable. For example, when investment data for successive years is used to construct 
measures of depreciation, quality-adjusted price indices are applied for deflation. But this implies 
that the volume investment of older vintages is scaled down relative to new ones because time 
series of investment are converted into standard efficiency units. Thus, even though the absolute 
productive efficiency of an old capital good may be unchanged, quality improvements in newer 
capital goods lead to a reduction in the volume measure for the old capital good, when expressed 
in new equivalent efficiency units. 

85. At the risk of oversimplifying the debate, a main issue has been whether depreciation measures 
should only comprise the difference in value between assets of different age at a given period or whether 
the depreciation measure should also include expected downward adjustments in real asset prices between 
periods. The inclusion of the second element, advocated for example by Hill (2000), was motivated by the 
idea that secular falls in real asset prices are indicative of embodied technical change that makes assets 
relatively cheaper over time. This is an expression of obsolescence and should therefore be part of the 
depreciation measure, as depreciation should reflect obsolescence. On the other hand, important strands of 
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the economic literature on depreciation6 have always defined and measured depreciation excluding 
declines in real asset prices. 

86. One of the conclusions from the debate was that there may be no single �correct� measure of 
depreciation but that different analytical questions may give rise to different notions of depreciation. One 
way to look at depreciation is as the value of assets lost due to their use in production or the means that 
need to be set aside to keep the productive capacity of an economy intact. Another way to look at 
depreciation is as the amount of wealth that is lost to owners of assets because the latter are used in 
production and because there is a long-term downward trend in real asset prices. The latter interpretation 
would call for an inclusion of real price drops into measures of depreciation, the former interpretation 
would call for an exclusion of real price drops from depreciation while treating them as a real holding loss, 
i.e., as a wealth effect. Put differently, if depreciation is there to measure the value of investment needed to 
keep the productive stock of an economy intact, falls in real asset price should not enter the calculation. If 
depreciation is there to measure the value of investment needed to keep the purchasing power of capital 
owners� wealth stock intact, real asset prices should be considered (Schreyer 2005). 

87. In the event, the question about what to include in a measure of depreciation is a question about 
what net income (or other net measures in the national accounts) is supposed to measure, much more than a 
question about obsolescence. Diewert (2006a) traces this discussion about net income back to a debate 
between Pigou (1924, 1941), Clark (1940) and Hayek (1941).  Deducting depreciation inclusive of 
expected declines in real asset prices from gross income yields a net income measure that corresponds to 
income from the consumer perspective. Diewert�s (2006a) net income measure adjusted for �wear and tear 
and revaluation� is similar but more general because it allows for real capital losses as well as capital 
gains. Deducting depreciation exclusive of expected declines in real asset prices from gross income yields 
a net income measure that corresponds to income from a producer perspective. 

88. The present Manual uses a notion of depreciation that does not encompass the changes in relative 
prices of assets. There are several reasons for this. 

• The first reason is that it keeps the supply side and production perspective of the economy 
separate from the demand and consumer side. A measure of depreciation that captures the 
discounted value of capital used up in production and the investment needed to keep the 
productive capacity of the economy intact fits into a supply-side perspective. A consumer or 
demand side perspective can easily be added by considering wealth effects arising with the 
ownership of productive assets but it seems better to keep these effects separate rather than 
lumping them together in the first place. 

• The second reason is that present practice in OECD countries� national accounts corresponds to a 
notion of depreciation that excludes wealth effects. 

 
6  For a representative summary of such work, see Jorgenson (1996). Some authors (Ahmad, Aspden and Schreyer 

2005) have argued that expected obsolescence should be part of depreciation but that the inclusion of real asset 
price changes is neither necessary nor sufficient to capture them. Jorgenson (1999) argued that there was not need 
to separately account for obsolescence. He writes: �[�] there is no role for the concept of �obsolescence� in the 
new definition [of depreciation], since all asset prices are defined in terms of constant quality price indices, like 
those employed for computers by BEA. Purchasers of assets anticipate quality change, but this information is 
included in the prices of assets, so that no separate accounting for obsolescence is required�.  This seems to be 
very close to Diewert�s and Wykoff�s (2006) point about embodied obsolescence charges. 
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• The third reason is consistency with the overwhelming part of the productivity measurement 
literature (see OECD 2001a) which uses the definition of depreciation exclusive of real asset 
price changes. 

89. However, we reiterate that different analytical questions may give rise to different treatment of 
relative price changes for capital goods. In particular, for the analysis of wealth effects and welfare, it is 
meaningful to add expected holding (gains and) losses to measures of depreciation so as to trace net 
income over time. 

5.5 Determining depreciation parameters 

5.5.1 Derived from age-efficiency profiles 

90. There are several approaches towards deriving depreciation rates in practice. The first option is to 
start from information or assumptions about assets� service lives and about their age-efficiency profile and 
from there derive the age-price profile and depreciation rates, very much along the lines shown in Table 2 
to Table 5. A more detailed discussion of age-efficiency profiles can be found in Chapter 6 and a formal 
description of how to derive depreciation parameters from the age-efficiency profile can be found in Part II 
of this Manual.  

5.5.2 Direct determination of age-price profiles  

91. The second option � frequently used by statistical offices � is to start from information or 
assumptions about assets� service lives, and make an additional assumption about the functional form of 
the depreciation function. In many instances, the assumption has been that depreciation follows a linear 
pattern. The third option is to derive depreciation parameters through empirical information on used asset 
prices that can be exploited econometrically. Options two and three are also described more formally in 
Part II of this Manual.  Some general points can be made here. 

92. First, when a linear pattern for the age-price or depreciation profile is assumed, no allowance is 
made for a retirement distribution in the computation of the profile. The retirement profile has to be built 
into the computation by adjusting the age-price profile for retirement or by multiplying past investment 
vectors through by their survival probability (see Section 13.3). This amounts to making use of the 
elements of the gross capital stock. The total amount of depreciation for a particular period, valued at 
average prices of this period, is then obtained by applying the vector of depreciation parameters to the 
vector of past investments where each investment has been adjusted for its probability of survival. 

93. Second, when a pattern of constant percentage decline in asset values is chosen for the age-price 
profile (�geometric pattern�), a simple method to obtain geometric coefficients is the double-declining 
balance method where the rate decline is given by the following expression: ii T2=δ  where iT  is the 
average service life. At the same time, there are no broad-based empirical results that would generally 
support that value. For further discussion of the declining balance method see Chapter 12. 

94. A preferred way to obtain the parameters for geometric models of depreciation is from 
econometric studies of used asset prices. Although the empirical basis is not very broad, these results 
provide much better foundations for depreciation estimates than simple assumptions. The principles of 
such studies are described in Chapter 12. 
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Net stocks capture the wealth aspect 
of capital � they are the right entries 

for balance sheets  

6 NET (�WEALTH�) CAPITAL STOCK 

6.1 Concept 

95. The stock of assets surviving from past periods, and corrected for depreciation is the net or 
wealth capital stock. The net stock is valued as if the capital good (used or new) were acquired on the date 
to which a balance sheet relates. The net stock is designed to reflect the wealth of the owner of the asset at 
a particular point in time. Hence, the notion of �wealth� stock which seems more telling than �net� stock 
because there are other types of �net� capital measures, for example the productive stock is �net� of 
efficiency losses of capital goods due to ageing. The net stock is the measure that enters balance sheets of 
institutional sectors. 

6.2 Measurement 

96. Broadly spoken, there are three avenues to measure the net stock:  

• through direct application of the perpetual inventory method, as the sum of past investments, 
weighted by an age-price profile; 

• derived from gross stock and depreciation; 

• from company surveys. 

6.2.1 Direct application of the perpetual inventory method 

97. The starting point for any computation of the net stock is the age-price/retirement profile for a 
particular asset group. This age-price profile can either be directly determined from empirical observations 
about depreciation patterns or it can be derived from combined age-efficiency/retirement patterns 
described earlier in this Manual.  

98. With the age-price profile in hand, the perpetual 
inventory method can be applied to yield a measure of the net 
stock, as shown in Table 10. As in earlier tables, the second 
column features investment at historical prices which is 
transformed into current prices of year 16 (column four) by applying the investment price index from 
column three.  Next, the combined age-price/retirement pattern from Table 7 is applied to weigh the vector 
of past investments. Thus, investment of the current period 16 gets a weight of one, implying that its 
entirety features in the net stock, investment from period 15 is equipped with a weight of about 81%, and 
so forth until investment from 16 years earlier which basically fetches a zero weight. The last column 
shows the so-weighted investment series which are then added up to yield the net stock  of 4111.9 currency 
units at the end of year 16, valued at prices of year 16. 
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Table 10. Computing the net stock  

Year (t)
Investment at 

historical 
prices

Price index 
(new) 
capital 
goods

Investment in 
prices of year 

16

Age-price 
profile for 

cohort

Investment in prices 
of year 16, weighted 
with age-price profile 

for cohort

1 500 1.000 672.9 0.000 0.0
2 800 1.020 1055.6 0.000 0.1
3 1000 1.040 1293.6 0.001 0.7
4 600 1.061 760.9 0.002 1.5
5 500 1.082 621.7 0.006 3.7
6 700 1.104 853.3 0.015 13.1
7 750 1.126 896.3 0.034 30.3
8 900 1.149 1054.5 0.066 69.2
9 1200 1.172 1378.4 0.114 157.3

10 1000 1.195 1126.2 0.182 204.5
11 1100 1.219 1214.5 0.269 326.9
12 1200 1.243 1298.9 0.377 489.4
13 1100 1.268 1167.3 0.504 588.5
14 1000 1.294 1040.4 0.651 677.2
15 900 1.319 918.0 0.816 749.4
16 800 1.346 800.0 1.000 800.0

Net stock end of year 16 at average prices of year 16 4111.9

 

99. The net capital stock at prices of the current year in Table 10 was calculated using the year 
average prices of the asset if the investment deflator in column relates to mid-periods.  In the SNA balance 
sheets however, the net capital stock must be valued at year-end prices because all entries in the balance 
sheets refer to the market values of assets and liabilities at the end of each year. Thus, to use the net capital 
stock at current prices shown in Table 10 as a balance sheet entry, it must be multiplied by the ratio of end-
year to year average prices. End-year prices are not usually calculated directly but are obtained by 
averaging December/January or fourth/first quarter prices if these are available or by averaging year-
average prices for adjacent years. 

100. Year-average prices are, however, the correct price basis for valuing depreciation, both at current 
and constant prices. Depreciation is a flow that occurs regularly throughout the year. Ideally it would be 
valued at the prices prevailing each moment that it occurs, but as this is not practical, the average of prices 
throughout the year � or failing that mid-year prices � are an acceptable approximation. Thus, the net stock 
at year-average prices is useful in the context of measuring depreciation, as shown in Chapter 5. 

6.2.2 Derivation from gross stock and depreciation 

101. For assets in a balance sheet, the System of National Accounts recommends valuing them by 
writing-down the current purchasers� or basic prices of new assets by the accumulated consumption of 
fixed capital of these assets. This corresponds to what is described under the present section. Because this 
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method is entirely equivalent to the �direct application of the perpetual inventory method� described above, 
both these approaches constitute measurements recommended by the SNA. 

102. A second way, thus, of computing the net stock consists of adjusting measures of the gross 
capital stock for cumulative depreciation. This presupposes that the depreciation measures are available. 
As has been shown in the Chapter on depreciation, there are several, equivalent ways of deriving 
depreciation measures. One is by comparing net stocks and deducting gross fixed capital formation. This 
method can of course not be used in the present case because it implies a circularity - that the net stock is 
known to derive the net stock. In other words, it is not possible to compute both the net stock and 
depreciation indirectly � at least one of them has to be computed by directly applying age-price or 
depreciation profiles to time series of investment. 

6.2.3 Company surveys 

103. Because the net stock is conceptually similar to balance sheet items in company accounts, 
information from companies can in principle be used to gauge the level of the net stock of fixed assets. As 
described in greater detail in Chapter 12 several practical issues have to be overcome before company 
information is usable for the national accounts. One important issue is valuation � data on company assets 
may be valued at historical costs whereas national accounts balance sheet items have to be valued at 
current prices. Another question is whether the depreciation patterns used by companies to derive net 
values of assets are broadly compatible with national accounts principles, in particular whether the 
depreciation pattern approximates a loss in market value of the asset. Sometimes fiscal considerations or 
fiscal rules such as accelerated depreciation influence the value of a company�s net stock without being 
representative of market values. 

7 PRODUCTIVE STOCK AND CAPITAL SERVICES 

7.1 Concept 

104. The stock of assets surviving from past periods, and corrected for its loss in productive efficiency 
is the productive capital stock. Thus, productive stocks are directly related to the quantity and production 
aspect of capital. Productive stocks constitute an intermediate step towards the measurement of capital 
services. The assumption is made that the flow of capital services � the actual capital input into production 
� is proportional to the productive stock of an asset class. If the factor of proportionality is constant, the 
rate of change of capital services will equal the rate of change of the productive stock. The same rate of 
change constitutes the volume component when it comes to splitting the change in the total value of capital 
services at current prices into a price and a volume component.  

7.2 Computing productive stocks 

105. The productive capital stock for a single asset is measured through direct application of the 
perpetual inventory method, as the sum of past investments, weighted by an age-efficiency profile. The 
age-efficiency pattern (see also Chapter 3.2) describes the change in an asset�s productive efficiency as the 
asset ages. Typically, the age-efficiency profile is expressed relative to the productive efficiency of a new 
asset7. By applying the age-efficiency profile to quantities of past investment, all vintages are expressed in 

 
7. Nothing hinges on this practice. The productive stock could be expressed in efficiency units of any vintage and 

calculations for the total value of capital services and the quantity index of capital services would still yield 
identical results. 
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Productive stocks measure the stock 
of assets, corrected for efficiency 

loss and retirement. They are seen 
as the stocks that generate flows of 
capital services, the input of capital 

into production  

new-equivalent efficiency units. The computation of the productive stock via addition of efficiency-
adjusted investments of past period implies complete substitutability of past vintages, once adjusted for 
efficiency differences. This is more stringent an assumption than strictly necessary8 but has some practical 
advantages. Triplett (1997) discusses this assumption with the example of trucks: 

�The assumption that old trucks can be represented as some smaller quantity of new trucks (that 
is, reduced proportionately by deterioration) implies somewhat unrealistic conditions about the 
way trucks and other inputs combine in the production process. One can think of the deteriorated 
truck as equivalent to a lower quality truck (compared to a new one). In the quality change 
literature, the assumption that permits expressing improved trucks as �more� unimproved ones is 
termed �repackaging�. The repackaging assumption and its limitations are discussed in Fisher 
and Shell (1972)� 

106. The productive stock for a single (type of) asset may or may not coincide with the net stock of a 
single (type of) asset. The two stock measures are identical if the age-efficiency profile is identical with the 
age-price profile. Such an identity holds for geometric age-efficiency and age-price profiles and has been 
discussed earlier in this Manual. A more important difference between the productive stock and the net 
capital stock arises, however, in the process of aggregation. Net capital stock measures are aggregated on 
the basis of market prices whereas productive stocks are aggregated on the basis of user costs. Put slightly 
differently, an index of the net capital stock can be considered a weighted average of the index of net 
stocks for different types of assets, where each asset�s share in the total market value of assets figures as 
weight. An index of the productive stock, on the other hand, constitutes a weighted average of an index of 
productive stocks by type of asset, where each asset�s share in total user costs figures as weight. Usually, 
an index of the net capital stock evolves quite differently from an index of the productive stock, i.e., from 
an index of capital services. In many empirical applications, the productive stock has risen faster than the 
net stock. This happens, for example, when there is a shift in the composition of investment towards more 
short-lived capital goods such as information technology equipment. Short-lived capital goods are marked 
by high depreciation and holding losses, i.e., elements that tend to raise these assets� user costs share 
relative to their share in market value. The consequence is that fast-growing components of the productive 
stock get a higher weight than under the net stock calculation and the overall productive stock moves faster 
than the overall volume of the net capital stock. 

107. Table 11 continues the numerical example 
introduced earlier and shows how the productive stock for a 
single asset can be computed under the perpetual inventory 
method. Investment at historical prices is put on a comparable 
basis by applying the price index of new capital goods so that 
the time series of investment is expressed in prices of period 
16. Then, use is made of the combined age-
efficiency/retirement pattern introduced in Section 4.3. This 
profile serves to weight the vector of constant price investment, the result of which is shown in the last 
column of the table. Summing up the column yields the productive capital stock at the end of period 16, 
and valued at period 16 prices. The same type of calculation, carried out for a sequence of years, provides 
the basis for measuring the flow of capital services provided by the asset group.  As was mentioned above, 
aggregation across assets proceeds with user costs weights. The nature of user cost weights is discussed in 
the next section. 

 
8. Diewert and Lawrence (2000) show how more general aggregation procedures with superlative index numbers 

can be used to aggregate quantities across different vintages. Thereby, perfect substitutability between vintages is 
not required.   
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Table 11. Computing the productive stock for a single (type of) asset 

Year (t)
Investment 
at historical 

prices

Price 
index 
(new) 
capital 
goods

Investment 
in prices of 

year 16

Age-
efficiency 
profile for 

cohort

Investment in 
prices of year 
16, weighted 

with age-
efficiency 

pattern

1 500 1.000 672.9 0.0001 0.1
2 800 1.020 1055.6 0.0005 0.5
3 1000 1.040 1293.6 0.0021 2.7
4 600 1.061 760.9 0.0071 5.4
5 500 1.082 621.7 0.0197 12.2
6 700 1.104 853.3 0.0459 39.2
7 750 1.126 896.3 0.0914 81.9
8 900 1.149 1054.5 0.1580 166.6
9 1200 1.172 1378.4 0.2434 335.6

10 1000 1.195 1126.2 0.3420 385.1
11 1100 1.219 1214.5 0.4478 543.9
12 1200 1.243 1298.9 0.5570 723.5
13 1100 1.268 1167.3 0.6674 779.1
14 1000 1.294 1040.4 0.7782 809.6
15 900 1.319 918.0 0.8891 816.2
16 800 1.346 800.0 1.0000 800.0

Productive stock end of year 16 at (current) prices of year 16 5501.6
 

8 USER COSTS  

8.1 Concept 

108. In a production process, labour, capital and intermediate inputs are combined to produce output. 
Conceptually, there are many facets of capital input that bear a direct analogy to labour input. Capital 
goods are seen as carriers of capital services that constitute the actual input in the production process. For 
purposes of productivity and production analysis, then, capital services constitute the appropriate measure 
of capital input. At present, however, the national accounts provide no measure of the value, price or 
volume of capital services. 

109. Consumption of fixed capital or depreciation is sometimes thought of as reflecting the full costs 
of using fixed assets. That this is a misconception can easily be shown by taking the case where fixed 
assets are not owned by a firm but rented from another unit who owns the capital good. The owner�s price 
charged for the rental will comprise not only depreciation (consumption of fixed capital), but other 
elements as well, for example an item reflecting financing costs of capital, lest the asset owner would make 
a permanent loss from renting out the asset. 
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110. In practice, many fixed assets are owned by their users and to measure the costs of capital 
services to owner-users, an imputation has to be made that brings together various elements of rentals to 
determine a price that the owner �charges to himself�. As often, imputing unobserved values raises 
conceptual and empirical issues and one objective of the present Manual is to provide guidance on the 
choice of these elements. 

111. The idea that the production account does not explicitly identify the total values of capital 
services from fixed assets but instead records them within value-added or operating surplus is not, of 
course, new. The impetus to separately identify these capital services now however, largely reflects the 
increased interest in growth accounting and productivity analysis (OECD 2001a, Harper et al. (2003), 
Jorgenson and Landefeld 2006).  

112. A major impetus behind recognising capital services measures in conjunction with the national 
accounts is to lend more structure to gross domestic income, and in particular, to enable a price-volume 
split of the income accruing to capital. Deflated gross domestic income can also be seen as a volume 
measure of labour and capital inputs and, when compared to deflated gross domestic product yields a 
measure of multi-factor productivity. 

8.2 Interpreting and measuring rental prices and user costs 

113. If there are rental markets, observed rentals could provide a first approximation to the user costs 
of capital for owner-users of the same assets. However, rental markets are far from complete or 
representative. There is another reason why market rentals may differ from user costs of capital: for a 
lessor, the rental does not constitute the net benefit that he gets from letting a capital good during one 
period. The lessor has to cover other costs such as labour and overheads associated with the leasing 
service. These costs have to be reflected in the rental which therefore constitutes a measure of turnover but 
not of operating surplus, or benefit, to the lessor. However, it is this benefit that is relevant for the owner-
user in his evaluation of the costs of capital. Consequently, even if there were pervasive rental markets, 
observed rentals would constitute only a first approximation to the user costs for owners of assets. 

114. Various components have to be added up to approximate the cost of capital services.  A simple 
method for deriving a formula for the cost of using an asset is the following argument.  Suppose the owner 
of an asset wants to determine the minimum price (before adding on costs of associated labour and 
overheads) at which he is willing to rent the asset during one period of time. In the simplest case, three 
main cost elements have to be considered: (i) the cost of financing or the opportunity cost of the financial 
capital tied up through the purchase of the asset; (ii) depreciation, i.e., the value loss due to ageing; (iii) 
revaluation, i.e., the expected price change of the class of assets under consideration. 

115. Suppose that one deals with an asset that is new at the beginning of the accounting period. Then, 
unit user costs can be presented as a share of the purchase price of a new asset where the percentage share 
is made up of three (approximately) additive components: a nominal rate of return; a rate of depreciation 
for a new asset; and a nominal rate of asset price change. It should be noted that in general unit user costs 
are time and age-dependent: they apply during a particular accounting period for an asset with a particular 
age. 
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116. In many instances, it will be easier to work with real rates of return and with real changes in asset 
prices. If r*t stands for the real rate of return (i.e., the nominal rate of return corrected for a general 
inflation) that applies during period t, if i*t is the real anticipated change in asset prices, if δ0 stands for the 
depreciation rate of a new asset, and if P0

t is the purchase price of a new asset at the beginning of period t, 
the unit user cost f0

t for a new asset is approximately given by 

(2) f0
t ≈ P0

t [r*t � i*t + δ0] 

117. A full development of this derivation and different variants of user cost expressions can be found 
in Part III of this Manual. We note, however, at this stage that a reasonable approximation to (2) can often 
be obtained by setting the anticipated real holding gains term i*t equal to zero.  If this is done, the resulting 
user cost formula simplifies to:  

(3) f0
t ≈ P0

t [r*t + δ0] 

118. Thus this simplified unit user cost depends only on the period t real interest rate r*t, the 
depreciation rate δ0, and the beginning of period t asset purchase price P0

t.  The main advantage over the 
other, preferred, formula (2) is that it is not necessary to estimate anticipated real holding gains and thus 
formula (3) is more reproducible, since different investigators will have different techniques for forming 
expected or anticipated holding gains. At the same time, if relative asset prices show marked trends, the 
use of (3) may introduce a bias into the weighting structure of different assets� capital services flows.  

119. This user cost formula, due essentially to Walras (1954), says that the user cost of capital is equal 
to the anticipated real interest rate plus the anticipated depreciation rate times the beginning of the period 
stock price of the asset. 

120. The user cost formula as presented above constitutes the costs of using an asset of a particular 
age for one accounting period � for an owner-user this cost can be understood as a price internal to the 
firm. Multiplying the unit user cost by the number of capital goods of corresponding age and summing up 
across all capital goods gives rise to a measure of total user costs. In a national accounts context, the value 
of capital services corresponds more or less to gross operating surplus plus capital�s share in mixed 
income. In the national accounts, the income side of the national accounts is not normally measured at 
constant prices. However, with the user cost formula at hand, the total remuneration for capital can be 
broken down into a price component (an index of user costs) and into a volume component (an index of the 
productive stock or of capital services). This breakdown is an essential tool in measuring the volume of 
total capital input and in measuring multi-factor productivity. 

121. Three main elements of user costs were identified above: a return on capital, depreciation and 
revaluation or holding gains and losses. Chapters 5 and 12 of this Manual deal with the concept and 
measurement of depreciation, respectively. Chapter 16 discusses at some length the empirical choices for 
rates of return and revaluation. What remains in the present conceptual part of the Manual is to discuss 
some of the conceptual aspects of the rate of return. 

8.3 Rates of return � conceptual considerations 

122. The choice of the rate of return is an important element in the construction of user costs. In a 
functioning capital market, the expected rate of return to capital corresponds to the risk-adjusted market 
return. A useful way of approaching the rates of return in the private sector and market conditions is as the 
opportunity costs of holding durable goods rather than financial claims (Jorgenson and Yun 2001). The 
opportunity cost interpretation of rates of return or of user costs (see Box 3) can be brought to a more 
general level and can be applied in a market and in a non-market context. 
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123. When there is a functioning capital market, it follows that, ex-ante, or over longer periods, one 
should not expect a higher rate of return on fixed assets than from an alternative investment with 
comparable risk. The actual, ex-post, rate of return, on the other hand may vary between investments of 
similar risk, although such variations should not be systematic. This reasoning can be applied to individual 
types of assets and to industries. Different types of assets can carry different degrees of riskiness. For 
example, investment in an office building may be less risky than investment in research and development. 
In principle, this should be reflected in the ex-ante rate of return to each type of asset. However, assets are 
not only used in isolation but they are combined with other assets and other factors of production in 
economic units, such as establishments or enterprises. Units with similar activity form an industry and 
activities in different industries may differ in their riskiness, because different industries use different 
combinations of assets and because the economic environment in which different industries operate may 
not be identical. A financial investor who plans to buy shares in a company will do so if the risk-adjusted 
expected return from this investment is at least equal to investments of similar risk elsewhere on the 
market. But the investment, and therefore the rate of return concerns the business operation as a whole and 
therefore all assets equally. Ex-ante, therefore, the rate of return should be the same for different types of 
assets in the same economic unit or the same industry. 

124. From an ex-post perspective, there is no immediate reason to assume that all assets have 
produced the same risk-adjusted rate of return. In particular, an asset�s realised rate of return does not 
necessarily equal the firm�s overall profit rate. This point has been made by Triplett (1997) and Oulton 
(2007). 

125. We conclude that first, the ex-ante or expected return has to be differentiated from the ex-post or 
realised return. Second, the expected rates of return may vary between industries where such differences 
reflect the combination of assets used in the industry as well as purely industry-specific circumstances. Our 
third conclusion here is that in general, neither the expected nor the realised rate of return of a particular 
asset is directly observable. 

126. The choice of a suitable rate of return is also linked to the following national accounts question: 
should the estimate of the value of capital services explain gross operating surplus, the capital part of gross 
mixed income and relevant taxes on capital exactly? Or is the estimate of capital service independent so 
that there is another element of value-added not explained by remuneration of labour and capital? The 
issue was first raised by Diewert9 (1980) and then more extensively examined by Harper, Berndt and Wood 
(1989). The discussion takes us back to the distinction between ex-ante and ex-post measures: 

• Under an ex-post approach, realised rates of return are applied, and there are two avenues of 
implementation. By far the most frequent approach is the endogenous, ex-post approach: a period-
to-period internal rate of return is computed by imposing the condition that estimated capital 
services exactly correspond to gross operating surplus and the capital element of gross mixed 
income. Alternatively, an exogenous ex-post rate of return could be imputed from financial 
market information such as a rate on corporate debt. 

 
9. �Which r should be used?  If the firm is a net borrower, then r should be the marginal cost of borrowing an 

additional dollar for one period, while if the firm is a net lender, then r should be the one period interest rate it 
receives on its last loan.  In practice, r is taken to be either (a) an exogenous bond rate that may or may not apply 
to the firm under consideration, or (b) an internal rate of return.  I tend to use the first alternative, while Woodland 
and Jorgenson and his co-workers use the second.  As usual, neither alternative appears to be correct from a 
theoretical a priori point of view, so, again, reasonable analysts could differ on which r to use in order to construct 
a capital aggregate.�  Diewert (1980; 476-477). 
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�The difference between using the 
internal rate of return [�] and using 

an alternative interest rate has a 
parallel interpretation. It depends on 
whether one is interested in the cost 
of providing the capital service (use 

the alternative interest rate) or in 
calculating the rate of return from 

providing it (use the internal rate of 
return). It can also be thought of as 
an ex-ante or an ex-post calculation 

that is being performed.� 
Jack Triplett (2001) 

• With an ex-ante approach, the rate of return is chosen such as best to reflect economic agents� 
expectations about the required return from investment. It is unlikely that there is exact equality 
between the value of capital services and gross operating surplus plus the capital element of gross 
mixed income. 

8.3.1 Ex-ante and ex-post rates of return 

127. Having made the distinction between ex-ante and ex-post rates of return, is there any conceptual 
reason to prefer one over the other? Or should a mixed approach be put forward as suggested by Oulton 
(2007)? The endogenous, ex-post option is frequently used in empirical research. It assumes that gross 
operating surplus plus the capital component of mixed income exactly exhausts the costs of capital 
services. Given the value for costs of capital services, for the capital stock and depreciation, there is only 
one unknown variable, the internal rate of return and the equation can be solved to yield an endogenous 
measure of the rate of return.  

128. This procedure brings with it several advantages: from a theoretical perspective, it is consistent 
with a fully competitive economy and production processes under constant returns to scale. From a 
practical viewpoint, computation is straightforward, and results can be of analytical interest in themselves 
because they inform about the return from providing capital services. For example, it is interesting to 
compare internal rates of return between industries or between countries. Finally, the fact that the costs of 
capital services exactly exhaust gross operating surplus plus the capital component of mixed income and 
taxes on capital avoids interpreting any difference term between the value of capital services and gross 
operating surplus that may show up otherwise. At the same time, the choice of an endogenous, ex-post rate 
raises other questions. In particular, some assumptions are needed to justify the use of an endogenous, ex-
post rate: 

• The set of assets has to be complete in the sense that 
all assets are observed by the statistician who 
compiles the national accounts. The national 
accounts provide no indication as to exactly which 
factor of production is remunerated through gross 
operating surplus. Fixed assets are certainly among 
them but they are not necessarily the only ones. The 
business literature offers a wealth of discussions 
about the importance of intangible assets, and there 
are good reasons to argue that such assets account at 
least for part of gross operating surplus. If an 
endogenous rate is computed on the basis of those 
fixed assets that are measured in the accounts, but if 
there are other, unmeasured assets that provide 
capital services, the resulting rate may be liable to bias. On the other hand, it will hardly ever be 
possible to be truly exhaustive in the set of underlying assets, just as business accounts are not 
exhaustive in the scope of assets. Then, the endogenous rate can be interpreted as a rate 
conditional on a particular scope of assets with the understanding that the rate may change if the 
scope of asset changes. 

• An assumption of perfect foresight has to prevail so that the ex-post rate of return on each asset 
(implicitly observed by the national accountant as the firm�s profit rate) equals the ex-ante rate of 
return, otherwise it could not be assumed that the (risk-adjusted) ex-post rate is equalised across 
assets. 
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• When the value of capital services exactly equals operating surplus, and when the latter is 
negative, the implication is negative user costs for some assets. Even for positive gross operation 
surplus, the endogenous rate of return may turn out to be negative. While �[�] low or negative 
profits in any given year is part of the business cycle, and holding assets with an unexpected large 
jump in prices is entirely consistent with rational economic behaviour in the actual world�� 
(Jorgenson et al. 2005, p. 167), this still constitutes a problem when user cost weights are 
employed in the aggregation process of capital services. That having said, negative user costs may 
also occur under an ex-ante approach. A case in point are assets that undergo large appreciations 
such as land and this may require a special treatment whether an ex-ante or an ex-post approach is 
pursued (see Section 18.1). 

129. Despite these considerations, the ex-post, endogenous approach has stood the test of time, and 
has also been proposed as integral part of future developments in the United States national accounts 
(Jorgenson and Landefeld 2005). There is also a simplified version of the approach, suggested by Diewert, 
Mizobuchi and Nomura (2005) in the form of �balancing real rates�: real rates of return are computed 
endogenously but under the simplifying assumption that real holding gains or losses are zero for each type 
of asset (see Box 8 and the discussion around the simplified user cost approach around equation (3)). 
�Real� is to be understood as a nominal rate deflated by a general price index such as the consumer price 
index. Setting real asset price changes to zero reduces the occurrence of negative user costs that may arise 
when there are large increases in asset prices, for example for land. At the same time, trends in relative 
asset prices are part of the price of capital services and ignoring them may lead to a bias in the resulting 
prices. 

130. We now examine the ex-ante rate of return10. Its advantages are that in several respects the 
theoretical assumptions needed are less restrictive than for the ex-post method. Schreyer (2007) showed 
that ex-ante, exogenous rates can coexist with occurrences of non-observed assets, imperfect competition 
and non-constant returns to scale11. 

131. However, there are also several disadvantages to the ex-ante model. 

• First, and foremost, a choice has to be made as to exactly which rate should be chosen. When 
rates are allowed to vary between industries or sectors, the problem is compounded because in 
principle, a rate has to be chosen that reflects industry-specific risk.  Theory provides little 
guidance as to the specific choice of market rates. From a practical perspective, it may be 
difficult to identify ex-ante rates of return at all for certain countries when financial markets are 
under-developed or under strong regulatory constraints. 

 
10. There is thus no assumption of perfect foresight and this helps to deal with the question of expectations: the level 

of capital services is what the entrepreneur expects when making decisions about the use of assets in production. 
If the costs of capital services turn out to be less than gross operating surplus, the entrepreneur has made some 
pure profit or some of the gross operating surplus pertains to non-measured assets. Further, when there is an 
expected rate, it reflects the conditions (in particular the implicit rental prices) that producers are facing when 
deciding about production and investment.  

11. Another advantage of an ex-ante rate is that it may provide a means of splitting mixed income between income to 
labour and income to capital. In principle, if there are independent estimates for the cost of capital services of 
those institutional units whose income is mixed, it is possible to sort out the share of labour and capital 
remuneration. Such information could be compared against plausible estimates of the labour income of self-
employed. Obtaining the empirical information on capital stocks and capital services by institutional unit may be 
difficult but at least there is a possibility of advancing on the analysis of mixed income. 
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• Second, there may also be occurrences of economically meaningless negative user cost if the 
expected nominal return plus depreciation is lower than the expected nominal asset inflation rate. 
If such expectations materialised, there would be a question of why the asset owner would 
continue to hold onto it since there would be no economical rationale for doing so12. 

• Third, if there are systematic differences between the ex-ante and the ex-post rates for particular 
industries or for the economy as a whole, this requires explanation. While this may be an 
interesting terrain for analysis, it complicates life for the statistician who needs to communicate 
on these differences which is not always straight forward. 

132.  Oulton (2007) suggests a hybrid approach where first an ex-post, endogenous rate is computed 
and then the ex-ante rate is chosen as the trend of the ex-post rate of return. This proposal has the 
advantage that it avoids the problem of selecting an extraneous rate of return while preserving the ex-ante 
nature of the calculation. 

133. Eventually, the question of ex-ante versus ex-post rates is only as important as their empirical 
effects. On this matter, evidence is mixed. Oulton (2007) reports that effects on industry-level growth rates 
of capital services are small on average, although in the case of some important industries such as finance 
and business services the difference is substantial. Harper, Berndt and Wood (1989) find that the choice of 
approaches does make a difference empirically although none of their methods is truly an ex-ante method 
in the sense that it would combine expected rates of return with expected asset price inflation. Biatour, 
Bryon and Kegels (2007) examine the effects of methodological choices for Belgium data and while they 
find effects of ex-ante versus ex-post parameters on measures volume growth of capital services, these 
effects are comparatively contained and more important in the short term than over longer periods.  
Schreyer (2007) computes total economy capital services measures for several countries at the aggregate 
level using both methods and finds marked differences in results. However, his economy-wide results are 
likely to be biased for the endogenous method because of the convention of zero net operating surplus for 
non-market producers (see also next paragraph). Finally, sensitivity test with the artificial dataset presented 
in the Annex to this Manual, also show relatively modest impact of the ex-post/ex-ante choice on average 
capital services growth rates. Thus, although the evidence is not fully conclusive, it would appear that the 
issue should not be overstated with regards to its effects in practice. 

134. Data constraints will also influence the choice between methods. The endogenous approach 
requires that, at a minimum, a breakdown of production into market and non-market sectors is available 
and that the scope of assets included in the calculation is relatively complete. If one of these conditions is 
not fulfilled, the resulting endogenous rate of return is likely to be biased. For example, if the assets that 
enter the computation of capital services exclude land, non-labour income is divided by an incomplete 
stock of assets, which may lead to an upward bias of the endogenous rate of return. Or, if market producers 
cannot be distinguished from non-market producers, non-labour income will be underestimated (because 
the national accounts do not allow for a return on government-owned assets) and the resulting rate of return 
may be upward biased. In these cases, an exogenous (ex-ante) rate may be preferable to an endogenous 
computation. Because more hinges on data quality, the careful construction of the design of measurement 
and data examination is key to applying an endogenous approach. 

 
12  Negative ex-ante user costs could also be an indication for misspecification of ex-ante variables. As explained by 

Harper, Berndt and Wood (1989) negative rental prices tend to occur when ex-ante exogenous rates of return are 
combined with ex-post rates of asset price change in the same user cost expression. 
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8.3.2 Rates of return for non-market producers  

135. The discussion so far has implicitly dealt with the market sector because there was a presumption 
of a measure of operating surplus which would form the basis for the computation of a rate of return. There 
is no net operating surplus for non-market producers, however. Their value of output is based on the costs 
of inputs, and the System of National Accounts uses the convention that the cost of capital is measured by 
the consumption of fixed capital alone. No imputation is made for net operating surplus, i.e., for financing 
or opportunity costs of capital and for expected holding gains or losses. By implication, it is not possible to 
identify the price and volumes of capital services for assets used by non-market producers in production. 

136. Many reasons for this convention are of a practical nature. Identifying an interest rate to be 
applied to measure net operating surplus for non-market producers is difficult in practice. It also implies an 
additional imputation in the national accounts and statistical agencies are � rightly � reluctant to multiply 
imputations in measurement because they bear an element of subjectivity. It has also been argued that 
different statistical agencies would deal in different ways with such an imputation, leading to reduced 
international comparability of national accounts data. Unlike the measurement of capital services for 
market producers which essentially involves a split of capital income into a price and volume index of 
capital services but without any effect on main aggregates, the imputation of capital costs for non-market 
producers has immediate implications for the level and growth rate of measured GDP. This makes such an 
imputation all the more delicate and requires specifically robust and transparent methods that may not be at 
hand to date. 

137. A more conceptual reason has also been put forward: non-market producers such as general 
government are by their very nature economic units that operate not-for-profit. Imputation of a �rate of 
return� or net operating surplus would be counter to the nature of a not-for-profit operation and hence, a 
zero rate of return and zero net operating surplus are appropriate. 

138. Others have, however, argued that there should be a positive return for assets non-market 
producers13. One argument is that government units do use net return measures when deciding upon public 
investment. Another argument is that for non-market producers, the issue is not so much about a net return 
to investment in the sense of entrepreneurial profits from capital investment but about an accounting for  
cost that is as comprehensive as possible. Financing costs for investment exist undoubtedly for non-market 
producers who take out loans or issue bonds for that purpose. These financing costs are part of the user 

 
13  For example, in a review of the government sector of the U.S. national accounts by the U.S. National Research 

Council, Slater and David (1998) argue that: �The assumption of zero net return is implausible. If net return were 
really zero, it would imply substantial overinvestment in public capital. In fact, however, serious shortages of 
many types of public infrastructure, ranging from schools to transportation systems, are widely perceived to exist. 
If this perception is correct, it follows that the net return to many existing public investments and to properly 
directed additions to that capital stock is a positive return. Some recent studies suggest that the return is, in fact, 
quite high (for a review and an extensive bibliography, see Gramlich, 1994). The lack of a net return measure in 
the national accounts is not due to a belief that the net return is actually zero, but to the difficulties of estimating 
the return. Returns to private investment can be measured by the costs of obtaining capital to finance this 
investment. Expressed another way, market prices for business output must (in equilibrium) cover the costs of 
interest on funds borrowed to finance investment plus a return to business owners equal to what could be obtained 
on alternative uses of their capital. Since most government output is not sold at market prices, equivalent measures 
of the net return to government investment are not directly available. However, a substantial body of research on 
alternative ways to measure the return on public investment is available (Gramlich, 1994). Several possible 
measures of net return have been suggested, including: the discount rate established by OMB for evaluating costs 
and benefits of proposed federal capital projects; the municipal bond rate; the rate of return on comparable private 
business activities; and the development of valuation measures of public output independent of the costs of inputs, 
thus permitting application of techniques used to compute private rates of return.� 
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Should there be recognition of the 
financing costs in the user costs for  

government-held assets? Many 
economic arguments would suggest so. 
However, choosing the appropriate rate 
of return is difficult and requires simple 

and robust measures to maintain the 
usefulness and the comparability of 

national accounts. 

costs of capital. When no direct financing costs arise, because investment is paid directly out of tax 
revenues, there are opportunity costs (see Box). 

Box 3. Opportunity costs � a basic notion in economics 

�The concept of opportunity cost expresses the basic relationship between scarcity and choice. If no object or activity that 
is valued by anyone is scarce, all demands for all persons and in all periods can be satisfied. There is no need to choose among 
separately valued options [�] In this fantasised setting without scarcity, there are no opportunities or alternatives that are 
missed, foregone or sacrificed. Once scarcity is introduced, all demands cannot be met. [�] Scarcity introduces the necessity of 
choice [�] Choice implies rejected as well as selected alternatives. Opportunity cost is the evaluation placed on the most highly 
valued of the rejected alternatives or opportunities. It is that value that is given up or sacrificed in order to secure the higher 
value that selection of the chosen object embodies.� (James M. Buchanan, 1998, p 719). 

Approaching user costs of capital from a perspective of opportunity costs, implies therefore looking for the highest valued 
alternative that the funds tied up in fixed assets could generate. In a functioning market, theory suggests that the price 
mechanism equates marginal opportunity costs. Thus, there would always be a financial security with the same risk as the 
investment in a fixed asset. This provides the rationale for turning to expected rates of return on financial markets as a way of 
estimating the ex-ante return on fixed assets. Empirically, the problem consists in identifying financial assets with the same risk 
as the investment in the fixed asset.  

There is a vast literature on how to measure the opportunity costs of investment in a non-market context (see Drèze and 
Stern 1987 for an overview). Measuring the opportunity costs of investment requires identifying the maximum value sacrificed 
for the investment at hand. Such an alternative use could be in terms of consumption or in terms of private investment in which 
case the households� discount rate or the market sector�s rate of return would be the appropriate rates of discount for public 
investment. Several authors have therefore suggested using a weighted average of the market and the household rate of return. 

The interpretation of user costs from an opportunity cost perspective makes it particularly difficult to accept a zero rate of 
return on government assets. The implication is that the funds used by government have no alternative use. Also, a zero 
discount rate means that no difference is made between benefits from investment projects that arise in the near future and those 
that arise in distant future. This can lead to implausible results. Alternatively, if opportunity costs are positive but government 
used a zero discount rate to evaluate investment, there would be substantial over-investment in public capital. 

139. Another argument in favour of attributing costs of financing to government capital is in terms of 
symmetric treatment of private and public assets. The imputation of a zero net rate for government assets 
and the existence of a positive rate for privately owned assets imply that as soon as assets change owners 
and move, for example, from the non-market to the market sector, they generate a higher return and more 
income. Put differently, the level and growth rate of GDP becomes dependent on the institutional 
arrangements between public and private sector. This is all the more relevant as the increasing number of 
new arrangements such as public private partnerships, outsourcing of government activities and so forth 
have significantly blurred the borderline between market and non-market production. 

140. Note also that any effort towards developing output-based measures of government production 
(Atkinson 2005) has to be accompanied by as complete measures for government inputs as possible. 
Otherwise, productivity measures for government � one of the main reasons for which output-based 
measures of production are developed in the first place � would be biased because of the insufficient 
weight attributed to capital input. 

141. At the same time, there is the practical issue of which 
rate of return to choose for government producers and there are 
indeed many possibilities. Starting with a look at what 
economic theory has to propose on this matter, the reference 
point would appear to be the extensive literature on cost-benefit 
analysis for projects undertaken by government. The choice of 
the appropriate discount rate in such studies is crucial for their 
results and has been studied extensively. We shall refer to 
Drèze and Stern (1987) for a survey of the theory of cost-
benefit analyses, including a survey of the approaches towards discount rates. At the core of cost-benefit 
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studies is the notion of opportunity costs which has also been used in this Manual to characterise the nature 
of user costs for economic agents in general. It is thus only consistent that the concept of opportunity costs 
also applies to the public sector. In so doing, the question has to be answered whether public investment 
displaces private investment or private consumption or both. If corporate investment is displaced then the 
rate(s) of return for the market sector (see above) constitute(s) the opportunity cost to public investment; if 
private consumption is displaced then the households� rate of return constitutes the opportunity cost to 
public investment. In some cases, both corporate investment and household consumption will be reduced 
due to public investment � directly or via taxation - and the rate of return for non-market investment would 
thus have to be approximated by an average of the rate of return in the market sector and the rate of return 
in the household sector. This is, for example, Sandmo and Drèze�s (1971) suggestion (averaging interest 
rates for consumers and producers) to measure the discount rate in cost-benefit analyses. For a similar 
approach, see also Baumol (1986), and Jorgenson and Landefeld (2006) who set the rate of return for the 
non-market sector as a weighted average of the rate of return in the corporate sector and the household 
sector (although their approach rests on an ex-post calculation). 

142. A practical problem associated with the above approach is that it may be inapplicable when basic 
data are sparse or of poor quality. A solution that is broadly in line with the theoretical considerations 
about opportunity costs, and which is simple and potentially applicable for a large number of countries is 
to apply a discount rate for households in the form of a social time preference rate. This approach draws 
on the large literature for cost-benefit assessment of government projects and their discount rates and has 
been applied in both developed and developing countries. The social time preference rate (see for example 
Marglin 1963 or Kula 1984) reflects the value that society attaches to present, as opposed to future 
consumption. It has the merit of relatively straightforward calculation and demonstrated empirical 
applicability in OECD and in non-OECD countries. Further discussion on measuring the social rate of time 
preference is provided in Section 16.3.2. 

143. Empirical uncertainties remain, however and we conclude the conceptual considerations on the 
rates of return for government with a statement by Moulton (2004): 

�In summary, this proposal [to impute rates of return to government-held assets] carries both 
potential risks and benefits. As with any imputation, adding an imputed rate of return carries the 
risk of making the accounts less useful as an indicator of cyclical activity. A programme to create 
an expanded production account for the government sector as described above, including 
measures of multifactor productivity, would necessitate the estimation of a net return. As part of 
such a programme, developing improved measures of changes in volume of government output 
should also be considered a priority along with improved imputation of the services of 
government capital inputs. The statistical agencies of several countries have recently undertaken 
interesting work on volume measures of government output, but much remains to be done in this 
area.� (Moulton, p. 169). 

8.3.3 Rates of return for the household sector 

144. The household sector, another non-market producer, enters the considerations here because it is 
responsible for an important type of non-market production: house owners provide dwelling services to 
themselves. In their capacity as producers of dwelling services, households use assets (structures and land) 
which constitute an important part of inputs into this process. The household sector is also a user of 
consumer durables and some researchers (e.g., Jorgenson 1995) have systematically included those as part 
of investment and as sources of capital services. In the present Manual, however, we stick to the 
convention of the System of National Accounts and treat consumer durables as final consumption goods 
while noting that there is no economic reason to do so. 
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145. The production of housing services for their own final consumption by owner-occupiers, on the 
other hand, has long been included within the production boundary in national accounts. The value of 
owner-occupied housing is determined in one of two ways: either as a rental equivalent, i.e. �at the 
estimated rental that a tenant would pay for the same accommodation, taking into account factors such as 
location, neighbourhood amenities, etc. as well as the size and quality of the dwelling itself� (1993 System 
of National Accounts, paragraph 6.89). Or, as an alternative, a user cost approach is implemented where 
capital services and maintenance expenditure are estimated to provide a value for the housing services 
provided by the household sector. This is described in greater detail in Section 18.1.2. 

146. The user cost approach explicitly requires the choice of a rate of return. In practical applications, 
this is taken as a long-run real rate, very much along the lines of the ex-ante approach outlined for the 
market sector. For example, Eurostat (2001) suggests a 2.5 percent real rate in the estimation of user costs 
for owner-occupied housing in the then candidate countries to the European Union. One can think of more 
sophisticated, country-specific approaches in selecting the household rate of return but when the rental 
market is not representative for the market of housing services as a whole as has been the case in many 
European candidate countries, the user cost approach is the only feasible approach towards measuring 
owner-occupied housing. The same situation holds for many developing and emerging economies. The real 
rate of return used in these calculations constitutes the household rate of return which in turn can serve as 
an element in determining the rate of return for government assets. A reasonable measure of the household 
real rate of return is the social time preference rate described in the section above and discussed at greater 
detail in Part II of this Manual. 

147. The rental equivalent approach towards owner-occupied housing implies a certain rate of return, 
which can be computed by equating the average value of rentals to a user cost expression, and controlling 
for depreciation and real holding gains14. In practice, this is more difficult because independent calculations 
of rental equivalents and user costs have shown very different patterns. Again, we refer to the discussion in 
Section 18.1.2. But at this point, two useful conclusions arise from this short discussion of owner-occupied 
housing. Primo, when measures of owner-occupied housing are based on a user cost approach, it is 
consistent to use the underlying rate of return for households also as an element for the estimate of the rate 
of return for government. Segundo, the approach towards owner-occupied housing in the national accounts 
is an opportunity cost approach and hence consistent with the more general opportunity cost approach 
towards the user costs of capital adopted in this Manual.  

 
14. This is perfectly symmetric to the endogenous approach towards computing the rate of return to the market sector 

where gross operating surplus is used to compute a rate of return. 
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PART II:  MEASURING CAPITAL STOCKS AND CAPITAL SERVICES � 
IMPLEMENTATION 

9 SCOPE OF CAPITAL MEASUREMENT AND CLASSIFICATIONS 

9.1 Scope 

148. Most but not all of the stock and flow measures considered in this Manual relate to �produced�, 
non-financial objects (fixed assets and inventories) that are included in gross capital formation as defined 
in the national accounts. Produced non-financial assets come into being via the production process or as 
imports. Table 12 gives the full listing of non-financial assets recognised in that system. For a treatment of 
other natural resources such as subsoil assets, the reader is referred to the Handbook on Integrated 
Environmental and Economic Accounting (United Nations et al. 2003). Note that two items related to non-
produced assets are part of the produced assets. These are major improvements to land and costs of 
ownership transfer on non-produced assets. 

149. All assets in the classification are relevant for balance sheets of the economy and should, to the 
extent possible, be recognised there. When it comes to measuring capital services, the situation is less 
clear. There is agreement that all fixed assets should be considered sources of capital services. The 
discussion about inventories is less clear-cut although in the end, their inclusion was decided in the context 
of the revision of the 1993 SNA. There is also general agreement that land constitutes a source of capital 
services and should thus be recognised in the measures of capital services. The main difficulty with land as 
a source of capital services lies in the implementation of capital services measures in the presence of land 
markets with price bubbles which may produce results that are hard to interpret such as negative user costs 
of capital (see Section 17). If land is recognised as a source of capital services, there is no strong 
conceptual reason to exclude other natural resources or non-produced intellectual assets from the scope of 
capital services measures. However, measurement problems are even more severe for these assets than for 
land and consequently, due to practical considerations, they are typically excluded from capital services 
measures. 

150. According to national accounts conventions consumer durables are not treated as assets: 

��consumer durables are not treated as fixed assets. The services these durables produce are 
household services outside the production boundary of the System. If, for example, a washing 
machine were to be treated as a fixed asset, the production boundary would have to be extended 
to include all laundry services, whether undertaken by machine or by hand. As it stands, the 
production boundary restricts laundry services to those services provided to other units but 
includes services provided by both machine and by hand. However, owner-occupied dwellings 
are not treated as consumer durables but are included within the asset boundary. The owner-
occupiers are treated as owners of unincorporated enterprises producing housing services for 
their own consumption� (Revised SNA, paragraph 10.31). 

151. Consumer durable are thus not specifically dealt with in this Manual, although it is well 
understood that their treatment as capital goods may be analytically useful as long as corresponding 
adjustments are made to production measures as well.  
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152. Economic analysts and policy makers have also been interested in measuring what is generally 
called �intangible� assets (see for example, Corrado, Hulten and Sichel 2005). These include R&D and 
other assets in relation to innovation, human capital, advertising and organisational assets. While 
interesting from an analytical viewpoint, they are a long way off recognition as assets in the national 
accounts, given the many measurement issues and given some conceptual issues associated with them, one 
exception being R&D which is now considered as an intellectual property asset. 

9.2 Classifications  

153. This chapter deals with the classifications used for publishing capital stock statistics. Three 
classifications contained in the SNA are relevant � the Classification of Assets, the Classification of 
Institutional Sectors, and the International Standard Classification of All Economic Activities. These are 
used in different combinations for the gross and net capital stocks and the two flow measures covered in 
this Manual - depreciation and the volume index of capital services. 

154. The net capital stock, capital services and depreciation appear as entries in the SNA and this 
determines the classifications to be used. Both are to be classified by the institutional sector that owns the 
assets. This is the appropriate classification for the net capital stock, which is needed for the Balance 
Sheets of the system and for depreciation, which appears in the Production Account, in the Distribution 
and Use of Income Accounts and in the Accumulation Accounts. 

155. The classification of non-financial produced assets, as given in the SNA, is designed to 
distinguish among assets on the basis of their role in production. The single most important difference to 
the treatment of assets in other classifications such as the Central Product Classification is the treatment of 
costs of ownership transfer. As spelled out in more detail in Chapter 14, according to the national accounts, 
costs of ownership transfer are allocated to the asset that is subject to ownership transfer whereas such 
costs are treated separately under product classifications. 

156. Capital stock statistics also serve a number of analytic uses, such as calculating capital-output 
ratios or rates of return on capital and studying capital and multifactor productivity. For these purposes, it 
is usually preferable to classify assets according to the kind of activity of the owner and by type of asset. 
This involves a cross-classification by the ISIC and by the Classification of Assets. 

Table 12.  Revised classification of non-financial assets 

Produced assets Fixed assets Dwellings   

  Other buildings and 
structures 

Non-residential 
buildings  

   Other structures  

   Land improvements  

  Machinery and 
equipment Transport equipment  

   ICT equipment  

   Other machinery and 
equipment  

  Weapons systems   

  Cultivated assets Livestock for breeding, 
dairy, draught etc  
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Vineyards, orchards and 
other plantations of 
trees yielding repeat 
products 

 

  
Costs of ownership 
transfer on non-
produced assets 

  

  Intellectual property 
products 

Research and 
development  

   Mineral exploration and 
evaluation  

   Computer software and 
databases Computer software 

    Databases 

   Entertainment, literary 
or artistic originals  

   Other intellectual 
property products  

 Inventories Materials and supplies   

  Work in progress Work in progress on 
cultivated assets  

   Other work in progress  

  Finished goods   

  Military inventories   

  Goods for resale   

 Valuables Precious metals and 
stones   

  Antiques and other art 
objects   

  Other valuables   

Non-produced assets Natural resources Natural land 

Natural land under 
buildings and structures 
and associated surface 
water 

 

   
Natural land under 
cultivation and 
associated surface water 

 

   
Natural recreational 
land and associated 
surface water 

 

   Other natural land and 
associated surface water  

  Subsoil assets Coal, oil and mineral 
gas reserves  
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For many analytical purposes, 
investment data that is cross-

classified by asset and industry or 
institutional sector constitutes key 

information. Similarly, sectoral 
balance sheets should provide the 

necessary asset breakdown for 
comparison between sectors and 

over time. 

 

   Metallic mineral 
reserves  

   Non-metallic mineral 
reserves  

  Non-cultivated 
biological resources Natural forests  

   Other crop and plant 
resources  

   Wild stocks of fish and 
aquatic mammals 

In national waters 
including EEZ 

    Outside EEZ 

  Water resources Aquifers  

   
Other 
 

 

  Other natural resources Radio spectra  

   Other  

 Contracts, leases and 
licences 

Third party property 
rights 

Marketable operating 
leases  

   Permissions to use 
natural resources  

  
Entitlement to future 
goods and services on 
an exclusive basis 

Of nominated legal 
persons  

   Of future production  

 Goodwill and marketing 
assets    

9.2.1 Classification by type of asset  

157. The part of the national accounts Classification of Assets covering non-financial assets is given in 
Table 12 above. Most countries that now compile capital stock statistics use an asset breakdown for 
publication purposes that is less detailed than this and the standard questionnaire that is used by the 
international organisations to collect annual statistics according to the SNA requires an even less extensive 
breakdown. In contrast, the United States Bureau of Economic Analysis (BEA) publishes capital stock 
statistics broken down into over 80 asset types.  

158. The accuracy of capital stock statistics is determined to an important extent by the accuracy of 
the price indices used to revalue assets.  In general, the greater the level of investment detail for which 
separate deflators and depreciation rates are available, the more reliable will be the estimates of stocks and 
consumption of fixed capital; this is one of the reasons why 
BEA uses a very detailed asset classification. With the same 
consideration in mind, Eurostat (2001) suggests a minimum 
level of detail appropriate for the deflation of gross fixed 
capital formation in its handbook on price and volume 
measures in national accounts; each class of assets in this 
classification is thought to be relatively homogeneous as 
regards price movements. Note that communications 
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equipment and computers are separately distinguished because the behaviour of prices for these goods is so 
different from that of other assets. Note also that this classification still follows the 1993 SNA 
classification of assets before revision and is therefore not an exact subset of the revised classification 
shown in the table above. 

9.2.2 Classification by institutional sector 

159. The SNA identifies five institutional sectors: non-financial corporations, financial corporations, 
general government, households and non-profit institutions serving households. These five sectors are 
further broken down to give a total of 36 sub-sectors at the most detailed level. 

160. The level of detail to be used for classifying the net capital stock and consumption of fixed 
capital depends on the degree of sector detail that is used in the balance sheets (for net stock) and in the 
non-financial accounts (for depreciation). The few countries that compile balance sheets at the present time 
mostly classify stocks according to the five institutional sectors, but with some breakdown of general 
government by level - central, local, social security funds, for example. A similar breakdown is used by 
most countries for the non-financial accounts; although the financial corporations sector is sometimes 
broken down to distinguish between depository institutions and other financial institutions. 

161. The annual national accounts questionnaire used by the international organisations to collect 
national accounts statistics calls for the non-financial accounts to be sub-sectored as follows and this 
determines the institutional sector detail for classifying consumption of fixed capital: non-financial 
corporations, financial corporations, central government, state government, local government, social 
security funds, households and non-profit institutions serving households. 

162. In practice many countries cannot distinguish non-profit institutions serving households 
separately from the household sector. Some countries will also find the breakdown of government too 
ambitious and will only be able to provide estimates for general government as a whole. 

9.2.3 Classification by kind of activity  

163. For most kinds of analytic studies, capital stocks and flows will need to be classified by kind of 
activity. As a general rule, the more detailed the activity breakdown, the more useful will the statistics be 
for such purposes. However, practical considerations limit the amount of detail that can be shown. For 
example, if the PIM is used, the kind of activity breakdown cannot be more detailed than the kind of 
activity classification used for collecting statistics on gross fixed capital formation. If the latter is very 
detailed, transfers of used assets between producers in different kinds of activities will affect reliability and 
reduce the amount of detail that can reasonably be shown. 

164. The annual national accounts questionnaire calls for capital stock statistics to be broken down by 
17 kinds of activities. These are the 17 tabulation categories of the ISIC (revision 3). It would be possible 
to make this list more useful by distinguishing the principal activities within manufacturing (which is a 
single tabulation category) and by grouping some of the categories covering service activities. A 
classification that may be useful for countries starting capital stock statistics is given in Table 13 



 STD/CSTAT/WPNA(2007)2 

 55

Table 13. Suggested activity classification for capital stock statistics 

ISIC  Description 
Tabulation   
Categories  
A + B  Agriculture, hunting, forestry and fishing  
C  Mining and quarrying  
D  Manufacturing (with 4 or 5 important activities separately identified).  
E  Electricity, gas and water supply  
F  Construction  
G + H  Wholesale and retail trade, repair of vehicles and household goods, hotels and  
 Restaurants  
I  Transport, storage and communications 
J + K  Financial intermediation, real estate, renting and business activities  
L  Public administration, defence and social security  
M, N + O  Education, health and social work, other community, social and personal service activities 

10 THE PERPETUAL INVENTORY METHOD - OVERVIEW 

165. The perpetual inventory method (PIM) is the most widely used approach towards measuring 
stocks and flows of fixed assets. It rests on the simple idea that stocks constitute cumulated flows of 
investment, corrected for retirement and decay. The basic sequence of implementation is shown in the 
figure below. 

• Two entry points exist to the computation process: by defining the age-efficiency profile for each 
type of asset (starting point A) or by defining the age-price/depreciation profile for each type of 
asset (starting point B). The next step is to define a retirement profile with its parameters, among 
them the average and the maximum service life. 

• The retirement profile is combined with the age-efficiency profile (path A) or with the age-price 
profile (path B) to yield an age-efficiency/retirement profile for a cohort or an age-
price/retirement profile for a cohort. In the case of geometric depreciation, the two profiles 
coincide and the implementation process starts only here. 

• Given the age-efficiency/retirement profile for a cohort, and given a rate of return, the age-price 
/retirement profile for a cohort can be derived and vice versa. 

• The next step is to apply these profiles to time series of investment. The age-efficiency profile 
applied to investment series yields a measure of the productive capital stock. The age-price profile 
applied to investment series yields a measure of the net or wealth stock. The depreciation profile 
is just another way of presenting the age-price profile. Applied to the investment series, the 
depreciation profile yields a measure of the value of depreciation for a particular type of asset. 

• The rate of depreciation for a new asset (taken from the depreciation profile), the real rate of 
return and the real rate of holding gains or losses form the basic data points to compute the user 
cost for a new asset. 

• Multiplying the user cost for a new asset by the productive capital stock (also expressed in 
efficiency units of a new asset), one obtains a measure for the total value of capital services for a 
particular type of asset. 
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• The volume change in capital services is obtained by constructing a weighted average of the 
changes in the productive capital stock by type of asset. Each asset�s share in total user costs 
constitutes the weights in this index. 

• On the wealth side of the calculations, the net stocks at the beginning and at the end of the period 
can be compared. Changes in the wealth stock consist of additions through investment, minus 
depreciation plus holding gains minus holding losses plus other net changes in volumes of the 
asset. 

Age-efficiency profiles (single asset) 
Chapter 11 

Age-price and depreciation
profiles (single asset) 

Chapter 12 

Service lives and 
retirement profiles 

Sections 13.1 and 13.2 

Age-efficiency/ retirement profile for 
cohorts 

Section 13.3 

Age-price/ retirement profile for 
cohorts 

Section 13.3 

Productive stock for single type of asset Net/wealth stock for single type 
of asset 

Real rate of return

Rate of depreciation

Rate of real holding 
gains/losses 

User costs for single type of asset 

User cost weights 

Volume index of capital services 

= Net/wealth stock for single 
type of asset one period later 

+ Investment 
+ Holding gains/losses 
+ Other changes in asset volumes

-Value of depreciation

Net/wealth stock for all assets 
(one period later) 

A B 

Time series of 
investment 

The links: 
Sections 11.1 and 

12.3 
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11 AGE-EFFICIENCY PROFILES 

166. The age-efficiency profile of a single asset describes the time pattern of productive efficiency of 
the asset as it ages.  The specific form of the age-efficiency profile is an empirical issue although solid 
empirical evidence is scarce and often replaced by plausible assumptions. The age-efficiency function of a 
single asset should reflect losses in efficiency due to wear and tear. The age-efficiency function ends with 
the retirement age of the asset. If obsolescence affects an asset�s economic service life � for example, 
because secular rises in energy prices or real wage increases make it unprofitable to use an asset after a 
certain number of years � this may affect the maximum service life, a parameter of the age-efficiency 
function. Unexpected obsolescence could imply the sudden retirement of an asset, which amounts to an 
unchanged age-efficiency function up to the point of retirement and a drop to zero at this point. 

167. The age-efficiency function for a single asset (of a particular type) can be represented by gn 
where n is an index for age that runs from zero (a new asset) to T, the retirement age of the asset. The age-
efficiency parameter is always a non-negative measure between unity and zero. Because the efficiency of a 
new asset has been set to equal one, every gn represents the relative efficiency of an asset of age n 
compared to a new asset. In principle, the age-efficiency function can take various shapes but for practical 
purposes, three functional forms merit mentioning: hyperbolic, linear and geometric. 

168. Hyperbolic age-efficiency profiles have, for example, been used by the U.S. Bureau of Labor 
Statistics (1983), the Australian Bureau of Statistics (ABS 2000), Mas et al. (2006) and the OECD 
(Schreyer et al. 2003). Hyperbolic decline takes the form: 

(4)  
nbT

nT)hyperbolic(gn ⋅−
−

=  

where b≤1 is a parameter that shapes the form of the function. Typically15, the hyperbolic profile 
shows a form where assets lose little of their productive capacity during the early stages of their service 
lives but experience rapid loss of productive capacity towards the final stage of their service lives. 

�The efficiency reduction parameter b is set to 0.5 for machinery and equipment and 0.75 for 
structures � the same parameter values as used by the BLS. The higher value for other buildings 
and structures redistributes efficiency decline to occur later in the asset�s life, relative to 
machinery and equipment, the efficiency decline of which is distributed more evenly throughout 
the asset�s life. For computer software, b is set to 0.5. For livestock, b is also set to 0.5.  Clearly, 
a more accurate age-efficiency function and age-price function could be assumed by recognising 
that livestock are immature for a number of years before they begin service as mature animals. 
However such improvements compromise model simplicity and the improvements from doing so 
would be quite small. For mineral exploration, b is set to 1, implying that there is no efficiency 
decline in exploration knowledge. The opposite is the case for artistic originals, where be is set to 
0, implying straight-line efficiency decline.� (ABS 2000). 

169. For completeness, and because it has been used in the numerical example in Chapter 3.2, we also 
present a linear age-efficiency profile, gn(linear): 

(5) gn(linear)=1 � n/T. 

 
15. It should be noted that the hyperbolic function does not necessarily yield age-efficiency profiles that are concave 

to the origin. Harper (1982) gives examples of hyperbolic functions that are convex to the origin. 
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170. Here, productive efficiency declines by a constant absolute amount every period. The linear 
function is simple in presentation but not necessarily the most plausible form of efficiency loss of an asset. 
An important point to retain is also that a linear age-efficiency profile is not normally compatible with a 
linear age-price profile. How age-price and age-efficiency profiles are connected has already been shown 
in Chapter 3.2 and will be explained more systematically below. But the implication is that the widely-used 
linear age-price profile and the associated linear depreciation pattern do not follow from a linear age-
efficiency profile. 

171. The age-efficiency function above has been formulated for a single asset. When an entire cohort 
is concerned, account must be taken of the fact that not all assets of the same cohort will retire at the same 
time � there is a retirement distribution around an average service life. Section 13.3 describes how a 
retirement distribution is combined with an age-efficiency or an age-price profile to yield an age-efficiency 
or an age-price profile for an entire cohort. This step is unnecessary when geometric profiles are employed. 
They combine age-efficiency and retirement functions directly. Furthermore, geometric age-efficiency and 
age-price profiles coincide so there is no need for a lengthy derivation of one from the other. 

172. The geometric age-efficiency profile constitutes the most frequently used profile in empirical 
applications. It postulates that efficiency for a cohort declines at a constant rate δ. The concept goes at least 
back to Matheson (1910) although he applied it in the context of depreciation, i.e., to describe losses in 
value rather than efficiency (see below). Geometric efficiency profiles have been used widely by Jorgenson 
(1995) and many other researchers. 

(6) gn(geometric)=(1-δ)n. 

173. Because δ is also the rate of geometric depreciation, empirical estimates of rates of depreciation 
provide also the parameters for the age-efficiency function (see Chapter 12 for empirical methods of 
determining depreciation parameters). 

11.1 Deriving age-efficiency profiles from depreciation profiles 

174. When there is information about the age-price or depreciation profile, the age-efficiency profile 
can be derived. Age-price and age-efficiency profiles are related and a simple numerical example of how 
age-price profiles can be derived from age-efficiency profiles was given in Chapter 3.2. The conceptual 
link between the two profiles is the asset market equilibrium condition � the price of an asset equals the 
discounted value of its expected future rentals � because an important factor that shapes future rental prices 
is the age-related efficiency with which an asset will contribute to production. This age-efficiency pattern 
is mirrored by the relative user costs for assets of different age: fn/f0=gn where fn/f0 is the user cost of an n-
year old asset relative to a new asset and where gn is the age-efficiency profile. The main result, ignoring 
expected real holding gains, is 

(7) 
( )
( )0δ+

δ+
ψ= *

n
*

nn r
r
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175. Given an age-price profile {ψn} for a cohort, as well as the associated depreciation rates,  {δn}, 
and given a real rate of return r*, a consistent age-efficiency profile gn can be computed. It should be noted 
that the link between the age-efficiency and the age-price profile is established at the level of the entire 
cohort, i.e., starting with a combined age-efficiency/retirement function that combines information about 
the retirement distribution and about the age-efficiency profile for a single asset (see Section 13.3). 
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12 AGE-PRICE AND DEPRECIATION PROFILES 

176. In this document, depreciation has been defined as the loss in value of an asset due to physical 
deterioration (wear and tear), and due to normal obsolescence. Depreciation is a value concept, to be 
distinguished from quantity concepts such as the age-efficiency function that capture losses in an asset�s 
productive efficiency. There are several ways of determining depreciation parameters. They include: 

• Start from empirical information about assets� service lives, and make an additional assumption 
about the functional form of the depreciation pattern. The various approaches towards assessing 
service lives empirically are described in Section 13.1; 

• Use information on depreciation implicit in used asset prices and exploit it econometrically; 

• Derive age-price and depreciation patterns from age-efficiency profiles; 

• Use a production function approach and estimate depreciation rates econometrically. 

177. The first two methods are by far the most common ones and will be described in some detail 
below. The production function approach will be described very succinctly.  

12.1 Functional forms of the depreciation pattern 

178. Straight line model of depreciation. A common model of depreciation is the straight line 
model. Given a service life for the durable, the age-price profile of the asset follows a pattern of linear 
decline: 

(8)  Pn/P0 = 1-n/T;  n = 0, 1,�T. 

179. The value loss of the asset between two consecutive vintages is a constant amount (1/T) of the 
initial asset value: Pn-Pn+1=1/T. The age-price profile translates directly into a sequence of depreciation 
rates, {δn}, defined as the percentage loss in asset value due to ageing or δn = 1-Pn+1/Pn such that δn=1/(T-
n). 

180. The age-price profile (8) has been defined for a single asset. For practical applications, allowance 
has to be made for a retirement distribution. The transformation of the age-price profile for a single asset to 
the combined age-price/retirement profile for an entire cohort is described in Section 13.3. 

181. Geometric or declining balance model of depreciation. Another common model is geometric 
or declining balance depreciation. Diewert (2006a) found that this approach dates back to Matheson 
(1910). As mentioned earlier, this method is very simple computationally; it has been used in a large 
number of economic studies (see Jorgenson 1995, 1996 for a sample of influential papers) and is also 
gradually adopted by statistical agencies, among them the United States Bureau of Economic Analysis. The 
geometric model of depreciation δ (for an early application see Jorgenson and Griliches 1967) is 
characterised by 

(9)  Pn/P0 = (1- δ)n;  n = 0, 1,�. 

182. The independence of the depreciation rate from the age of the asset generates a particularly 
convenient user cost formula. User costs are proportional to asset prices and in general, the factor of 
proportionality comprising the rates of return, of depreciation and of revaluation depends on the vintage of 
the asset because the rate of depreciation is age-dependent. Under a geometric model, the factor of 
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proportionality becomes independent of the vintage of the asset. An important implication is that the value 
of depreciation does not have to be computed separately for every vintage but is obtained directly by 
applying the rate of depreciation to the net capital stock. Furthermore, the productive capital stock and the 
net capital stock coincide in the case of geometric rates because age-price and age-efficiency profiles 
coincide. 

183. Another feature of geometric rates is that they typically combine the age-price and the retirement 
profile for a cohort of assets. As has been shown in Section 13.3, various age-price profiles for individual 
assets, when combined with retirement profiles for entire cohorts, generate profiles that are more or less 
convex to the origin so that the geometric model can be used as an approximation to a combined age-
price/retirement pattern. Alternatively, when information from second-hand asset prices is used to estimate 
geometric rates econometrically, a specific adjustment is made to account for retirement patterns and for 
the fact that observed prices are only prices of surviving assets (see next Section). 

184. In the absence of econometric estimates of geometric depreciation rates, δ has sometimes been 
estimated with the �declining balance method� and on the basis of information about average service lives 
of a group of assets. Hulten and Wykoff (1996) made the following suggestion for converting an average 
service life of a cohort, TA, into a depreciation rate. They propose a two-step procedure based on the 
�declining balance� formula δ = R/TA where R is an estimated declining-balance rate. Under the double 
declining balance formula, R is chosen to equal 2, but generally it is preferable to turn to empirical results 
for the shape of the geometric depreciation pattern. Hulten and Wykoff, in their empirical studies found an 
average value of R that is less than 2. Their results served as the basis for the geometric depreciation rates 
used by the United States Bureau of Economic Analysis (see Fraumeni 1997)16. Baldwin et al. (2007), on 
the other hand, report econometric estimates of declining balance rates in the range between 2 and 3.  

185. Overall, the parameters for geometric models of depreciation are best derived from econometric 
studies of used asset prices. Although the empirical basis is not very broad, these results provide much 
better foundations for depreciation estimates than simple assumptions. The principles of such studies are 
described below. 

12.2 Empirical estimates of age-price profiles from used asset prices 

12.2.1 Concept 

186. Econometric studies of depreciation use price observations on new and used assets for several 
periods (for a more extensive survey of depreciation studies see Jorgenson 1996). Most approaches can be 
traced back to the work of Hall (1971) who put forward an econometric model of vintage price functions. 
Major empirical work in the field was conducted by Hulten and Wykoff (1981). Examples of more recent 
work are Oliner (1993), Geske, Ramey and Shapiro (2004), and Doms, Dunn, Oliner and Sichel (2004). In 
simplified form, these models can be characterised as follows. 

(10) ln Pn,v,t = a + βDn + γDv + µDt + ε 

187. Observations on prices of a particular class of assets are distinguished by the age n of the capital 
good, by its vintage (i.e., a particular model, described by a set of characteristics v) and by the time of 
purchase t. The coefficient µ in this regression will yield an estimate of the average price change of the 
class of assets under consideration, while controlling for the age and for the characteristics of the models in 
the sample. In other words, µ is an estimate for a constant-quality price index for new assets, very much the 

 
16. The Bureau of Economic Analysis uses a declining balance rate of 1.65 for most machinery and equipment and a 

rate of 0.91 for non-residential structures, based on Hulten and Wykoff (1981) and Wykoff and Hulten (1979). 
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kind of price index discussed in the context of deflating investment expenditure as a first step towards 
constructing measures of capital stocks. 

188. The coefficient β, attached to the age variable, represents the percentage change in prices when 
age moves by one unit, holding characteristics and time constant. The economic effect measured by β 
captures what has been labelled �decay� by some authors (see Triplett 1998 for a discussion), i.e., the loss 
in value due to wear and tear as a capital good is used and as it ages. It is a pure age effect in the sense that 
it is measured while quality characteristics are held constant. β is also the parameter liable to picking up the 
�lemons� effect, first identified by Akerlof (1970). Used assets trade at a discount when buyers cannot 
assess the quality of the goods offered for sale when they assume that vendors attempt to sell deficient 
goods. 

189. Another issue, whose discussion here follows Hulten and Wykoff (1981) relates to the question 
whether assets traded on second-hand markets are representative of the entire asset stock, including the 
large majority of assets that remain in the possession of their original owners until they are scrapped. In 
particular, it has been suggested that assets are put on the second-hand market because they are defective in 
some way; this is sometimes referred to as the �lemons� theory. Even if most second hand assets are in fact 
not lemons (i.e. not defective), so long as some prospective buyers fear that there may be some defective 
ones among the assets on offer, prices will be depressed and the prices of assets traded on second-hand 
markets will understate the market values of assets not so traded. An additional point is that there may be 
an inverse relationship between the lemons effect and the age of an asset. If an asset is put on the market 
while it is still relatively new, prospective buyers may be more suspicious about possible defects than if an 
asset is traded towards the end of its normal service life. The opposite suggestion has also been made, 
namely that used assets are usually put on the market in order to raise finance and so firms will sell their 
best assets rather than their worst ones. Attempts to determine the validity of these and other theories about 
the extent to which second-hand assets are representative of the total asset stock are inconclusive. 

190. The coefficient γ captures the effects of product characteristics, i.e., product quality on prices. 
Obsolescence is directly associated with product characteristics: a new model of a class of assets may have 
new features or more of certain characteristics than an old model and this will typically depress the price of 
old models even if they are physically unchanged as such. Because expected obsolescence is considered 
part of depreciation in the national accounts, the obsolescence-related effects should be reflected in 
measures of depreciation. However, as Oliner (1993) has shown when investment data has been deflated 
with constant quality price indices � as is typically the case � only β should form the basis for empirical 
estimates of rates of depreciation because quality change has already been captured by the constant-quality 
deflator. 

12.2.2 Empirical evidence 

191. Many studies of second hand asset prices have been made in the United States, perhaps because 
second-hand asset markets are more highly developed in that country. It is not certain that the age-price 
profiles identified for assets in the United States are also typical for other countries, although the studies 
carried out elsewhere, in Canada, United Kingdom and Japan, for example, have found similar age-price 
profiles. 
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�This leads us to accept the 
geometric pattern as a reasonable 
approximation to [the age-price 

profile] of broad groups of assets� 
(Hulten and Wykoff 1996) 

 

Box 4. Depreciation rates based on Statistics Canada�s Capital Expenditure and Disposal Survey 

When statistical offices regularly compile data on capital expenditure and capital disposal, this can be a very good source 
of information for the estimation of age-price and depreciation profiles (see Section 13.1.1 for more discussion). The Capital 
and Repair Expenditure Survey (CES) conducted by Statistics Canada provides a good example for this approach. The survey 
covers about 80% of Canadian business investment with around 30 000 firms surveyed each year. The part of the survey 
dealing with capital expenditure is central to the estimation of gross fixed capital formation in Canada and as such a key input 
for the perpetual inventory method. However, the crucial information for estimation depreciation rates comes from those parts 
of the survey that deal with capital disposal. 

The disposal database allows the direct estimation of depreciation rates for 36 major asset groups. The database contains 
individual data on the selling value of assets, on the age of the assets and on the corresponding gross book value. Another, 
interesting piece of information comes from a question on the expected service lives of new assets alongside with the 
investment value on new assets. 

Traditionally, used-asset samples have not contained information on retirements, and price data has to be weighted by 
assumed survival probabilities. Such adjustments are not required when information on discards is included directly in the 
database. The basic variable used in recent studies on deprecation (Baldwin et al. 2007, Tanguay 2007, Patry 2005) is the ratio 
between the asset price when sold and its gross book value: P=SV/GBV. The book value, initially at historical prices, is 
expressed in prices of the selling year using investment goods deflators. Thus, the ratio P, along with information about the age 
of the asset when sold, permits estimating an age-price function which can readily be converted into a deprecation profile. A 
methodological challenge in this context has been to deal with the fact that the gross book value comprises not only the initial 
purchase value of the asset but also cumulative improvements that have been capitalized during the asset�s service life.   

The ex-post rates of depreciation can be compared with information from the survey on expected service lives. Expected 
service lives (T) can be translated into depreciation rates δ with the declining balance method given information about the 
declining balance rate DBR: δ=DBR/T. Baldwin et al. (2007) obtain DBR econometrically and find that on the whole, ex-ante 
and ex-post depreciation rates were reasonably close.  

One of the most interesting results from these studies is the comparatively high rate of depreciation and short service life 
that emerges for structures. For example, the authors find a 6% depreciation rate and an average service life of about 33 years 
for office buildings � considerably less than in many other countries and than in earlier studies for Canada. It emerged that over 
time, the service life of buildings has declined. This underlines the need for comprehensive and regular studies on depreciation 
patterns, lest there be a danger of ending up with biased values for depreciation and capital inputs.   

Sources: Baldwin et al. (2007); Tanguay (2007); Patry (2005).  

192. Ideally, these studies should use actual transaction prices. A few studies have done this by using 
auction prices. This is often the case in studies of farm equipment because auctions are a common way of 
disposing of assets when farms go out of business. Other studies have tried to obtain transaction prices 
from second-hand asset dealers through surveys. Most studies, however, have been based on �list prices�. 
These are the offer prices published by dealers and, because 
bargaining is common in asset markets, they may overstate 
actual transaction prices. In almost all cases, the first price in 
the age-price profile � the price of a new asset � is almost 
always a list price even when the subsequent observations are 
genuine transaction prices. Finally, at least one study (Lee 
1978) has used insurance values. This was a study of fishing 
boats and because they run substantial risks of accidental loss, both owners and insurers have a shared 
interest in ensuring that insured values are realistic. This is not always the case for assets which face lower 
accident risks. 

193. A significant source of bias, about which there is no dispute, arises from the fact that second-
hand asset prices necessarily refer only to assets that have not yet been retired from the capital stock. 
Within the entire group of farm tractors of a given make, model and year of manufacture, there will be 
some whose second-hand prices are zero because they have been scrapped. A number of studies 
(Jorgenson 1996) have tried to correct for this bias by adding some (unobserved) zero prices to the set of 
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prices that have been observed. It is usually assumed that the assets with zero prices were withdrawn from 
the stock following a bell-shaped mortality function such as the Winfrey �S3� curve. Hulten and Wykoff 
(1981) adjust used asset observations before they apply their econometric procedure. This permits 
integrating the effects of survival and consequently, the resulting depreciation rates combine the effects of 
retirement, decay, and obsolescence. 

194. Three main conclusions about age-price profiles can be drawn from these studies:  

• First, different kinds of assets exhibit a very wide range of age-price profiles. If price is plotted on 
the vertical axis and age horizontally, studies have found age-price profiles that are concave to the 
origin, that are horizontal lines, that fall in a straight line and that are convex to the origin. The 
studies have covered a wide range of industrial, agricultural and construction machinery, 
commercial and industrial buildings and transport equipment and it is therefore no surprise that 
they have not identified a single, standard pattern for the age-price profile of assets.  

• Second, notwithstanding the above, by far the commonest age-price profile is a line which falls 
over time with some convexity towards the origin. This is almost always the case for machinery 
and equipment and is generally the case for buildings.  

• Third, the downward sloping convex curve, which is most often detected in these studies, does not 
follow any simple mathematical law. Some of the studies have tested whether their observed age-
price profiles follow one of two simple models � geometric (i.e. asset prices falling by a constant 
rate each year) or straight-line (i.e. asset prices falling by a constant amount each year). Statistical 
tests almost invariably reject both of these simple models, although straight-line is usually 
rejected more firmly than the geometric model. In summary, to quote Hulten and Wykoff�s (1996) 
experience: �Although it is rejected statistically, the geometric pattern is far closer than either of 
the two other candidates. This leads us to accept the geometric pattern as a reasonable 
approximation for broad groups of assets, and to extend our results to assets for which no resale 
markets exist by imputing depreciation rates based on an assumption relating the rate of geometric 
decline to the useful lives of assets.�   

12.3 Deriving depreciation profiles from age-efficiency profiles 

195. When there is information or when assumptions have been made about the age-efficiency profile, 
the age-price profile and therefore the depreciation pattern can be derived. Age-price and age-efficiency 
profiles are related and a simple numerical example of how age-price profiles can be derived from age-
efficiency profiles was given in Chapter 3.2. The conceptual link between the two profiles is the asset 
market equilibrium condition � the price of an asset equals the discounted value of its expected future 
rentals � because an important factor that shapes future rental prices is the age-related efficiency with 
which an asset will contribute to production. This age-efficiency pattern is mirrored by the relative user 
costs for assets of different age: fn/f0=hn where fn/f0 is the rental that an n-year old asset generates relative 
to a new asset and where hn is the age-efficiency profile. A more formal demonstration of this derivation is 
given in Section 19.6. The main result is 
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196. It should be noted that the link between the age-efficiency and the age-price profile is established 
at the level of the entire cohort, i.e., starting with a combined age-efficiency/retirement function that 
combines information about the retirement distribution and about the age-efficiency profile for a single 
asset (see Section 13.3). Given an age-efficiency profile for a cohort, {hn}, and given a real rate of return 
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r*, a consistent age-price profile ψn can be computed. Note a possible circularity when the rate of return is 
computed endogenously and when the age-price profile is derived from the age-efficiency profile: a rate of 
return is needed to compute the age-price profile and hence depreciation. But the rate of depreciation is 
needed to compute the endogenous rate of return. One, tedious, way to deal with this situation is to solve a 
system of non-linear equations.  A much simpler solution is to use an approximate and plausible real rate 
of return, such as 4% and solve for ψn. The issue does not arise when rates of return are exogenous and/or 
when age-price and age-efficiency profiles are geometric. 

12.4 Production function approach 

197. The following description of the production function approach draws directly on Diewert (2006) 
to whom we refer for a more extensive discussion and further references. The production function 
approach postulates the existence of a relation between output yt produced during period t, quantities of 
non-durable inputs xt, and quantities of durable inputs of different age {It-n} such that 

 (12) yt = f [xt, It+(1-δ)It-1+(1-δ)2It-2+(1-δ)3It-3+�+(1-δ)TIt-T] 

198. Given observations on outputs and inputs, and given an assumption about the functional form of 
the production function, regression techniques can be used to obtain estimates of δ17. Empirical studies 
using the production function approach to estimate depreciation rates include Epstein and Denny (1980), 
Pakes and Griliches (1984), Nadiri and Prucha (1996) and Doms (1996). As Diewert (2006a) points out, it 
should be noted that the depreciation rates which are estimated using the production function approach 
may be different from the estimates that result from used asset studies. The latter approach incorporates the 
effects of deterioration and obsolescence (and are thus in line with the notion of depreciation in the 
national accounts) whereas the production function approach typically incorporates only the effects of 
physical deterioration. 

199. Econometric techniques, applied to models based on production theory, have also been used to 
estimate depreciation rates for research and development capital (Bernstein and Mamuneas 2006, Hall 
2006) for which there is no possibility to use used asset prices to determine rates of depreciation. This is a 
useful way of introducing some objectivity into the difficult area of measuring R&D capital and 
depreciation18. 

13 SERVICE LIVES AND RETIREMENT OF ASSETS 

13.1 Service lives of assets  

200. The accuracy of capital stock estimates derived from a PIM is crucially dependent on service 
lives � i.e. on the length of time that assets are retained in the capital stock, whether in the stock of the 
original purchaser or in the stocks of producers who purchase them as second hand assets. Note that the 
asset life is understood here as an economic notion19, and not as a physical or engineering notion of capital 
 
17 Strictly speaking, the method produces estimates of the age-efficiency profile. However, due to the assumption of 

geometric rates, there is no difference between the age-price and the age-efficiency profile. 
18  A caveat here is that typically, this approach relies on econometric estimates of depreciation given a rate of return. 

The latter is assumed, i.e., taken as an exogenous variable and the estimated results on depreciation rates may vary 
with the assumed rates of return. It is unclear whether, empirically spoken, this is an important effect or not. 

19 Diewert (2006c) examines a model based on Jorgenson and co-workers where rising real wage rates will induce 
early retirement of assets; i.e., this model can provide an explanation for obsolescence.  The paper studies how to 
aggregate over vintages and how to measure depreciation in the context of this embodiment model.  
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For national accounts purposes, 
service lives are economic service 
lives which may be different from 

physical service lives.  

goods. This is important because it implies that asset lives can change over time simply due to economic 
considerations even if the asset remains physically unchanged. In fact, economic service lives are one 
avenue by which obsolescence manifests itself � the decision to retire is taken because a new and possibly 
more productive and/or cheaper asset appears, rendering the old model obsolete. 

201. More precisely, the average or mean service life has to be distinguished from the maximum 
service life of a cohort of assets because the service lives of the same assets within a cohort are normally 
described by a retirement or mortality function, more of which below. The first section below looks at the 
sources that are available to estimate service lives, the next section considers evidence that service lives 
may be changing over time, and a final section looks at how errors in service life assumptions may affect 
reliability of capital stock estimates. Annex 1 shows the service lives used by several countries. 

13.1.1 Sources for estimating service lives  

202. The main sources for estimating service lives are asset lives prescribed by tax authorities, 
company accounts, statistical surveys, administrative records, expert advice and other countries� estimates. 

203. Tax lives. In most countries, the tax authorities specify the number of years over which the 
depreciation of various types of assets may be deducted from 
profits before calculating tax liabilities. Many countries � 
including Australia and Germany for example � make some 
use of them, either to estimate the service lives of assets for 
which no other source is available, or to provide a general 
credibility check on service life estimates obtained by other 
methods. 
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Box 5. Service lives for capital stocks in Germany 

The single most important source for service lives of assets in Germany are depreciation rules for companies as set by the 
German Ministry of Finance. Depreciation tables (AfA Tabellen) provide, by detailed asset type, information on the length of 
service lives for tax purposes. As these fiscal service lives reflect a principle of prudence, they tend to underestimate the true 
economic service lives and hence, the Statistisches Bundesamt  for purposes of depreciation measurement, adjusts them 
upwards by between 20 and 100%. Adjustment factors are based on expert opinions from enterprises and industry associations. 
To a small extent, service lives are differentiated by industry. For example, it is assumed that lorries have a shorter service life 
in the construction industry than elsewhere.  

Service lives for structures, in particular for dwellings and non-residential buildings, and service lives for intangible 
assets such as software are based on a series of other sources, and typically differentiated between different industries. For 
every vintage of investment, there is a different average service life, because every year the product, industry and sectoral 
composition of service lives may change.  The table below shows examples of average service lives for types of assets as well 
as the spread of service lives for particular products within each asset category.  

Type of asset Average 
service life 

Minimum and maximum 
service life of products within asset 

type 

Buildings 66 15 � 150 

Residential buildings 74 40 � 95 

Streets 57 35 � 116 

Equipment 12 5 � 30 

Transportation equipment 11 8 � 25 

Machinery and equipment 12 5 � 30 

Metal products 18 14 � 22 

Data processing equipment 5 5 � 9 

Source : Schmalwasser and Schidlowski (2006) 

204. The interesting question is what sources are used to estimate tax-lives in the first place. In 
general, it appears that tax-lives are based on a variety of sources of differing reliability including expert 
opinion, ad hoc surveys of particular assets in particular industries and advice from trade organisations. In 
general, the accuracy of tax-lives will depend on the extent to which they are actually applied in tax 
calculations. Some governments use various systems of accelerated depreciation to encourage investment 
with the result that tax-lives become irrelevant to the calculation of tax liabilities, and neither tax collectors 
nor tax payers have any incentive to see that they are accurate and kept up-to-date. In several countries, 
however, tax-lives are based on periodic investigations by the tax authorities and can be assumed to be 
realistic.  

205. In some cases, the statisticians have concluded that the pattern of tax lives across industries or 
asset types are fairly realistic but that there is a tendency for an overall bias in one direction or the other. 
They therefore apply an upward or downward correction factor before using them for their PIM estimates.  

206. Company accounts. Company accounts often include information on the service lives that they 
are using to depreciate assets. Singapore and Australia have both made use of service lives reported in 
company accounts. The International Accounting Standards Committee has for some years been 
encouraging member countries to adopt common standards for company accounting and the Committee�s 
rules require companies to report asset service lives used to calculate depreciation in their accounts. 
Company accounts could, therefore, become a better source of information in the future.  

207. Company accounts almost always record stocks of assets at historic (or �acquisition�) values, and 
while this is a disadvantage for many purposes; it does not necessarily prevent them from being used to 
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estimate asset lives. Current price estimates of GFCF are, by definition, also valued at acquisition prices 
and are therefore consistent with stock estimates in company accounts. If the latter can be converted to a 
gross basis by adding back depreciation (which is also recorded at historic prices in company accounts) 
service lives can be estimated by comparing the gross stock in each year with the sum of investments 
during a varying number of previous years until finding how many years� cumulated investments most 
nearly equal each year�s capital stock. This technique has been used in France, Italy and the United States. 

Box 6. Determining service lives from company data in France 

A systematic analysis of data from company information was carried out by Atkinson and Mairesse (1978) to determine the 
average service life of equipment in France. The researchers from the national statistical institute proceeded as follows. Atkinson 
and Mairesse compiled time series data for capital and investment for 124 French manufacturing firms for the period 1957-1975. 
The capital measure is the gross book value of fixed assets excluding land and buildings as recorded every year in the balance 
sheets, the investment variable is the corresponding value of the equipment flow. In line with accounting practice, all variables are 
at historical prices.  With some extra estimates to generate long investment series, Atkinson and Mairesse construct a capital stock 
variable Ki,t*=∑sφ(s,σ)Ii,t-s based on past investments Ii,t-s for firms i=1,2,�; weighted by a retirement function φ(s,σ) whose 
parameters σ (which in turn determine the average service life) were as yet unknown. Subsequently, the authors employ an 
econometric procedure to estimate σ. More specifically, they estimate the non-linear function 

S(σ) =∑i ∑t(log Ki,t � log Ki,t*)2 

which selects parameters σ on the criterion that they minimise the difference between the constructed capital stock Ki,t* and the 
capital stock measures from the company accounts Ki,t. The authors also test for different forms of the retirement function, such as 
a lognormal and a Weibull distribution. The data are treated by economic sector. The results indicate that the average service lives 
for manufacturing equipment goods for the period under consideration in France ranged between 16 and 21 years. 

208. Statistical surveys. Two kinds of surveys are relevant to the estimation of asset service lives � 
those which ask producers about discards of assets during some previous accounting period and those 
which ask respondents to give the purchase dates and expected remaining lives of assets currently in use. 
The Netherlands has been carrying out a discards survey for some years (see Box) and the Czech Republic 
has recently added questions about discards to its annual capital expenditure survey. The United Kingdom, 
on the other hand, recently investigated the feasibility of a discards survey but concluded that very few 
respondents would be able to provide reliable information about assets that had already been discarded 
from the stock. There is also an indirect approach toward estimating service lives (see Box on the 
Netherlands). 

209. Several countries carry out surveys of the second kind � i.e. those asking respondents about 
expected lifetimes. Korea and Japan have carried out large-scale investigations of capital stocks and asset 
service lives covering most kinds of activities. Canada, Italy and Spain have added questions about 
expected service lives to ongoing surveys of capital investment or industrial production. The United States 
carried out a number of industry-specific surveys in the 1970s with a view to updating the service lives 
used for tax purposes. A recent survey carried out in New Zealand on behalf of the tax authorities 
concentrated on 250 specified types of plant, machinery, transport and other types of equipment. For each 
asset type, a target group of producers was identified which could be expected to use that particular type of 
equipment and respondents were asked to report the year of purchase and expected remaining life of one 
individual asset of that type. By confining the investigation to a single asset the survey achieved a good 
response rate.  
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Box 7. Service lives and discard patterns based on direct observations in the Netherlands 

Sources: the Netherlands count among the few countries where survey information is available on capital stocks and on capital 
discards. Combined with information from investment surveys, these sources are used to estimate service lives and retirement 
patterns by type of asset. Until 2003, capital stock surveys were conducted through on-site visits for manufacturing enterprises of 
100 employees or more, with coverage of all two-digit ISIC industries, and relating to six types of assets. Surveys on discards have 
been conducted annually since 1991 for the same group of enterprises as the capital stock survey. Importantly, the survey on 
discards makes a distinction between scrapping an asset and selling it on the second-hand market.  

Main features of method: for every type of asset and industry, the gross stock of a particular vintage minus the discard value of 
that vintage during the year is divided by the gross stock of the vintage at the beginning of the year. This ratio approximates, for 
every vintage, the probability of survival conditional on being in existence at the beginning of the period. Next, an assumption is 
made that the survival rates are generated by a Weibull probability density function which has been found to give a good 
approximation to the way in which a group of assets installed in a given year are discarded. The Weibull function (see also 
expression (14) below) has two parameters that characterise its shape. These parameters are then chosen such that the survival 
probabilities generated by the function are as closely as possible the empirical survival probabilities computed from the survey 
results. Given the parameters, the expected service life of each group of assets can be calculated.  

The estimation of optimal parameter values is carried out for every asset/industry combination. A rule for the exclusion of outliers 
is applied to avoid unreasonable probability distributions. For the 1993-2001 period, capital survey data are available for two 
separate years for most industries and estimates were made for each year. Each survival distribution is checked for plausibility and 
some results are excluded because they do not pass visual inspection. When results are acceptable for both years of observation for 
the same industry/asset combination, an average is taken, otherwise the more plausible result makes it into the final selection. 
Some further quality checks are performed before the final set of retirement functions for each industry/asset is used in the national 
accounts. The results are shown in Annex 1 of this Manual. 

210. Producers of capital goods need to know the age structure of the asset stock in order to forecast 
future demand. For this reason, trade associations and publishers of technical journals sometimes carry out 
surveys, which may provide information on service lives. Information from these sources does not seem to 
have been widely used by statistical agencies but it may well be that information on particular kinds of 
assets is available from trade and technical publications in some countries.  

211. At the same time, some caution is also needed when using information from capital expenditure, 
and disposal surveys. Frequently, answers by respondents indicate how long the firm currently owning the 
asset has held it, but not including how long it had been held by a previous owner. This may occur 
regardless of the instructions to the respondent as the current owner may not have records on how old the 
asset was when purchased used. In addition, answers may refer to when the firm sold the asset to another 
user. This is not the same thing as scrapping or retiring it. Service life estimates from such surveys could 
be underestimated as a result. Clearly, depreciation should depend on the total life of an asset, not just on 
the life of the asset when held by a certain producer. 

212. Administrative records. For some assets, government agencies maintain administrative records 
that can be used to estimate service lives. In almost all countries registers are kept of construction and 
demolition of dwellings and commercial buildings and vehicle registration records track the service lives 
of road vehicles. Aircraft and ships are often subject to similar controls. Regulatory bodies in power 
industries, railways and telecommunications are also a possible source of information. 

213. Expert advice. Most countries appear to base at least some of their asset lives on expert advice. 
This may involve seeking advice from a panel of production engineers familiar with conditions in a 
representative cross-section of industries, or asking firms that produce capital assets for the normal service 
lives of different sorts of equipment. As already noted, producers of capital equipment need to have 
realistic estimates of the usual working lives of the assets they produce because sales to replace existing 
assets are a significant part of their total market. Asset-producers are therefore a potential source of reliable 
information on service lives. 
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214. Other countries� estimates. Most countries periodically review estimates used by other 
countries to ensure that their own estimates are not too far out of line with those of neighbouring or similar 
countries. Certainly, when countries first estimate capital stocks, they usually search the literature or 
contact other statistical offices to find out the service lives used elsewhere. There is a danger here that if 
countries systematically copy other countries service lives, an impression is created that there is a well-
based consensus on the matter when in fact few, if any countries, have actually investigated service lives in 
their own countries. It should also be noted that asset service lives must be strongly influenced by country-
specific factors such as the relative prices of capital and labour, interest rates, climate and government 
investment policies. Other countries' estimates may provide a broad credibility check but should not be 
adopted without question. 

215. Implicit service lives in depreciation rates. When (constant) rates of depreciation are estimated 
with the help of econometric techniques an implicit statement is made about average service lives. 
Although the maximum service life of a geometrically depreciated asset tends towards infinity, the number 
of years after which an asset has lost 50%, 90% or 99% of its value can easily be calculated. More 
specifically if the relation Pn=(1-δ)nP0 describes the geometric pattern of the price of an asset as it ages (its 
age-price profile) where n is the asset�s age and δ is the rate of depreciation obtained from econometric 
estimates, then the number of years n* by which a new asset will have lost X% of its value is given by 
n*=ln(X/100)/ln(1-δ). 

13.1.2 Ownership transfer costs 

216. The cost of transferring ownership of assets is treated as gross fixed capital formation (see also 
Chapter 14).  Because of this, costs of ownership transfer are also subject to consumption of fixed capital. 
In the revised System of national accounts it is recommended that the costs of ownership transfer be 
written off over the period the asset is expected to be held by the purchaser, which may or may not 
correspond to the entire service life of the asset. Costs of ownership transfer on the disposal of an asset, 
and also terminal costs (for example dismantling costs) should also be written off over the period the asset 
is held but recorded when they are actually incurred. When this cannot be followed for lack of adequate 
data, these terminal costs should still be recorded as gross fixed capital formation but written off as 
consumption of fixed capital in the year of acquisition. 

13.1.3 Changes in service lives  

217. There are good conceptual and empirical reasons why service lives may change over time. In 
practice, estimates of service lives are rarely updated in most countries. The �fixity� of service lives has 
been criticised because it is alleged that service lives are tending to fall over time. Two main reasons are 
given for this: 

• It is argued that �product cycles� are becoming shorter. Consumer tastes in many countries may 
be changing more rapidly than in the past so that manufacturers are forced to introduce new 
versions and models more quickly and to bring new products onto the market more often than 
before. This could require producers to retool their production lines more frequently. 

• It is also argued that many capital goods face much higher rates of obsolescence than in the past. 
This is particularly the case with computers and related equipment and may also be true for the 
increasing range of assets that incorporate computer technology; numerically-controlled machine-
tools, communications equipment, and robotised production systems are examples.  

218. As against this, some assets are certainly becoming more durable. Road vehicles and commercial 
aircraft are two examples. In addition, there has been considerable progress in recent year in the 
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development of �flexible� production systems, which allow manufacturers to rapidly switch between 
alternative models without the need to retool. Shorter production cycles do not, therefore, necessarily 
imply shorter asset lives. 

219. There have been few empirical studies relevant to the question of changes in asset lives. In 
Germany the Federal Ministry of Finance first began to publish tables of service lives to be used for tax 
purposes in 1957 and they have been regularly updated since then. The German Statistisches Bundesamt 
notes that officials of the Ministry of Finance are in regular contact with firms about changes in asset lives. 
The information obtained by the officials may be impressionistic rather than scientifically-based, but the 
Statistisches Bundesamt considers that it is nevertheless sufficiently well-founded to detect the direction of 
changes in service lives and the approximate size of such changes. Schmalwasser and Schidlowski (2006) 
report that service lives by type of product are revised about every 10 to 15 years. Note also that even if 
service lives at the most detailed product level remain unchanged, the average service life for a vintage 
may change if the product composition changes. 

220. Most countries appear to keep asset lives fixed for their PIM estimates, but there are some 
exceptions. In the capital stock estimates of the United Kingdom, the lives of most assets are assumed to 
have been gradually declining since the 1950�s and service lives of most types of long-life assets are 
reduced by just over 1% each year. The German Statistisches Bundesamt uses falling service lives for 
housing, farm buildings, motor vehicles and certain types of industrial equipment. Finland assumes that 
service lives for machinery and equipment were falling by 0.8% to 1% per year from 1960 to 1989 and at 
about half that rate since 1990. 

221. Some of these reductions in asset lives are introduced not because the statisticians believe that 
service lives of particular kinds of assets are falling but rather that the asset groups identified in their PIM 
models are thought to contain increasing shares of shorter-lived assets. In particular, assets containing 
computerised components are generally assumed to have shorter lives than other types of equipment and 
the share of such assets in some asset groups is almost certainly rising in all countries. Thus, even in the 
absence of information about asset lives of specific assets, it may be right to assume declining service lives 
for groups of assets. Clearly the importance of this composition effect will depend on the degree of detail 
in the asset classification that is being used. 

222. There are fewer examples of increasing service lives. In Germany the service lives of commercial 
aircraft are assumed to have been between 5 and 8 years prior to 1976 and 12 years for aircraft purchased 
since then. In the United States electric light and power equipment was assigned a service life of 40 years 
before 1946 and 45 years for all later years. Commercial aircraft are also assigned longer lives in later 
years � 12 or 16 years prior to 1960 and 15 or 20 years since then. Australia cites evidence from vehicle 
registration records that the service lives of road vehicles are increasing and this may be a fairly 
widespread phenomenon. 

13.1.4 Effect of errors in service life estimates  

223. Ideally, what is required for accurate implementation of the PIM is a set of service lives for 
narrowly-defined asset groups that are used in different sectors and kinds of activity. Moreover, this set of 
service lives should be updated regularly to reflect cyclical or longer-term changes in the lengths of time 
that assets remain in the stock. From the review of the sources above it is clear that the information 
actually available falls far short of this ideal. Service life estimates are generally available only for broad 
asset groups, there is limited information available on differences in lives of asset groups between sectors 
and kinds of activity and service lives are updated at rare intervals in most countries. This section considers 
how errors in service lives may affect levels and growth rates of capital stocks derived from the PIM. 
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224. The effect of errors in the average service lives used in the PIM can be gauged through 
�sensitivity studies� by running the PIM model with alternative estimates of service lives. Results of 
sensitivity studies for Canada and the Netherlands are described below. 

225. Statistics Canada has estimated the gross capital stock in manufacturing with its standard PIM 
model but using service lives that increased from 0.5T to 1.5T, with T the average service life presently 
being used in Canada. The tests were run for the period 1950 to 1998. Predictably, changing service lives 
change the level of the capital stock in the same direction. Using the shortest lives (0.5T) reduced the level 
of the stocks by up to 50% and using the longest lives (1.5T) increased the level by up to 40%. With less 
extreme changes � 0.9T and 1.1T � the size of the stock is reduced by about 8% and raised by about 7%.  
Assuming that service lives used for PIM estimates are not usually wrong by more than 10%, the Canadian 
study therefore suggests that stock levels may have error margins of +/-8%. 

226. Analytic studies often focus on growth rates rather than stock levels. The effect of changing 
service lives has an unpredictable effect on growth rates because service lives act like weights. An upward 
revision to the service life of a particular asset increases the share of that asset in the total stock. An 
upward revision to a faster (slower) growing component of the stock will raise (lower) the growth rate of 
the capital stock as a whole. In the Canadian study, reducing service lives generally increased capital stock 
growth rates during the period 1950 to 1970 but decreased them from 1971 to 1998. 

227. The study carried out by Statistics Netherlands focused on stocks of machinery in the chemical 
industry and covered the period 1978 to 1995. Five different service lives were used � 10, 15, 20, and 25 
years (the average service life actually used is 19 years). While the Canadian study deals only with 
estimates of the gross capital stock, the Netherlands study looked at the effects on both gross and net stocks 
and on consumption of fixed capital. 

228. The level of the gross stock again changes in the same direction as the changes to service lives. 
Depreciation, however, generally changed in the opposite direction; that is, increasing the service lives 
reduced the amount of depreciation. This happened because, with longer service lives, each asset is written 
off over a longer period and this outweighs the increase due to the fact that longer service lives mean that 
there are more assets in the stock. In some years, however, the increase in the number of assets in the stock 
due to the use of longer service lives outweighed the reduction in the amounts of consumption of fixed 
capital charged to each asset and total consumption of fixed capital increased with longer service lives. 

229. Net capital stock is obtained by deducting accumulated consumption of fixed capital from the 
gross stock. Since longer service lives will always increase the gross capital stock and will usually decrease 
consumption of fixed capital, the net capital stock will tend to increase when longer service lives are used. 
Moreover, the increase in net capital stock as service lives are lengthened will be relatively larger than in 
the case of the gross capital stock. A similar conclusion applies to the effects of changing service lives to 
the productive stock. 

230. A final conclusion from the Netherlands study is that growth rates of gross and net stocks and of 
consumption of fixed capital become less volatile as service lives are lengthened. With longer service lives 
any lumpiness in investment flows into and out of the stock tends to be dampened by the larger size of the 
stock. 

13.2 Retirement patterns  

231. This section looks at the assumptions made about the distribution of retirements around the 
average service life. �Retirements� and �discards� are here used interchangeably to mean the removal of an 
asset from the capital stock, with the asset being exported, sold for scrap, dismantled, pulled down or 
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simply abandoned. As used here retirements and discards are distinguished from �disposals� which also 
includes sales of assets as second-hand goods for continued use in production. 

232. Simultaneous exit. The simultaneous exit retirement function assumes that all assets are retired 
from the capital stock at the moment when they reach the average service life for the type of asset 
concerned. The survival function therefore shows that all assets of a given type and cohort (i.e., year of 
installation) remain in the stock until time T, at which point they are all retired together. This retirement 
pattern is sometimes referred to as ��sudden exit�� but this term is ambiguous. Whatever mortality pattern is 
used, individual assets are always retired suddenly; the distinguishing feature of this function is that all 
assets of a given type and vintage are retired simultaneously. 

233. It is however, not plausible to assume that all assets of a given vintage will all be withdrawn from 
the stock at the precise moment when they reach the average service life for that asset type. Some assets 
will be discarded before they reach the average service life because they are overworked, poorly 
maintained or fall victim to accidents, while others will continue to provide good service several years 
beyond their average life expectancy. Simultaneous exit must be regarded as an inappropriate retirement 
pattern. 

234. Linear. With a linear retirement pattern, assets are assumed to be discarded at the same rate each 
year from the time of installation until twice the average service life. The mortality function is a rectangle 
whose height � the rate of retirement � equals 1/2T where T is the average service life. The survival 
function shows that the surviving assets are reduced by a constant amount each year, equal to 50/T% of the 
original group of assets.  

235. It is equally implausible to assume that a constant proportion of assets of a given vintage are 
discarded each year beginning in the first year that they are installed. Assets are by definition expected to 
remain in use for several years and discards in the years immediately after installation are likely to be rare 
for most assets. Thus, linear retirement also fails the test of plausibility. 

236. Delayed linear. A linear retirement pattern assumes that retirements start immediately after they 
are installed and this is generally regarded as an unrealistic assumption.  A delayed linear retirement 
pattern makes the more realistic assumption that discards occur over some period shorter than 2T. 
Retirements start later and finish sooner than in the simple linear case. Suppose for example that it is 
assumed that the assets are retired over the period from 80% to 120% of their average service life. The rate 
of retirement in the mortality function is then equal to 1/T (1.2-0.8) or 250/T% per year during the period 
when the retirements are assumed to occur. 

237. Delayed linear assumes that once retirements begin, equal parts are discarded until the entire 
vintage has disappeared and this is probably less plausible than the assumption of a gradual build-up of 
discards in the early years and a gradual slowdown in later years, which is implied by bell shaped 
distributions. 

238. Bell-shaped. With a bell-shaped mortality pattern, retirements start gradually some time after the 
year of installation, build up to a peak around the average service life and then taper off in a similar gradual 
fashion some years after the average. Various mathematical functions are available to produce bell-shaped 
retirement patterns and most provide considerable flexibility as regards skewness and peakedness (or 
kurtosis). They include gamma, quadratic, Weibull, Winfrey and lognormal functions. The last three are 
probably most widely used in PIM models and are described here. 

239. Winfrey distribution. Winfrey curves are named after Robley Winfrey, a research engineer who 
worked at the Iowa Engineering Experimentation Station during the 1930s. Winfrey collected information 
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on dates of installation and retirement of 176 groups of industrial assets and calculated 18 �type� curves 
that gave good approximations to their observed retirement patterns (see Box 8). The 18 Winfrey curves 
give a range of options for skewness and kurtosis. They are used in PIM models by several countries. 

240. The group of symmetrical Winfrey curves is written as: 

 (13) 
m

T a
TFF 








−= 2

2

0 1  

241. In (13), FT is the marginal probability of an asset retiring at age T, where the age has been 
expressed as a share of the average service life. Thus, T varies from zero to infinity and FT is largest at the 
average service life, i.e., when T=1. In Winfrey (1935), T is expressed in units equal to 10 percent of the 
average service life, and the parameters a and m provided by Winfrey are consistent with the age variable 
expressed in deciles. F0 shapes the mode of the distribution, i.e., the maximum probability of retirement (at 
average service life). Two widely used Winfrey curves are the symmetrical S2 and S3 curves with 
parameters (F0=11.911; a=10; m=3.07) for S2 and  (F0=15.610; a=10; m=6.902) for S3.   

242. Table 14 shows how marginal probabilities are computed for two symmetric Winfrey retirement 
functions. The first column depicts intervals of 10 percentages of the average service life, followed by the 
probability to retire during this age bracket. For example, the probability for an asset to retire while 
between 20 and 30 percent of the average service life is 0.27% under the S2 Winfrey distribution, as shown 
in the second column and 0.01 percent under the S3 Winfrey distribution as shown in the third column. 
These values are obtained by inserting the age variable T=30 into the Winfrey formulae with the 
parameters shown above. To obtain a more refined measure, say for five percent intervals, quintiles are 
shown in the fourth column of Table 14. The marginal probabilities in the fifth and sixth columns are then 
obtained by linearly interpolating between the probabilities derived for deciles. The result is shown 
graphically in Figure 7.  

Figure 7. Two symmetric Winfrey distributions 
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Box 8. Winfrey Mortality Functions 

During the 1920s and 1930s, Robley Winfrey assembled information on retirements of 176 different kinds of assets. Data 
were �accumulated from many sources, representing the following industries: gas, electric light and power, railway, telephone, 
telegraph, water supply, agricultural implement, motor vehicle and street pavement� (Statistical Analyses of Industrial Property 
Retirements, Robley Winfrey, page 59). His data sources included many of the major companies of the time � the American 
Telephone and Telegraph Company, the Atchison, Topeka and the Santa Fe Railway and the Pacific Gas and Electric Company. 
He also used information from the Chicago Water Works System and other municipal enterprises and he examined Iowa State 
vehicle registration records covering a wide range of �motor trucks� and �motor cars� � the latter including over 6 000 Model-T 
Fords and 5 000 cars of other makes.  

His interest was in the ways in which a group of assets � e.g. creosoted cross-ties (sleepers), motor cars, waterworks boilers 
and asphalt pavements � that had been installed or constructed in a given year were retired over their total life-span. Winfrey 
plotted the 176 individual mortality functions showing when each member of each �cohort� (group of assets installed in a given 
year) was retired from the capital stock and concluded that they could be grouped into 18 �type� curves which he denoted by L, S 
and R for left-modal, symmetrical and right-modal and by the numbers 0 through 6 for the flattest to the most peaked curves. The 
176 different kinds of assets were fairly evenly spread between the L, S and R curves but slightly more assets were assigned to the 
left-modal group � i.e. mode to the left of the mean. Over half of them had rather peaked mortality functions (numbers 3 to 6) 
indicating that most retirements happen within a short space of each other.  
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Table 14. Computation of two Winfrey retirement functions 

P ercentage of 
average service 

life

Percentage of 
average service 

life

D eciles W infrey S2 W infrey S3 Q uintiles W infrey S2 W infrey S3

0-10 0.0000 0.0000 0-5 0 .0000 0.0000
5-10 0.0001 0.0000

10-20 0.0003 0.0000 10-15 0.0001 0.0000
15-20 0.0007 0.0000

20-30 0.0027 0.0001 20-25 0.0014 0.0001
25-30 0.0031 0.0004

30-40 0.0099 0.0015 35-40 0.0049 0.0007
40-45 0.0082 0.0022

40-50 0.0228 0.0072 45-50 0.0114 0.0036
50-55 0.0160 0.0072

50-60 0.0411 0.0214 55-60 0.0205 0.0107
60-65 0.0259 0.0171

60-70 0.0625 0.0469 65-70 0.0312 0.0234
70-75 0.0366 0.0321

70-80 0.0840 0.0814 75-80 0.0420 0.0407
80-85 0.0466 0.0498

80-90 0.1024 0.1178 85-90 0.0512 0.0589
90-95 0.0543 0.0659

90-100 0.1148 0.1456 95-100 0.0574 0.0728
100-105 0.0585 0.0754

100-110 0.1191 0.1561 105-110 0.0596 0.0781
110-115 0.0585 0.0754

110-120 0.1148 0.1456 115-120 0.0574 0.0728
120-125 0.0543 0.0659

120-130 0.1024 0.1178 125-130 0.0512 0.0589
130-135 0.0466 0.0498

130-140 0.0840 0.0814 135-140 0.0420 0.0407
140-145 0.0366 0.0321

140-150 0.0625 0.0469 145-150 0.0312 0.0234
150-155 0.0259 0.0171

150-160 0.0411 0.0214 155-160 0.0205 0.0107
160-165 0.0160 0.0072

160-170 0.0228 0.0072 165-170 0.0114 0.0036
170-175 0.0082 0.0022

170-180 0.0099 0.0015 175-180 0.0049 0.0007
198-185 0.0031 0.0004

180-190 0.0027 0.0001 185-190 0.0014 0.0001
190-195 0.0007 0.0000

190-200 0.0003 0.0000 195-200 0.0001 0.0000

M arginal probability of 
retirem ent during decile

M arginal probability of 
retirement during quntile

 

243. Weibull distribution. The Weibull function has been widely used in studies of mortality in 
natural populations. It is a flexible function that can adopt shapes similar to those designed by Winfrey. It 
was devised by the Swedish mathematician Walled Weibull in 1951 and it is used by several countries for 
PIM estimates. The Weibull frequency function is written as:  

(14) 
αλ−−αλαλ= )T(1

T e)T(F  

244. T is again the age of the asset, α>0 is the shape parameter and λ>0 is the scale parameter of the 
distribution. Statistics Netherlands has used data from surveys of discards to estimate Weibull discard 
patterns for a wide range of assets. The table below shows the values of  λ and  α for the Netherlands.  α  
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can be interpreted as a measure of changes in the risk of an asset being discarded: 0 < α <1 indicates that 
the risk of discard decreases over time; α=1 indicates that the risk of discard remains constant through the 
lifetime of the asset; 1 < α < 2 indicates that the risk of discard increases with age but at a decreasing rate; 
α=2 indicates a linearly increasing risk of discard, and α > 2 indicates a progressively increasing risk of 
discard. 

Table 15. Parameters of Weibull distribution for the Netherlands 

Asset Parameter range of Weibull distribution 

 λ Α 

Buildings 0.021-0.050 0.970-2.210 

Passenger cars and other road 
transport equipment 0.134-0.251 1.130-2.120 

Computers 0.066-0.286 1.140-2.840 

Machinery and equipment 0.020-0.074 1.270-2.500 

Other tangible fixed assets 0.028-0.108 0.980-2.630 
Source: Central Bureau of Statistics, Netherlands. 

245. Gamma distribution. The Gamma distribution is used by some statistical offices, for example 
the German Statistisches Bundesamt because this distribution has empirical support from observed patterns 
of car registration. It is measured as: 

(15) aT1p1p
T eT)p(aF −−−Γ=  

246. The parameters a and p determine the shape of the retirement function. In Germany, for most 
goods, they are set to equal 9 which best approximates the empirical pattern of car retirement. 

247. Lognormal distribution. The normal distribution is widely used in many branches of statistics. 
The normal frequency distribution is symmetrical and has the useful property that 95% of the probabilities 
lie within two standard deviations around the mean. The lognormal distribution has this same property and 
is widely used as a mortality distribution for the PIM. The lognormal distribution is left-skewed and gives 
zero probability of discard in the first year of an asset�s life. The right-hand tail of the distribution, 
however, approaches but never reaches zero and must be arbitrarily set to zero when the probabilities 
become small. 

248. The normal frequency distribution is:  

(16) ( ) 22 2/Tln
T e

2T
1F σµ−−

πσ
=  

249. T is the age of the asset, σ is the standard deviation of the lognormal function and µ is its mean. σ 
itself is computed as ( )2)s/m(1ln −+=σ  and µ is computed as 25.0)mln( σ−=µ  where m and s are the mean 
and the standard deviation of the underlying normal distribution.  The lognormal frequency distribution has 
been used in capital stock measurement in the European Union. With m as the estimated average service 
life, the standard deviation s is set to between m/2 to m/4 to give more and less peaked distributions of 
retirements.  
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250. Both Weibull and lognormal mortality patterns have some empirical support. Statistics 
Netherlands and the French INSEE respectively, have shown that they can satisfactorily replicate observed 
discard patterns. 

13.3 Integrating retirement patterns with age-efficiency and age-price profiles 

251. Retirement or survival functions as discussed in the preceding section capture the idea that 
individual assets in a cohort retire at different ages. There are several options for combining retirement 
patterns with age-efficiency patterns or with age-price patterns of a single asset. We shall conduct the 
discussion in terms of age-efficiency cohorts but the method carries directly over to age-price patterns. The 
first possibility of integrating age-efficiency and retirement patterns consists of defining a separate age-
efficiency pattern for each service life in the retirement distribution. Thus, a cohort of assets consists of a 
whole family of age-efficiency profiles that are distinguished by differences in their expected service lives, 
as suggested, for example by Hulten (1990): 

�We have thus far taken the date of retirement T to be the same for all assets in a given cohort 
(all assets put in place in a given year). However, there is no reason for this to be true, and the 
theory is readily extended to allow for different retirement dates. A given cohort can be broken 
into components, or subcohorts, according to date of retirement and a separate T assigned to 
each. Each subcohort can then be characterised by its own efficiency sequence, which depends 
among other things on the subcohort�s useful life Ti� (Hulten 1990, p.125) 

252. The average age-efficiency profile for the cohort (or equivalently, the combined age-
efficiency/retirement profile) is then obtained as a weighted average of the efficiency of each profile for a 
particular age, with the survival probability as weights. This is shown graphically in Figure 8. The figure 
shows four linear age-efficiency profiles, with service lives of 2, 5, 10 and 16 years. The figure also shows 
the age-efficiency/retirement profile for the cohort as a whole, derived as a probability-weighted average of 
the age-efficiency values for each profile and each point in the service life.     

Figure 8. Age-efficiency/retirement profile for a cohort 
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253. Algebraically, the procedure translates as follows: let 1≤{g0, g1, �gT}≤0 be the age-efficiency 
function of a single asset with service life T, and let the combined age-efficiency/retirement function be 
1≤{h0, h1, �hTMAX}≤0 for the cohort as a whole: 

(17)  ∑ =
=

TMAX

nT Tnn F)T(gh  ; n = 0, 1,�Tmax. 

254. In equation (17), Tmax is the maximum service life considered in the cohort. FT, in line with the 
notation in the previous section, stands for the marginal probability of retirement at age T (or at the age-
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interval T).  By way of numerical example, the procedure is shown in Table 16. The first column in the 
table shows the marginal probability of retirement after T years, based on a log-normal retirement function. 
The highest probability of retirement in the cohort is at the age of 9 years and the distribution has been cut 
off at TMAX=17. The first line of the table shows a simple linear age-efficiency profile for a single asset, 
defined � by way of example - for Tmax. The second line delivers hn, the result of the calculation. Each hn is 
the sum of the column below and each element in the column is a probability-weighted age-efficiency 
value for age n of a family of age-efficiency functions in the cohort. For example, the fifth element in the 
column h1 is obtained by multiplying two elements: (i) the age-efficiency of a one year old asset with 
expected service life of 5 years g1(5)=1-1/5=4/5 by (ii) the probability of a retirement age of 5 years = 
1.65%. The multiplication yields 4*0.0165/5=0.013.   

Table 16. Integrated age-efficiency/retirement function 

0.938 0.875 0.813 0.750 0.688 0.625 0.563 0.500 0.438 0.375 0.313 0.250 0.188 0.125 0.063 0.000

0.889 0.778 0.667 0.557 0.448 0.342 0.243 0.158 0.091 0.046 0.020 0.007 0.002 0.000 0.000 0.000

n--> 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
T

0.0000 1 0.000
0.0002 2 0.000 0.000
0.0011 3 0.001 0.000 0.000
0.0049 4 0.004 0.002 0.001 0.000
0.0165 5 0.013 0.010 0.007 0.003 0.000
0.0441 6 0.037 0.029 0.022 0.015 0.007 0.000
0.0918 7 0.079 0.066 0.052 0.039 0.026 0.013 0.000
0.1499 8 0.131 0.112 0.094 0.075 0.056 0.037 0.019 0.000
0.1915 9 0.170 0.149 0.128 0.106 0.085 0.064 0.043 0.021 0.000
0.1915 10 0.172 0.153 0.134 0.115 0.096 0.077 0.057 0.038 0.019 0.000
0.1499 11 0.136 0.123 0.109 0.095 0.082 0.068 0.055 0.041 0.027 0.014 0.000
0.0918 12 0.084 0.077 0.069 0.061 0.054 0.046 0.038 0.031 0.023 0.015 0.008 0.000
0.0441 13 0.041 0.037 0.034 0.031 0.027 0.024 0.020 0.017 0.014 0.010 0.007 0.003 0.000
0.0165 14 0.015 0.014 0.013 0.012 0.011 0.009 0.008 0.007 0.006 0.005 0.004 0.002 0.001 0.000
0.0049 15 0.005 0.004 0.004 0.004 0.003 0.003 0.003 0.002 0.002 0.002 0.001 0.001 0.001 0.000 0.000
0.0011 16 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.0002 17 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Marginal 
probability

)T/n1()T(gn −=

→nh

→ng

 

255. The procedure described above implies, for example, that after two years, an asset with a five-
year service life exhibits a different efficiency than an asset with an eight-year service life. This is reflected 
by the different shapes of the asset-specific age-efficiency functions in Figure 8. An alternative way of 
combining age-efficiency and retirement functions is to assume that until an asset retires, it exhibits the 
same age-efficiency. Under this assumption, the combined age-efficiency/retirement pattern would be 
given by the expression in equation (18). The term in brackets is the cumulative probability of survival 
after n periods. Thus, the age-efficiency function gn defined over the maximum service life is written down 
by the probability of survival. 

(18)  )F1(gh~ n

0T nnn ∑ =
−=  ; n = 0, 1,�Tmax. 

256. This method has, for example, been used by the OECD for its capital services estimates 
(Schreyer et al. 2003). Its main advantage is simplicity of implementation. Statistical offices, for example 
the Australian Bureau of Statistics, have opted for the first method, as described by equation (17). Figure 9 
compares the resulting profiles. Whatever the choice, however, it is clear that linear age-efficiency 
functions for a single asset do not translate into linear age-efficiency functions for the cohort as a whole. 
The combined age-efficiency/retirement function always exhibits a more or less convex form.  

257. When the implementation of capital measures starts from an age-price or depreciation profile, 
exactly the same procedure can be applied: age-price functions for a single asset are combined with 
retirement functions to yield an age-price function for the cohort as a whole (which is then used to derive 
consistent age-efficiency profiles). By the same argument as above, the age-price function for a cohort will 
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best be described by a convex shape, and a simple geometric depreciation pattern may be a very reasonable 
choice, because it tends to be supported empirically and because it facilitates implementation immensely.  

Figure 9. Age-efficiency/retirement profile for a cohort � alternative methods 
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14 GROSS FIXED CAPITAL FORMATION 

258. Whatever the specific way of implementing measures of capital services and capital stocks, one 
of the key ingredients is investment data. Investment data should be broken down by type of asset and by 
economic activity. The level of disaggregation should be as detailed as the data allows and distinguish in 
particular those capital goods whose purchase prices follow different trends. Likewise, the industry break-
down is important if it is believed that asset compositions vary greatly between industries and/or different 
industries face different depreciation rates, required rates of return and purchase prices of capital goods. 

259. The time series of current-price gross fixed capital formation (GFCF) data are deflated by the 
appropriate investment price index.  The investment price index should be a constant-quality price index. 
By applying it to investment series at historical prices, they are converted to a sequence of comparable 
volume estimates of investment, approximately expressed in efficiency units of the year to which the 
investment price index is referenced. Typically, these are the efficiency units of the latest vintage. This is 
important because it implies that the volumes of past investment (initially expressed as physical units of 
the respective vintage) have now been converted into units of the latest vintage. An improvement in the 
quality in the class of assets is therefore treated as an increase in the volume measures of investment. 

260. GFCF is defined as the acquisition, less disposals, of fixed assets plus major improvements to, 
and transfer costs on, land and other non-produced assets. The assets acquired may be new or they may be 
used assets that are traded on second-hand markets. The assets disposed of may be sold for continued use 
by another economic unit, they may be simply abandoned by the owner or they may be sold as scrap and 
be broken down into reusable components, recoverable materials, or waste products. 

261. An important aspect of capital formation concerns improvements to existing assets, concerning in 
particular dwellings and land: 

�Gross fixed capital formation may take the form of improvements to existing fixed assets, such 
as buildings or computer software that increase their productive capacity, extend their service 
lives, or both. By definition, such gross fixed capital formation does not lead to the creation of 
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new assets that can be separately identified and valued, but to an increase in the value of the 
asset that has been improved. A different treatment is applied to improvements to land in its 
natural state. In this case the improvements are treated as the creation of a new fixed asset and 
are not regarded as giving rise to an increase in the value of the natural resource. If land, once 
improved, is further improved, then the normal treatment of improvements to existing fixed assets 
applies. The distinction between which ordinary maintenance and repairs constitute intermediate 
consumption and which are treated as capital formation is not clear cut.� (Revised SNA, 
paragraphs 10.40/41).  

262. Assets acquired (or improvements carried out) are valued at purchasers� prices which include all 
transport and installation charges as well as all costs incurred in the transfer of ownership in the form of 
fees paid to surveyors, engineers, architects etc. and any taxes payable on the transfer. Generally, the 
national accounts treat costs of ownership transfer of assets as GFCF. The rationale is that ownership 
transfer costs constitute an element of cost that purchasers of assets take into account in their investment 
decision. Put differently, the value of an asset to its owner has to reflect these costs.     

263. Furthermore, in line with practice in statistical offices, flows of investment are considered to be 
spread evenly throughout accounting periods. In the model presented in Part III of the Manual, this idea is 
captured by the assumption that investment takes place at mid-period. 

15 COMPUTING NET, GROSS AND PRODUCTIVE CAPITAL STOCKS AND 
DEPRECIATION 

264. At this point, the following elements should be available: an age-price and an age-efficiency 
profile for cohorts of particular types of assets; a depreciation profile which constitutes a direct 
transformation of the age-price profile and time series of gross fixed capital formation at constant prices as 
well as the corresponding deflators. With these elements in hand, the computation of the net stock, the 
value of depreciation, the productive and the gross capital stock is relatively straight forward. The formulae 
for calculation shown below reflect national accounts conventions. For example, the latest vintage of 
investment that enters the net stock at the beginning of year t, is the investment that took place during 
period t-1, and which on average will be half a year old by the beginning of year t. Thus, the depreciation 
rate or age-price ratio for a half year old asset applies. For further details concerning the derivation of the 
individual formulae, the reader is referred to Chapter 19 of this Manual. For convenience, we re-state the 
definition of the variables used below: 

15.1 Depreciation (consumption of fixed capital) 

! Age-price profile defined over prices of assets of different age n: 
 
ψn  = Pn

tB/P0
tB = Pn

tE/P0
tE   n=0.5; 1.5; 2.5;� 

! Depreciation profile {δn} derived from age-price profile {ψn}: 
 
δn  = 1 - Pn+1

tB/Pn
tB  = 1 - ψn+1/ψn  n=0.5; 1.5; 2.5;� 

! Age-price profile derived from depreciation profile: 
 
ψn  = (1- δn-1)(1- δn-2)�(1- δ0/2);   n=1.5; 2.5;� 
ψ0.5  = 1- δ0/2 
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! Value of depreciation at current average prices of period t: 
 
General profile:  Dt      = P0

t [(1-ψ 0.5) It + (ψ0.5- ψ1.5) It-1 + (ψ1.5- ψ2.5) It-2 +�] 
Geometric profile: Dt (geometric)  = P0

t δ[It/2 + WtB] 

! Price index of depreciation: P0
t/P0

t0 where t0 is a base or reference year 

15.2 Net capital stocks  

! Net capital stock at the beginning of period t, expressed in prices of a reference year, WtB: 
 
General profile:  WtB    = ψ0.5 It-1 + ψ1.5 It-2 + ψ2.5 It-3 + � 
Geometric profile: WtB(geometric) = (1-δ/2)[It-1 + (1-δ)It-2 + (1-δ)2It-3 + �]  

! Net capital stock at the end of period t, expressed in prices of a reference year, WtE: 
 
General profile:  WtE     = ψ0.5 It + ψ1.5 It-1 + ψ2.5 It-2 + � 
Geometric profile: WtE(geometric)  = (1-δ/2)[It + (1-δ)It-1 + (1-δ)2It-2 + �] 

! Stock-flow relation for geometric profile: 
 
WtE = WtB + It � δ(It/2+WtB) 

! Average net capital stock of period t expressed in prices of a reference year, Wt: 
 
Wt = (WtB+WtE)/2 

15.3 Productive stocks  

! Productive stock at mid-period t expressed in prices of a reference year, Kt: 
 
General profile:  Kt      = It/2 + h0.5It-1 + h1.5It-2 + h2.5It-3 +�   
Geometric profile: Kt(geometric)  = It/2+WtB(geometric) 

15.4 Gross capital stocks  

! Gross capital stock at the beginning of period t expressed in prices of a reference year, GtB: 
 
General profile:  GtB     = It/2 + j0.5It-1 + j1.5It-2 + j2.5It-3 +�   
Geometric profile: not defined (the geometric profile combines age-efficiency and retirement 
functions and the retirement function which is required to compute the gross capital stock, cannot 
be separated out) 

15.5 Estimating an initial capital stock in the absence of full time series of investment 

265. The preceding formulae assume that a sufficiently long time series of investment data is available 
for each asset. For long-lived capital goods, this may not be the case as the longest living assets, usually 
structures, may have service lives in excess of 100 years. There are several ways to deal with this situation. 
The first possibility consists of estimating time series of investment, for example by establishing an 
econometric relationship between GDP and investment based on existing observations. This relationship 
can then be applied to historical GDP data (provided these are available) to generate estimates of time 
series of investment. 
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266. Another possibility is to construct a benchmark estimate on the basis of other sources than long 
investment series. Possible sources for benchmark estimates include:  

• Wealth surveys 

• Population censuses 

• Fire insurance records 

• Company accounts 

• Administrative property records 

• Share valuations. 

267. Specific surveys of capital goods are a direct way of obtaining information on assets. National 
wealth surveys (for example in Japan) register the quantity of existing assets. Because, by definition, 
existing assets are assets that have survived, a direct wealth survey dispenses from making assumptions 
about survival or retirement patterns. Population census records usually provide information on the 
numbers of dwellings of different types. Estimated values will have to be assigned to the various types of 
dwellings identified in the Census records. Fire insurance records normally give the net values of assets at 
current prices and will have to be adjusted to gross valuation. They are incomplete because small 
companies may not insure their assets at all and very large enterprises and government bodies often prefer 
to bear the risks themselves and so will also be excluded from fire insurance records. Company accounts 
give asset values at depreciated historic costs and will need adjusting both to express them in prices of a 
single reference year and to �as new� values. An additional problem is that they are only available for the 
corporate sector. Administrative property records typically record residential and commercial buildings 
at values which purport to be current market prices but which are usually historic prices that are revalued 
to current prices at irregular intervals. The share valuation of a company�s fixed assets can be obtained by 
multiplying the number of shares issued by a company by the share price and subtracting financial assets 
net of liabilities. The resulting values should reflect the current market values of the company�s fixed 
capital assets but the valuation will also be affected by various unquantifiable factors such as �good-will�, 
differences in entrepreneurial skill and the general business climate. In addition, this approach can only be 
used in countries with active stock markets and then will only provide valuations for corporate enterprises 
whose shares are quoted on stock exchanges. 

268. It is clear that a bench-mark estimate based on any of these sources will be highly approximate 
but the importance of errors introduced into the stock figures will diminish over time as the base period is 
left further behind. 

269. A simple approximation (Kohli 1982) can be used in particular when geometric age-efficiency or 
age-price profiles apply. In this case, the productive (or net) stock at the beginning of the benchmark year 
t0 can approximately be written as the cumulative, depreciated investment of previous years: 

(19)  Wt0 (geometric) ≈  [It0-1 + (1-δ)It0-2 + (1-δ)2It0-3 + �] 

270. Next, make a plausible assumption about the long-run growth of volume of investment � the 
simplest possibility may be to set it equal to the long-run growth rate of volume GDP for which there may 
be empirical estimates, and call this long-run growth rate θ. By assumption, one has It=It-1(1+θ). This 
relation can be inserted into the expression above for the initial capital stock: 

(20)  [It0-1 + (1-δ)It0-2 + (1-δ)2It0-3 + �]  = It0-1[1 + (1-δ)(1+θ) + (1-δ)2(1+θ)2 + �] 
           = It0-1(1+θ)/( δ+ θ) 
           = It0/( δ+ θ). 
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271. It is now possible to approximate the initial capital stock at the beginning of period t0 by the 
product of the level of investment expenditure in period t0 (the first period for which there is information 
on investment expenditure) and a combination of parameters of longer-term investment or GDP growth 
and depreciation. 

15.6 Chain indices for gross fixed capital formation and the perpetual inventory method 

272. A central feature of the perpetual inventory method is that flows of investment from different 
periods are aggregated, after adjustment for depreciation and retirement. Aggregation consists of adding up 
the so-adjusted measures of capital formation. Consistent addition is, however, only possible if every 
investment flow is valued with the same price vector of a base year. In practice, volume measures in many 
countries� national accounts are expressed in prices of the preceding year. Addition of volume measures 
requires re-referencing them with regard to a particular year, thus expressing them in �chained dollars� or 
�chained euros� of the reference year. Two questions have been raised by the German Federal Statistical 
Office (Schmalwasser 2002) in this context: 

• Capital stocks in balance sheets should be valued at the prices of point in time to which the 
balance sheet relates. The question is whether ��the use of a capital formation series which are 
linked by chaining to a reference year (re-referencing) does not meet the requirement of the 
valuation at the purchasers' prices of the current period, because the price trend is only 
correctly represented by way of a direct comparison with the previous year, but not with the 
reference year. In contrast, on a fixed price base, the price trend between the current year and 
the base year for prices is represented exactly, whereas, the price trend in the previous year's 
comparison can be ascertained only to a limited extent owing to the changing weighting�   

• Volume measures that are expressed in �chained dollars� are not additive: chained dollar values 
of higher-level aggregates are not in general the sum of chained dollar values of lower-level 
aggregates. The question was posed �How can consistency be checked in the light of the 
multidimensionality of the calculations of the consumption of fixed capital and the calculations 
of the fixed capital by asset types, industry, sector and market and non-market producers, if there 
is no additivity across the various dimensions?� 

273. These questions deserve further discussion. A first point is of a general nature regarding fixed 
and chain price or volume indices. While it is correct that chain price indices make no direct comparison of 
prices between non-adjacent periods, this is also the case � to a certain extent � in the practice of fixed base 
price indices. When fixed based indices20 were used in the past, re-basing typically meant linking indices at 
5 or 10-year intervals rather than constructing a complete new time series on the basis of one single base 
year. The reason for this has been one of practicality. It reflects the fact that in a world where products 
change continuously, it is often impossible to make direct comparisons over several years because products 
have ceased to exist. Thus, a first conclusion might be that even under a �fixed base� approach, there is an 
element of indirect comparison by simple necessity. 

274. A second point concerns the level of aggregation at which the perpetual inventory method is put 
in place. There is no doubt that in the presence of chain indices, the resulting capital measure depends on 
the level of aggregation from which the perpetual inventory method has been built up. The general rule is 
that a lower level of aggregation is preferable to a higher level of aggregation. The more detailed the asset 
classification that constitutes the starting point for revaluating investment series, the less important the 

 
20  As a technical aside it may be mentioned that fixed-base Laspeyres volume indices require Paasche price indice 

that directly compare prices between the base period and the reporting period. In practice, price indices are 
computed on the basis of a Laspeyres-type formula. 
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issue although, for reasons mentioned above, there are limits to disaggregation. At the lowest level of 
aggregation, volume series are expressed in chained dollars of the date to which the balance sheet relates. 
Age-price and retirement profiles are applied and the resulting adjusted time series of investment are 
simply added up across vintages, industries or sectors. No issue of non-additivity arises unless the same 
operation is conducted at a higher level of aggregation. But there is little reason to do this given that the 
lowest level of aggregation available is normally to be preferred over a higher level of aggregation. 

275. A second conclusion would thus be that the careful preparation of detailed investment series is 
key to the quality of the resulting capital stock measures. When the Netherlands reviewed its capital 
measurement programme, van den Bergen, de Haan, de Heij and Horsten, (2005) reported that 

�A substantial amount of work in this project concerned the recovery of original source data on 
investments. The first year covered in the investment time series in current and constant (t-1) 
prices is 1953. The time series were constructed at the level of 57 industry branches, 20 asset 
types and 18 institutional (sub)sectors� (page 7). 

276. A third point is that the above discussion related to levels of capital stocks for balance sheets. 
This is but one purpose of capital measurement. For other purposes, dollar levels of capital stocks are of 
secondary if any interest. For example, for productive stocks, their rate of change is of interest, not their 
level because the rate of change describes the flow of capital input into production. As explained elsewhere 
in this Manual, such a rate of change should be based on a superlative or at least chained index number 
formula21. 

16 ESTIMATING RATES OF RETURN 

277. Part I of this Manual (Section 8.3) discussed the conceptual foundations for the computation of 
rates of return. Two main approaches (ex-post, endogenous rates and ex-ante, exogenous rates) can be 
found in the literature, each with its advantages and drawbacks. The Section at hand will provide more 
details for all three avenues towards measuring the rate of return. 

16.1 Rates of return for market producers 

16.1.1 Endogenous, ex-post rates of return 

278. As explained in Section 8.3.1, the endogenous, ex-post approach is the most frequently used 
method in empirical applications of capital measurement. It consists in computing the period-by-period ex-
post rate of return, on the basis of information about non-labour income, depreciation and real holding 
gains or losses for the market sector. When the necessary information is available, these computations may 
be carried out at the level of individual industries. Non-labour income consists of gross operating surplus 
as available from the national accounts and the part of mixed income that can be attributed to capital22 (Gt). 
Capital-related taxes TK

t are discussed further in Section 18.4.1.  

 
21  If only flows are of interest, even the aggregation across vintages can proceed with more general index number 

formulae than simple addition (Diewert and Lawrence 2000) although this has rarely been put in place in practice. 
22 Splitting mixed income into a labour and capital element is not easy. It is difficult to put a value on the labour of a 

self-employed person. Probably the most frequently-used approach (but not necessarily the most satisfactory) is to 
assume that wages of self-employed persons and unpaid family members equal the average wage of employed 
persons. The part of mixed income that remains after the imputed compensation for the labour of the self-
employed has been accounted for is the remuneration of capital. 
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279.  Splitting mixed income of unincorporated businesses owned by households into a labour and 
capital element is not easy. It is sometimes difficult to put a value on the labour of a self-employed person, 
or alternatively, to put a value on the capital services part of mixed income. Probably the most frequently-
used approach (but not necessarily the most satisfactory) is to assume that wages of self-employed persons 
and unpaid family members equal the average wage of employed persons. The part of mixed income that 
remains after the imputed compensation for the labour of the self-employed has been accounted for is the 
remuneration of capital. A more elaborate version of this approach is to use information on skills and 
experience of self-employed persons and compute a wage rate for a comparable set of skills that is 
observable on the labour market. Alternatively, if the stock of assets in use by unincorporated businesses is 
known, the value of capital services can be calculated and the labour share of mixed income falls out as a 
residual23. 

280. The endogenous, ex-post rate of return for every period is computed by equating Gt plus capital 
related taxes on production to the total user costs of capital Ut. How Ut has been derived is shown in Part 
III of this Manual. For the purpose at hand, it suffices to remind the reader that in the expression below, r* 
is the real rate of return that applies at the beginning of period t and which will be computed, ii* is the ex-
post, real rate of asset price inflation for asset k during period t; P0

k,tBKk,t is the productive capital stock of 
asset k during period t, valued at beginning of the period prices P0

k,tB; δk is the rate of depreciation for a 
new asset k; ρt is the rate of change of the consumer price index at the beginning of period t. By setting 
Gt+TK

t to equal the total value of user costs and noting that all variables are known except for the rate of 
return, it is possible to compute rt*. For the present exposition, we have assumed a geometric depreciation 
profile to simplify notation. However, the reasoning carries directly over to the non-geometric case, and is 
laid out in Part III of this Manual. 

(21) Gt+TK
t = ∑k=1

N P0
k,tB(1+ρt) [rt* + δk(1+ik,t*

 ) � ik;t*
 ]Kk,t 

281. Expression (21) constitutes the most widely-used approach towards estimating the rate of return, 
although computations have typically been based on the (equivalent) user cost formulation with nominal 
rates of return and a nominal term for holding gains or losses: see for example Jorgenson (1995), or 
Jorgenson and Landefeld (2006).  

282. In the case of geometric depreciation, the computation of the rate of return can be given a direct 
useful interpretation: the nominal ex-post, endogenous rate of return corresponds to the ratio between net 
operating surplus Nt plus capital-related taxes on production plus revaluation of assets Rt divided by the 
value of the productive capital stock. Net operating surplus has been computed as the difference between 
gross operating surplus (including the capital part of mixed income) Gt minus depreciation Dt. Under 
geometric depreciation, these terms are defined in such a way (see Part III of the Manual) that (22) follows 
directly from (21).   

(22) 
t,kN

k
tB,k

tt
K

t
t

KP
RTNr

∑ =

++
=

1 0

. 

283. This is an intuitively appealing calculation of the rate of return: net operating surplus constitute 
the proceeds from business operations to which revaluation gains are added and losses deducted to obtain a 
�net rate of return� before payment of capital-related taxes. Subtracting the general rate of inflation ρt from 
rt and dividing by (1+ ρt) yields the real rate of return rt* that corresponds to rt. 

 
23  This requires an exogenous rate of return for unincorporated businesses; otherwise one runs into an issue of 

simultaneity: in the case of an endogenous rate calculation, the capital share of mixed income is an input to the 
computation of the rate of return. Thus, the latter cannot be used to needed to compute the capital share first.  
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284. It was already mentioned that an empirical drawback of the ex-post exogenous method is the 
possibility of negative prices of capital services for certain assets that experience relatively large increases 
in asset prices. Because negative capital services prices make aggregation procedures with standard index 
number formulae impossible, ad-hoc adjustments have to be carried out for those years and industries 
where capital service prices turn out to be negative numbers. 

285. The simplified version of the ex-post approach builds on the concept of �balancing real rates� (see 
Box 9). The main simplifying assumption is that the real revaluation of assets is set to zero24. The real rate  
rt** in the simplified method exactly exhausts capital income as measured in the national accounts: 

(23) Gt+TK
t = ∑k=1

N P0
k,tB(1+ρt) [rt** + δk

 ]Kk,t 

286. For each asset one obtains a fairly simple expression for the price of capital services, P0
k,tB(1+ρt) 

[rt**+δk] which is the basis for constant price measures and volume indices of capital services. By 
construction, the total value of capital services across assets equals ex-post capital income Gt+TK

t.  

Box 9. �Balancing real rates� of return for Japan 

Japan constitutes an interesting showcase for the computation of user costs and rates of return: the Japanese economy 
experienced strong growth for several decades after the Second World War but there was also a pronounced and extended slow-
down starting at beginning of the 1990s. Finally, the Japanese market for land has undergone enormous swings with all signs of 
a bubble market for a lengthy period of time. These factors combined make Japan not only an interest economy to study but 
they also pose challenges for the measurement of economic growth.  

In an unpublished paper Diewert, Mizobuchi and Nomura (2005) develop a set of data for Japan and compute a balancing 
real rate of return for the Japanese market sector. They do so be setting real holding gains iit* in an equation similar to (21) to 
equal zero and then solve for rt*. They reason that if they use ��actual ex post inflation rates, we will almost certainly generate 
user costs which are negative for some years, which is not sensible in our context since we want our user costs to closely 
approximate market rental rates for the assets and these rates would not be negative.  Even if we estimate [price changes] by 
smoothing the ex post values for these variables or using a forecasting model, with Japanese data, we will inevitably generate 
some negative user costs for land components, due to the very rapid land price inflation that occurred in Japan during the 
1980�s�. With the balancing real rate, they find that:   

��the average ex post real rate of return over the entire sample period was 2.152% per year, which is not an unusual real 
rate of return by international standards when inventory and land stocks are included in the asset base.  However, there are some 
interesting trends in the ex post real rates of return.  The average ex post real rate up to the first oil shock (the years 1955-1973) 
was a relatively high 5.096% per year.  For the years 1974-1979 (these are the years between the two oil shocks), the average 
real rate of return fell to 0.747% per year.  For the bubble years, 1980-1990, the real rate of return remained rather low; it 
averaged 0.718% per year.  However, for the post bubble years 1991-2003, the ex post real rate of return fell to a negative rate: 
−0.287% per year on average. 

It is not plausible that producers could anticipate the quite variable balancing real interest rates, and then use these interest 
rates in setting their annual rental prices for fixed assets.  However, they may be able to anticipate the trend in this series.� 

16.1.2 Exogenous, ex-ante rates of return 

287. As explained in Section 8.3.1, an alternative to the endogenous model above is to choose an 
extraneous, ex-ante rate of return, for example as an average of different interest rates that prevail in 

 
24  Note that there is one particular asset, land, for which it is always recommended to set real holding gains to zero 

or to some long-run value rather than using the ex-post movements of real land prices. The reason � further 
discussed in Section 18.1 � is that land markets are often subject to bubbles and bursts which, by definition, 
incorporate an element of irrational behaviour but also risk-taking on the side of economic actors. The standard 
equilibrium condition which predicates that the price of an asset reflects the discounted value of future benefits 
from using the asset, is unlikely to hold on such markets and expectations in a context of speculative behaviour 
are nearly impossible to gauge on the basis of ex-post observations. Thus, there are both practical and conceptual 
reasons to stay away from estimating asset-specific expected holding gains in the case of land. 
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financial markets. It is preferable to operate with a real rate for this purpose as real rates are independent 
from overall rates of inflation and tend to show less volatility. As an ex-ante measure, it will be necessary 
to smooth the time series of observed real rates because it is implausible that economic actors fully 
anticipate every movement of market interest rates. In many cases, a simple long-run average will be 
sufficient unless there is a marked trend in the time series of real rates. Work at the OECD where 
exogenous real rates have been used for capital services measurement at the total economy level showed 
that in the 18 countries examined, long-run averages of real interest rates oscillated around values between 
3 and 5 percent per year, depending on the country.   

288. The real rate of return expected at the beginning of period t (call it r(tB)
*) is then combined with an 

expression for the expected rate of real holding gains or losses for asset type k, i(tB)
k*. The latter is based on 

the time series of ex-post rates of real asset price changes, ikt*. Unless there is a marked trend in the ex-post 
series, as may be the case for high-tech equipment, setting the ex-ante real asset price change to equal zero 
is a plausible way of dealing with the issue. This includes the case of bubble markets (such as land) that are 
discussed further below. Expression (21) also includes ρt, the rate of change of a general price index such 
as the consumer price index. For the ex-ante version, it has to be replaced by the trend rate of the CPI, ρ(tB). 

289. Inserting the expected rates r(tB)
*, i(tB)

k* and ρ(tB) into the user cost expression, summing up across 
assets and factoring in capital-related taxes on production TK

t yields a dollar value G(tB)+TK
t the expected 

remuneration of capital for the accounting period t.  

(24) G(tB)+TK
t = ∑k=1

N P0
k,tB(1+ρ(tB)) [r(tB)

* + δk(1+i(tB)
k*

 ) � i(tB)
k*

 ]Kk,t. 

290. When the market sector has been broken down by economic activity, the rate of return becomes 
industry-specific and the remuneration G(tB) should be computed for every industry although it may not 
always be obvious to measure industry-specific rates of return on financial markets. To obtain an average 
real rate of return for the market sector, a weighted average of industry-specific rates of return is 
constructed. A natural weight for this measure is each industry�s share in the total value of the net stock of 
the market sector.  

291. Inherent in the ex-ante approach is the fact that G(tB)+TK
t the computed remuneration of capital 

services is not in general equal to Gt+TK
t, the ex-post remuneration as identifiable in the generation of 

income account of the national accounts. This issue is further discussed in the next Section because it also 
arises for the simplified approach towards measuring the rate of return that is presented next. 

292. There are at least two situations when the exogenous approach towards measuring rates of return 
is a useful choice. First, when the stock of assets considered is incomplete in the sense that important 
sources of capital services are not part of the computed stock. The most probable candidate for such 
omissions is land for which information may not be available or at least not with reliable quality. In this 
case, an endogenous rate of return can be upward biased because non-labour income is put in relation to an 
under-valued capital stock. Second, when no empirical distinction can be made between the market sector 
and the government sector, computations with an endogenous approach will imply a downward bias of the 
rate of return because there is no net operating surplus for government assets so that the market sector�s 
operating surplus will be brought into relation with an asset base that comprises assets in the total economy 
and is therefore too big. 
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Figure 10. Rates of return for different scope of assets in Japan 
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Source: Nomura (2004).  

293. To illustrate the point and to show the impact of a change in the scope of assets, consider Figure 
10. It shows the exogenous, nominal rate of return computed on the basis of fixed assets and on the basis of 
fixed assets plus land and inventories for a 40-year period for Japan. During three decades, the differences 
in the resulting rates of return are relatively contained. However, during the 1990s, a gap emerges between 
the two series � the rate based on fixed assets remains higher than the rate based on the more complete 
asset base. Thus, the choice of the asset base can make a difference to results and an incomplete asset base 
can give rise to an overstatement of the rate of return when the endogenous method is applied25. Under 
these circumstances, an exogenous real rate of return may be the appropriate choice. For its estimation, one 
would typically turn to interest rates on financial markets and select an average of key rates that bear a link 
to the opportunity costs of investing in non-financial assets. Candidates for interest rates are government 
bonds, corporate bonds and interest rates on corporate debt of varying maturity.  

294. Period-to-period interest rates tend to be volatile and user costs based on ex-post market interest 
rates are likely to generate more volatile user costs than an ex-ante measure. This practical consideration 
favours the use of an ex-ante or trend, exogenous rate of return rather than an ex-post exogenous rate. 

16.1.3 Ex-post and ex-ante income of capital for the market sector 

295. In general, the sum of user costs computed with the ex-ante rate of return does not equal the ex-
post level of non-labour income Gt+TK

t as shown in the national accounts. The existence of such a 
difference is not in itself problematic because it reflects differences between an ex-post figure and an ex-
ante calculation and can give rise to interesting analytical explanations (evidence of windfall profits or 
losses, return to unobserved private assets, economies of scale). There is thus a difference in the usage of 
the two results which are relevant for different analytical questions. 

296. For statements about the ex-post distribution of income between labour and capital, ex-post 
figures from the national accounts are the relevant variable so that the capital share in income corresponds 
 
25. The nominal rate of return with the complete asset base is negative in the case of Japan during the 1990s. This 

reflects the specific situation during this period with declining land prices and deflationary expectations and as 
such this result has an analytical use. But it is more difficult to interpret a negative rate of return in the context of 
user costs, i.e., as a component in the price that a user-owner computes when deciding on whether or not to use the 
asset in production.  



 STD/CSTAT/WPNA(2007)2 

 89

to the share of non-labour income to total income. For the measurement of volume indices of capital 
services, ex-ante shares of each asset in total ex-ante capital income would seem more appropriate. The 
reason is that ex-ante capital shares are a better approximation to the parameters26 of the underlying 
production function that one wishes to capture27. 

297. In the case of ex-ante capital income measures that deviate from the ex-post data, how should the 
discrepancy be dealt with in an accounting framework? 

• For current-price values in conjunction with the generation of income account in the SNA, the 
following break-down can be envisioned for market producers: 

 
Gross value added = Labour Capital 

Compensation of employees   
+Other net taxes on 
production  

Net taxes on production  
concerning labour 

Net taxes on production  
concerning capital 

+Gross operating surplus  Gross operating surplus 
+Gross mixed income +Labour part of gross mixed 

income 
Capital part of gross 
mixed income 

 = Labour income, ex-post = Capital income, ex-post 
  Ex-ante value of capital 

services 
   Asset type 1 
   Asset type 2 
   : 
   Asset type N 
  Residual profits or losses 

• For constant-price values, the ex-ante value of capital services would be shown in prices of a 
reference period t0, where the price (index) of capital services, P0

k,t0B(1+ρt0) [rt0**+δk], comes into 
play. Summed over assets, this yields the value of capital services in prices of a reference year. 
No constant price value would be shown for the residual profits, or for the individual items net 
taxes, gross operating surplus and capital part of gross mixed income. Residual profits, by their 
nature, do not lend themselves easily to a price-volume split. 

• The above treatment gives rise to two types of implicit price indices for capital services: (i) an 
ex-ante price index that corresponds to the ratio between the ex-ante value of capital services at 
current prices divided by the ex-ante value of capital services at constant prices; (ii) an ex-post 
price index obtained by dividing the ex-post value of capital services at current prices by the ex-
ante values of capital services at constant prices. In the latter case, a residual profit or loss would 
translate into a price effect � in the presence of residual profits, this implicit price index would 
show a larger value than the corresponding ex-ante price index. 

 
26. In a volume index of combined labour and capital inputs, labour and capital shares are used to approximate the 

output elasticities of labour and capital that characterise the production process. Output elasticities show the 
percentage increase in output if a particular input rises by one percent. See Balk (1998) for a rigorous presentation 
of input quantity indices and see OECD (2001a) for a discussion of input indices for productivity measurement. 

27 Oulton (2007) on the other hand, suggests that capital and labour shares in volume indices of inputs be measured 
ex-post even if the volume measure of capital itself is based on ex-ante shares of each asset. 



STD/CSTAT/WPNA(2007)2 

 90

16.2 Rate of return for the household sector 

298. The household real rate of return rH,t* is best chosen so as to correspond to the explicit or implicit 
rate of return associated with owner-occupied housing - see Section 8.3 for a discussion of concepts - more 
on the practice of measuring owner-occupied dwellings is discussed in Section 18.1.2. In the absence of 
such information, the social rate of time preference (Section 16.3.2) constitutes a practicable alternative. 

16.3 Rate of return for the government sector 

299. Section 8.3 concluded that, for analytical purposes, it is useful to impute a positive rate for the 
cost of capital assets held by the government sector, with a view to capturing the opportunity costs of 
government investment. The System of National Accounts has adopted the convention of a zero rate of 
return for government assets to zero, but for analytical studies it is often desirable to recognise a positive 
rate of return. An example for such work is Mas et al. (2006) who examine the role of infrastructure 
capital, largely held by government entities, for economic growth in Spain. If a positive rate for the cost of 
capital is imputed, it is recommended that the rate of return for the government sector be consistent in 
concept with the rate of return to the private sector. Thus, if an ex-ante approach has been followed for the 
market sector as described above, an ex-ante approach should be chosen for government.  

300. The scope of assets belonging to government is often large and includes produced and non-
produced assets. For example, natural resources are often government-owned and can account for an 
important part in the total wealth of the public sector. In principle, all assets that are used in a production 
process should be considered as sources of capital services and hence as candidates for which a return 
should be recognised in an accounting framework. However, there are tremendous practical difficulties in 
measuring the value and the return to all assets, and in particular to certain non-produced assets such as 
subsoil assets or natural resources. A pragmatic approach is then to limit the scope of government assets 
for which a net return is estimated, to produced assets plus land associated with structures. All other non-
produced assets would therefore be disregarded in the computation of the real rate of return. The next two 
sub-sections discuss in greater detail the options for calculating a rate of return for government, depending 
on the detail and extent of the available empirical information. 

16.3.1 Full information on rates of return for the market and the household sector available 

301. The first data point for an estimate of the net return to government assets is the net stock of the 
relevant assets or more generally, the time series of investment in the various assets. In principle � though 
not always in practice � this information is a prerequisite to the calculation of depreciation on government 
assets which has been in place in the national accounts for some time.  

302. Although it could be argued that an asset-specific real rate of return should be used for 
government assets, it is simpler to employ a single real rate of return rG,t*. This can be justified by an 
opportunity cost argument (investment by the private sector or consumption by households would not 
necessarily have been in the same type of asset as the government investment � see Section 8.3). Given the 
required information, the government rate of return is then measured as a weighted average of the rates of 
return of the market sector rt*and of the household sector rH,t*. θ is a longer-term or trend value of the 
market sector�s share in the total value of assets between the market and the household sector.  

(25) rG,t* = θrt* + (1-θ)rH,t* 

303. How the real rate of return to the market sector can be derived has been described above. If the 
market sector is further broken down, for example into financial and non-financial corporations or if there 
is a cross-classification by industry, the rate of return to the market sector is a weighted average of the rates 
of return by sub-sector or by industry. 
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304.  The household real rate of return rH,t* is best chosen so as to correspond to the explicit or implicit 
rate of return associated with owner-occupied housing28. In the absence of such information, the social rate 
of time preference (see below) constitutes a practicable alternative. The return to government assets is then 
measured as the real rate of return rG,t* applied to the average net stock of government assets, valued at 
beginning of the period prices, ∑i=1

NP0
i,tBWi,t. For consistency with the set-up for the market sector, we 

maintain the term (1+ρt) whose precise form results from the assumption that benefits from using the assets 
accrue at the end of the accounting period (see Section 19.1). Finally, the total user cost of government 
capital is given by the sum of the return to capital minus real holding gains plus depreciation DG,t. If real 
holding gains/losses are neglected, the simplified measure for the total value of capital services from 
government-owned assets is 

(26) UG,t* =  (1+ρt) rH,t*∑k=1
N P0

k,tBWk,t + DG,t .    

16.3.2 Social rate of time preference as the government rate of return 

305. When the national accounts do not directly provide information on market and household rates of 
return, a practicable possibility is to identify the government rate of return with the household rate of return 
and measure the latter as the social rate of time preference (SRTP). The theoretical background for the 
SRTP or consumption rate of interest has been elaborated by Marglin (1963), Feldstein (1964, 1965), Kula 
(1984) although the broader issue of discounting has been the source of much debate in economics 
(Ramsey 1928). Today, it is a well-established formula to determine discount rates for government projects 
� see, for example OXERA (2002) or HM Treasury (2003). Despite variations to the theme, the SRTP 
typically comprises the following basic components: 

(27) SRTP = (1+g)e(1/Π) -1 

306. In this expression, 

• g is the trend growth in real per capita household consumption. Without dwelling on theory too 
long, the idea is that the rate of substitution between the present and the future in a society can be 
approximated by the ratio of consumption between two periods or more generally, by the trend 
rate of growth of private consumption over long periods. For the United Kingdom, for example, 
this rate is around 2% over long periods.  

• e captures the elasticity of marginal utility of consumption, i.e., it indicates the percentage change 
in utility from an additional percent of consumption. The classic source of estimates of e is Stern 
(1977). Estimates of e can be derived econometrically and there is a broad range of outcomes in 
the various studies. OXERA (2002) review the various empirical results and discuss their 
plausibility. The overall conclusion is that a value of 0.5 to 1.2 seems reasonable. 

• Π is the survival probability of an individual � it captures the risk that an individual in society is 
not able to benefit from future returns on an investment. Π is measured by one minus the ratio of 
deaths over population. Conceptually, Π is supposed to capture a �rate of pure time-discounting� 
� a concept whose discussion goes back to Jevons (1871). More recently, some authors, e.g. 
Evans and Sezer (2002), have suggested to weight Π by a coefficient that reflects the degree of 
�selfishness� of present generations vis-à-vis future generations. For example, measured as Πw, 
w=0 would imply no selfishness at all, w=1 is no consideration for future generations and w=0.5 

 
28. See Section 8.3 for a discussion of concepts - more on the practice of measuring owner-occupied dwellings is 

discussed in Section 18.1.2. 
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an intermediate value. As will be shown below, sensitivity of the SRTP with respect to w is low 
and w=0.5 constitutes a plausible value. 

Table 17. Social rate of time preference for OECD countries 

Consumption 
per capita

Survival 
probability

w=0.5 w=1 w=0.5 w=1 w=0.5 w=1
g e=1 e=1 e=0.5 e=0.5 e=1.2 e=1.2

Australia 1.99% 0.99261 2.4% 2.7% 1.4% 2.4% 1.9% 2.9%
Austria 2.21% 0.98890 2.8% 3.4% 1.7% 2.8% 2.5% 3.6%
Belgium 2.05% 0.98894 2.6% 3.2% 1.6% 2.6% 2.4% 3.4%
Canada 1.74% 0.99286 2.1% 2.5% 1.2% 2.1% 1.7% 2.6%
Denmark 1.64% 0.98901 2.2% 2.8% 1.4% 2.2% 2.2% 3.0%
Finland 2.31% 0.99050 2.8% 3.3% 1.6% 2.8% 2.3% 3.5%
France 1.93% 0.99033 2.4% 2.9% 1.5% 2.4% 2.1% 3.1%
Germany 1.99% 0.98879 2.6% 3.1% 1.6% 2.6% 2.4% 3.4%
Greece 2.61% 0.99085 3.1% 3.6% 1.8% 3.1% 2.4% 3.7%
Iceland 3.05% 0.99330 3.4% 3.7% 1.9% 3.4% 2.3% 3.9%
Ireland 2.81% 0.99069 3.3% 3.8% 1.9% 3.3% 2.5% 4.0%
Italy 2.07% 0.99029 2.6% 3.1% 1.5% 2.6% 2.2% 3.3%
Japan 2.50% 0.99322 2.8% 3.2% 1.6% 2.8% 2.1% 3.3%
Luxembourg 2.68% 0.98962 3.2% 3.8% 1.9% 3.2% 2.6% 4.0%
Netherlands 1.73% 0.99150 2.2% 2.6% 1.3% 2.2% 1.9% 2.8%
New Zealand 1.28% 0.99223 1.7% 2.1% 1.0% 1.7% 1.6% 2.2%
Norway 2.55% 0.98985 3.1% 3.6% 1.8% 3.1% 2.5% 3.8%
Portugal 2.91% 0.98978 3.4% 4.0% 2.0% 3.4% 2.7% 4.2%
Spain 2.61% 0.99156 3.0% 3.5% 1.7% 3.0% 2.3% 3.7%
Sweden 1.30% 0.98922 1.9% 2.4% 1.2% 1.9% 2.0% 2.6%
Switzerland 1.12% 0.99100 1.6% 2.0% 1.0% 1.6% 1.7% 2.2%
Turkey 1.78% 0.99127 2.2% 2.7% 1.3% 2.2% 2.0% 2.9%
United Kingdom 2.28% 0.98870 2.9% 3.4% 1.7% 2.9% 2.5% 3.7%
United States 1.96% 0.99135 2.4% 2.8% 1.4% 2.4% 2.0% 3.0%

Average 2.1% 0.99068 2.6% 3.1% 1.5% 2.6% 2.2% 3.3%

Social rate of time preference

 
Source: OECD Annual National Accounts, OECD Population Statistics and author�s calculations. 

307. In Table 17, we take a look at how the SRTP turns out empirically for OECD countries. We 
compute the trend rate of per capita consumption for the period 1970-2005, shown as the rate g in the 
second column. On average, the rate is around 2%, albeit with some variation across countries. The third 
column shows the average survival probability for the same 35 years, computed as the ratio of the number 
of deaths over the population. Finally, six parameter combinations for the committal to future generations 
(w) and for the elasticity of utility with regard to consumption (e) are used for the computation of the 
SRTP. Based on the literature w=0.5 and e=1 is our preferred parameter combination. It generates an 
average SRTP of 2.6% for the countries under consideration. Given the comparatively light data 
requirements, SRTPs should also be measurable for countries with less developed statistical systems than 
the OECD countries. 

308. Moore, Boardman, Vining, Weimer and Greenberg (2004) review the various methods to arrive 
at a social rate of time preference and provide clear guidance, depending on whether a project is intra-
generational (less than 50 years) or inter-generational (50 years or more), and depending on whether a 
project is likely to crowd out private investment or not. With some further differentiation not mentioned 
here, they end up with recommended central estimate of 3.5 percent where 2.0 percent is given as a lower 
and 5.0 percent as an upper bound. 
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17 AGGREGATION ACROSS ASSETS AND INDUSTRIES 

17.1 Aggregation across assets 

309. To this point, most of the discussion has been conducted with reference to a single (type of) asset. 
Many concepts are indeed best conveyed in this manner but aggregation plays an important role in how the 
concepts of productive stock, capital services, net stock and capital composition translate into 
measurement.  

310. The single most important point in this context is that it is the process of aggregation that 
essentially shapes the difference between productive capital stock and net or wealth capital stock. At the 
level of individual assets, the productive stock may differ from the net capital stock but not necessarily so. 
The most important case where the two measures coincide is in the presence of constant, geometric rates of 
depreciation which imply the same rates of efficiency decline and hence identity between productive and 
net stock at the asset level. However, for all types of age-efficiency and age-price profiles, the correct 
aggregation formulae will in general drive a wedge between the productive and the wealth measure of 
capital. This difference arises naturally because aggregation weights differ in the two cases.  

311. For a measure of wealth, a natural way of valuing assets is with their market price, taking into 
account that older assets normally fetch a lower price than new assets. For a measure of capital services, 
assets should be valued with the user costs that they generate during a period. The user cost shares of an 
asset will be relatively higher than its share in wealth if an asset is short lived (high rates of depreciation 
make it more costly than a long-lived asset) and/or if its market price rises less quickly or falls more 
rapidly than the average price level of capital goods. High user cost shares are often found with assets that 
undergo quick technical change, implying a short service life and falling market prices due to 
obsolescence. 

312. It should be underlined that most of the analytical value of measures of the productive stock does 
not lie in the level of the stock as such but in its rate of change because this rate of change constitutes the 
volume index of capital services that constitute the analytical objective for measures of capital input and 
productivity. Not only is the volume index of capital services of greater analytical interest, it permits also 
to use index number formulae other than fixed-base Laspeyres index number formulae which are needed if 
one wants to construct a level measure of the productive stock at prices of a reference period. Most national 
accounts use chain index number formulae � either of the Laspeyres or of the Fisher type and capital 
services measures should be constructed consistently with national accounts. Generally, superlative29 index 
number formulae such as the Fisher ideal index are to be preferred to other formulae but this has to be 
weighed against the requirement of consistency with the index number formulae used in the national 
accounts. 

 
29. �Superlative� index numbers were developed as part of the economic approach to index numbers. Under this 

approach, the microeconomic theory of producers or consumers serves as a rationale for choosing between index 
numbers. Diewert (1976) introduced the notion of �flexible aggregators�. These are functional forms that provide a 
second-order approximation to an arbitrary, twice differentiable linear homogenous function. Flexible aggregators 
can be interpreted as functional forms that cover a wide range of utility, production, distance, cost or revenue 
functions. Furthermore, Diewert calls index numbers �exact� when they can be directly derived from a particular 
flexible aggregator. For example, the Törnqvist index is exact for the translog flexible functional form � a widely 
used specification in empirical economics. Thus, if one accepts a translog form as an approximation to a 
production function, and uses standard assumptions about producer behaviour, the Törnqvist quantity index 
provides an exact formulation for inputs and outputs. An index that is exact for a flexible functional form is called 
�superlative�. A similar reasoning applies for the Fisher ideal index which also qualifies as a superlative index 
number formula. For a full discussion see Diewert in: ILO et al. (2004). 
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313. These ideas are best described by way of the numerical example in Table 18 below. Two assets 
are shown, �trucks� and �computers� along with their wealth stock and productive stock at prices of a base 
year. To keep simple, the productive and wealth stock for each asset has the same value. Volumes of each 
stock are shown for year 0 and for year 1. The price index of (new) trucks rises by 5%, while that of 
computers falls by 5%. Thus, the wealth stock for trucks in year 1 amounts to 105 currency units and the 
wealth stock for computers to 114 currency units. The fourth line in the first panel shows each asset�s share 
in total wealth at current prices � between the two years, the share of trucks declines, and that of computers 
rises. The Laspeyres volume index of the wealth stock rises by 10%, the Paasche index rises by 9.5% and 
the Fisher index by 9.7%.  

Table 18. Aggregation across assets � numerical example 

Year 0 Year 1 Year 0 Year 1
Wealth stock at base-year prices 100 100 100 120
Price index of new asset 1 1.05 1 0.95
Wealth stock at current prices 100 105 100 114
Share in total wealth 50.0% 47.9% 50.0% 52.1%
Laspeyres volume index 1.100
Paasche volume index 1.095
Fisher volume index 1.097

Productive stock at base-year prices 100 100 100 120
Real rate of return 0.04
Rate of depreciation 0.15 0.15 0.3 0.3
User costs 0.19 0.20 0.34 0.32
Value of capital services 19.00 19.95 34.00 38.76
User cost share 35.8% 34.0% 64.2% 66.0%
Laspeyres volume index 1.128
Paasche volume index 1.124
Fisher volume index 1.126

Trucks Computers

 

314. Next, turn to the productive stock. Some more information is needed to construct a user cost 
measure for each asset: assuming a real rate of return of 4% and depreciation rates of 15% for trucks and 
30% for computers, user costs are calculated by multiplying the price index of the new assets by the 
annualisation factor = rate of return + depreciation. Multiplication of the user costs by the constant-price 
productive stock yields the total value of capital services for each asset � 19.0 currency units in the case of 
trucks in year 0, or 38.76 currency units in the case of computers for year 1. The Laspeyres volume index 
of capital services � the user-cost weighted average of the volume change of each asset�s productive stock 
turns out to be 12.8%, quite a bit higher than the volume change of the wealth stock. The same holds for 
the other index number formulae. This stylised difference, with a faster growth of capital services than of 
the wealth stock can frequently be observed in practice. It occurs when short-lived assets, due to falling 
relative prices, occupy an increasing share in the structure of capital inputs. 

315. Although the volume change of the productive stock with user cost weights is the conceptually 
correct way to measure the quantity of capital input into production rather than the volume change in the 
net stock, there is analytical value in considering both indices for analysis. Jorgenson (1995) was the first 
to construct an index of �capital quality� by comparing the volume change of capital services and the 
volume change of the net stock. In the above example, the index of �capital quality� would be measured as 
the ratio between the Fisher volume index of capital services and the Fisher volume index of the net stock, 
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i.e., as 1.126/1.097=1.0259 or about 2.5%. It is probably best described as an index of compositional 
change. A rise in this index would signal a compositional shift towards capital goods with relatively high 
user costs and hence relatively high marginal productivity per period � a computer needs to generate 
relatively high marginal returns, to cover rapid depreciation and obsolescence charges.  

316. Such a rise in the index of �capital quality� is, for example borne out by the series in Figure 11 
below which shows an index of capital services and an index of the net capital stock for Australia�s market 
sector. The divergence between the two measures has been visible since the beginning of the 1990 and it 
reflects a compositional shift in Australian investment towards more short-lived capital goods with higher-
than-average rates of depreciation.  

Figure 11. Net capital stock and capital services in the Australian market sector 
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Source: Australian Bureau of Statistics and OECD calculations based on ABS data. 

17.2 Aggregation across industries 

317. Data permitting, the analysis of capital measures at the industry level can be of significant 
interest. In an ideal dataset, industry-level information will be cross-classified by major institutional sector 
(corporations, households, government) and aggregation can proceed in three steps:  

• For every industry/sector combination, aggregate capital measures across assets as described in 
the preceding section; 

• For every sector, aggregate capital measures across industries, by sector. This gives rise to capital 
measures by institutional sector � broadly spoken, market producers, households and 
government.  

• Alternatively, aggregate capital measures across sectors, by industry. This gives rise to capital 
measures by industry. 

• For the economy as a whole, aggregate capital measures across sectors or across industries. 

318. The three-step aggregation procedure is a general way of going about the construction of total 
economy aggregates. It is more general than a single step aggregation technique to moves directly from 
assets to the economy as a whole or to the market sector as a whole. The reason is that first aggregating to 
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the industry level keeps industries as the building blocks and permits, implicitly that the same factors are 
remunerated differently across industries. This can be due to market imperfections, adjustment costs that 
vary across industries or industry-specific risk of operations calling for different expected rates of return to 
capital. 

319. A direct aggregation procedure that omits the industry dimension implicitly assumes that a 
particular type of asset gets the same remuneration wherever it is used in the economy. One could also say 
that by treating the economy or the sector as a single industry, one assumes that all markets �internal� to 
this big firm work smoothly and efficiently. There is, however, a theoretical justification for proceeding 
like this. Jorgenson, Ho and Stiroh (2005) show that the one-step aggregation procedure corresponds to 
specifying a �production possibility frontier�. The production possibility frontier describes how capital, 
labour and productivity interact and grow under efficient market conditions. The authors then use the one-
step procedure as a benchmark and compare results with a multiple-step aggregation procedure. They 
interpret differences as �reallocation� effects. For example, reallocation effects appear when the aggregate 
volume of capital input changes simply because capital shifts between industries and generates different 
marginal products, depending on where it is used. Thus, both the single-step and the multiple step 
procedure are analytically meaningful, in particular when both are applied and compared to each other. The 
single-step procedure has value as a reference or benchmark for capital and productivity growth under 
functioning markets, the multiple-step procedure is useful in describing the actual state of capital 
accumulation and productivity growth. 

320. In practice, such a fully developed dataset may not be available. Also, the distinction between 
market and non-market producers is sometimes difficult to draw, specifically in industries such as 
education and health services where both types of producers operate. A simplified approach consists in 
combining all industries that are dominated by market producers into the �market sector�, possibly with the 
exception of the real estate industry where provision of owner-occupied housing should be separately 
identified as production by households. The government sector would then be identified with public 
administration and defence (ISIC category L) and other community, social and personal services (ISIC 
category O).  

18 SPECIAL ISSUES IN CAPITAL MEASUREMENT 

18.1 Land and dwellings 

321. The SNA, in its asset classification, distinguishes between dwellings and other buildings and 
structures as part of produced assets and land as a non-produced asset. Other buildings and structures are, 
in turn broken down into non-residential buildings, other structures and land improvement. Although land 
is a non-produced asset, it is well established in the economic literature as a factor of production and 
therefore as an asset that provides a flow of capital services into production. 

�It is not only produced assets which are used in production. The first and oldest recognised 
form of non-produced capital is land. Land is special in that under good management, the value 
is assumed to remain constant from year to year except for the effects of inflation in land prices. 
That is to say, there is no depreciation of land and all the contribution to production can be 
regarded as income. [�] It may seem slightly odd to think of a non-produced asset contributing 
a �service� since in national accounts services are always produced. This is simply a reflection 
of the words chosen by economists to describe the contribution of capital to production without 
connecting the word �service� to the specific interpretation given to it in the SNA. Similarly one 
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For practical purposes, only land 
under structures and buildings and 

cultivated land should be considered 
a source of capital services 

may hear compensation of employees described as the cost of labour services.� (Revised SNA, 
forthcoming) 

322. In the discussion about capital measurement, land and dwellings deserve special attention 
because: 

• Special measurement problems arise because it is often not possible to separate the value of land 
from the value of structures on it. However, such a separation is needed because structures 
depreciate but land does not; 

• Residential and non-residential structures have long service lives and the corresponding 
investment series needed to implement the perpetual inventory method may not be available. 
Stocks of structures may then have to be estimated on the basis of physical information on the 
stock of dwellings, land registers etc. which involves additional statistical uncertainty, in 
particular when it comes to valuing the stock of land and buildings; 

• Markets of land may be subject to bubbles in the price of assets. Such phenomena are at odds 
with the relatively simple equilibrium theory underlying the capital services model and may 
therefore invalidate standard methods to estimate the value and the volume of capital services for 
these assets; 

• Owner-occupied housing is an important non-market activity of household production. Capital 
services and user cost measures are one way of estimating the value of this production and can 
significantly alter the level and growth rates of GDP; 

• Price indices for residential and non-residential houses are notoriously difficult to develop and 
yet much of the quality of valuation of capital services from land and structures depends on the 
quality of available price indices; 

• More generally, the measurement of capital services 
from land and structures affects three singularly 
important economic variables: GDP, capital input 
and the consumer price index and a consistent 
approach towards these measures is desirable. 

18.1.1 Measuring and valuing the stock of land 

323. Land is not a homogenous asset and land prices can develop at very different rates, depending on 
the use of land and depending on geographical location. The classification for non-produced asset 
distinguishes between four types of land:  

• Natural land under buildings and structures and associated surface water 

• Natural land under cultivation and associated surface water 

• Natural recreational land and associated surface water 

• Other natural land and associated surface water 

324. For many statistical purposes it will be useful to keep these categories apart because price 
developments will typically differ between the categories and because not all types of land are necessarily 
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sources of capital services. It would seem clear that land under buildings and structures and land under 
cultivation are sources of capital services � there is an apparent input into production as defined in the 
national accounts. The extent to which this applies to recreational and other natural land is not clear. For 
most practical purposes it would thus appear that only land under building and structures and cultivated 
land should be considered sources of capital services. 

325. Land registers provide a natural starting point to measure the quantities of different land 
categories. A much more difficult issue is the valuation of land and construction of a price index for each 
type of land. For residential land, one way of approaching valuation is by using information on sales of 
dwellings (comprising both structures and land beneath) with information on structures only to derive land 
values residually (see box for an example from Australia). A similar, residual approach towards estimating 
a time series of the price of residential land has been adopted by Davis and Heathcote (2004) for the United 
States.  

326.  Information on the price and quantity of structures and buildings without land is often more 
readily available when data on the stock of dwellings uses the perpetual inventory method with investment 
series for structures and buildings from the national accounts. Investment surveys on construction permit 
relatively easy collection of information on the value of structures excluding land. 

327. Valuing stocks of land is also problematic when land prices vary significantly between locations 
and applying an �average� price of land seems liable to significant bias. A first step towards capturing 
regional differences in land prices is a minimum stratification to differentiate between areas with the 
largest differences in land prices, such as urban versus rural areas. Blades (2006) points out that estimates 
of the average ratio of the value of land to the average value of dwellings (excluding land) can sometimes 
be obtained from sources such as real estate agents or official records of land values. Some countries may 
be able to borrow ratios estimated from neighbouring countries which have similar population densities 
and housing structures. 
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Box 10. Valuing land and dwellings owned by households in Australia 

A new method put in place for the valuation of land and dwellings owned by Australian households started out with a 
comparison of different sources for the combined value of land and dwellings. For this purpose, ABS compared three sources in 
terms of the overall and the mean dwelling value for 2004: 

• The Survey of Income and Housing with household reports on the value of properties, comprising both structures and 
land (mean dwelling value $ 299 000) 

• Estimates by the Reserve Bank of Australia, which are derived by applying average sales prices from private 
contractors to the number of dwellings as registered in the ABS Census of Population and Housing (mean dwelling 
value $ 335 000) 

• Estimates from the national accounts is detailed information on the stock of housing from the 1991 Census of 
Population and Houses (mean dwelling value $ 349 000) 

The comparison showed that the two independent estimates from the Reserve Bank of Australia and from the Survey of 
Income and Housing are broadly in line with other. ABS then adopted the Reserve Bank estimate of the combined value of 
residential land and dwellings. The ABS estimates of the value of dwellings (excluding land) owned by households were then 
deducted to calculate the value of residential land as a residual.  

Estimates of the value of land held by sectors other than the household sector are estimated residually by the ABS by 
deducting the estimate of residential land and dwellings held by households from the aggregate estimate of the value of 
residential land and dwellings estimated by the Reserve Bank.  

This new method has resulted in a revision of the level and sector allocation of the value of land and dwellings as shown 
in the table below. All numbers are in billions of Australian dollars and relate to June 2005. 

 Non-financial corp. Financial corp. Government Households 

Dwellings     

old estimate 44.6 -- 3.7 1038.9 

new estimate 44.1 -- 3.6 1038.5 

Residential land     

old estimate 83.4 -- -- 1437.7 

new estimate 179.1 -- 10.8 1683.0 

Commercial land     

old estimate 32.4 22.3 -- 138.7 

new estimate 138.4 24.4 -- 40.7 

Rural and other land     

old estimate 16.7 -- 133.2 192.2 

new estimate 16.6 -- 133.2 191.4 

Source : Australian Bureau of Statistics (2006) 

18.1.2 User costs of land  

328.  Having established that land is a source of capital services, the question arises how to go about 
measuring the user costs for land and the structures on it. We shall restrict the discussion to residential 
dwellings and the associated land because most of the points carry over to non-residential structures and 
the land underneath as well as to land under cultivation. Also, residential dwellings play an important role 
by their sheer size but also because owner-occupied dwellings have a double nature: they constitute a 
source of capital services and they are the most important occurrence of production by households. This 
raises an issue of consistency when measures of capital services on the input side of the economy are based 
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Land prices are regularly subject to 
speculative bubbles. The simple 

equilibrium approach towards asset 
valuation cannot handle such a 

situation very well.  

on a user cost approach and when the output of dwelling services provided by households is estimated with 
a different approach, such as the rental equivalent approach, more of which below. 

329. Because land is a non-produced asset, there is no depreciation element in its user costs.  User 
costs of land are thus composed of two elements: the real 
return to capital and real holding gains or losses. However, 
land is special insofar as land markets, in particular for 
residential land, are not free from speculative bubbles, which 
raises a conceptual and a measurement challenge when it 
comes to assessing the price and volume of capital services 
from land. 

330. Consider the conceptual issues first. We start by referring back to a statement about ex-ante rates 
of return: cost-minimising producers will tend to use assets in such proportions that the expected risk-
adjusted return is the same for all types of assets. To this point, this Manual has said very little about risk 
except that one justification for differences in the ex-ante rate of return between industries was that there 
may be differences in risk between industries. For most assets inside a particular industry, it is harder to 
argue why they should be subject to differences in risk. Land, however, would seem to constitute one 
exception here that justifies introducing an asset-specific risk premium. Nomura (2004) and Jorgenson and 
Nomura (2005) computed and imputed a risk premium for land in their user cost calculations for Japan. 
Such estimates can, for example be based on the Capital Asset Pricing Model or similar techniques. 
Inserted into the user cost formula, they will tend to reduce the problem of negative user costs that may 
arise in the presence of rapidly rising asset prices. However, estimation techniques remain relatively 
sophisticated and may not always be easily replicable. A practical way to go about this is to assume that for 
land, the risk premium that asset owners put into their calculation is simply equal to real expected holding 
gains. Although this is tantamount to ignoring a risk premium and to setting the expected real holding gain 
to equal zero, it seems a more general way of approaching the issue that acknowledges the value of 
estimating a risk premium, for example in analytical research. 

331. There is a second conceptual issue associated with land and bubble markets. A fundamental 
relationship in the valuation of assets is the net present value condition � the price of an asset equals the 
discounted streams of the net benefit from use in production that it generates. This equilibrium relationship 
may not hold any more in the presence of asset bubbles: by definition, when there are speculative bubbles, 
asset prices and expectations about asset prices are driven by more or less rational expectations, and not by 
the expected flow of capital services of the asset. The implication is that user cost shares of assets which 
incorporate expected speculative holding gains, are unlikely to present a good approximation to the 
elasticity of total capital services with regard to the asset under consideration so that the measure of the 
overall flow of capital services may be distorted in such a case. 

332. The empirical issue is just as difficult to deal with: what is a reasonable expectation of an asset 
price change in the presence of speculative bubbles? Can prices be predicted in such a situation? The 
answer is almost certainly �no�, in particular when it comes to finding a simple way of putting a value to 
expected price changes. Steep upward movements in land prices that are simply extrapolated from past 
observations will tend to generate negative user cost expressions unless an explicit risk premium is 
considered as described above. 

333. In sum, both conceptual and practical considerations lead us to suggest that, if there is no 
possibility to estimate a land-specific risk premium, the expected real holding gains and losses for land 
should be set to equal zero when user costs for land are calculated � and this is true whether endogenous, 
mixed or exogenous methods are applied to estimate the rate of return. 
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334. A very important application of user cost measures is in the context of imputing values to the 
production of households that are owners and occupiers of dwellings. The value of owner-occupied 
dwellings and its development over time is important as a component of the national accounts and for 
many countries as a component of the consumer price index, although owner-occupied housing is often 
valued with other methods than the user cost method30. In particular, many countries use a �rental 
equivalent� approach whereby the stock of dwellings is divided up into different strata of dwellings of 
similar quality and location, and where the actual rents paid for dwelling services in each stratum are used 
to measure the average rent per dwelling. These average rents are then multiplied by the number of owner-
occupied dwellings in the stratum to yield a figure for the production value of owner-occupiers of 
dwellings.  

335. However, there are cases when the rental equivalent approach cannot be applied. For example, in 
many developing and transition countries, the share or rented dwellings is low and the share of owner-
occupied dwellings is high and rents will often be an unreliable guide to the value of owner-occupied 
housing31. Then, the user cost approach constitutes a useful alternative and has been applied in a number of 
EU countries and in Iceland (Gudnason 2004). 

 
30. For an overview of the methods used in the consumer price index, see ILO et al. (2004), Chapter 23.  
31. A case in point was central European accession countries to the European Union or countries in the Western 

Balkans. 
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Box 11. Measuring the user costs of dwellings in Argentina 

Coremberg (2000, 2004) uses a hedonic approach to value the dwelling stock for Argentina. He proceeds in several steps: 

• Starting point is detailed information on the stock of housing from the 1991 Census of Population and Houses (Censo 
nacional de poblacion y vivienda) with data on the number of dwellings cross-classified by several characteristics, in 
particular type, location, size as well as some quality attributes.  

• The second source of information is the 1996 National Survey of Household Expenditure on Rentals (Encuesta 
nacional de gasto de los hoagares) which provides rental prices by characteristics of dwellings.   

• An adjustment is made to the rental prices to account for the survival probability of dwellings, i.e., for the fact that 
the survey only reports on rentals in dwellings that still exist whereas zero rents on assets that have disappeared do 
not appear in the sample. 

• A hedonic function is estimated by regressing the observed rentals from the survey on the attributes of the dwellings, 
including their age. The regression coefficients of the dwelling characteristics represent their marginal valuation on 
the rental market. 

• With the hedonic regression coefficients, rental values could be attached to the stock of dwellings from the 1991 
Census. Summing up across rental values yields the estimate of the value of the housing services produced by owner-
occupiers. 

• Coremberg then goes on to estimate the user cost price of different groups of dwellings by dividing the value of 
rentals (estimated with the method described above) by the current value of the dwelling stock. In other words, he 
assumes that the value of user costs for each type of dwelling equals the value of rental equivalents. This ensures full 
consistency between the national accounts values for the production of dwelling services by owner occupiers and the 
capital services measure for purposes of productivity calculations. 

Note that in applying this method, Coremberg estimates an implicit rate of return to owner-occupiers of dwellings. 
Having combined the results for dwellings with other capital goods, Coremberg estimates the overall endogenous ex-post rate 
of return to capital in Argentina and compares the results with an external rate of return on the financial market (interest rate for 
foreign currency loans for 90 days commercial papers) to assess the opportunity costs of investing in Argentina and to carry out 
a plausibility check for the endogenous rate of return.  His internal rate of return for the period 1990-2000 varies between 
12.2% and 15.5%, depending on the form of the depreciation pattern. The exogenous rate for comparison was at 13.4%.  This is 
a plausible result. 

336. For owner-occupied dwellings, user costs are best computed in two parts: user costs for structures 
and user costs for the land beneath the structures. The two components can then be combined to yield 
values of dwelling services (by adding up the component values), and temporal indices of the prices of 
dwelling services (by constructing an index of the user cost prices of the components between two periods) 
as well as volume indices of dwelling services (by constructing an index of the volume changes in stocks 
of the components between two periods). The user cost expression for land has a fairly simple form 
because there is no depreciation component and, if one follows the conclusion above, real holding gains 
and losses are set to zero.  More explicitly, if UL,t is the user cost of land under a dwelling and US,t is the 
user cost of the structure, and UD,t is the user cost for the dwelling and land combined, then one has the 
following expressions for their computation, assuming geometric depreciation rates for structures and 
following the notation used throughout this Manual: 

(28) UL,t  = (1+ρt)rt*P0
L,tB WL,t 

 

 US,t  = [(1+ρt)(rt* - iS,t*)P0
S,tB + P0

S,t δS]WS,t 
 
 UD,t = UL,t + US,t. 

337. It is well-known that the price and volume measures of dwelling services can differ depending on 
whether computations are based on the rental equivalent or on the user cost method. For example, 



 STD/CSTAT/WPNA(2007)2 

 103

Verbrugge (2006) examines the respective movements of rents and user costs from a consumer price 
perspective and finds very large differences in trends and in amplitude of their movements. To some 
extent, such differences reflect the economic reality of transaction costs (it is costly to assess tenants, to 
conclude and to terminate a contract), as well as market imperfections. In addition, such comparisons often 
do not use the simplified user cost formula for land (28) but reflect year-to-year changes in (expected) asset 
prices and year-to-year ex-post changes in rates of return. This may be one reason for the discrepancies 
between resulting measures. 

338. Diewert (2006b) comments this point as follows: 

�[�] it is unlikely that landlords use econometric forecasts of housing price appreciation one 
year away and adjust rents for their tenants every year based on these forecasts. Tenants do not 
like tremendous volatility in their rents and any landlord that attempted to set such volatile rents 
would soon have very high vacancy rates on his or her properties. It is, however, possible that 
landlords may have some idea of the long run average rate of property inflation for the type of 
property that they manage and this long run average annual rate of price appreciation could be 
inserted into the user cost formula.  

Looking at the opportunity costs of owning a house from the viewpoint of an owner occupier, the 
relevant time horizon to consider for working out an annualized average rate of expected price 
appreciation is the expected time that the owner expects to use the dwelling before reselling it. 
This time horizon is typically some number between 6 and 12 years so again, it does not seem 
appropriate to stick annual forecasts of expected price inflation into the user cost formula. Once 
we use annualized forecasts of expected price inflation over longer time horizons, the volatility in 
the ex ante user cost formula will vanish or at least be much diminished.� 

339. Diewert (2006b) then goes on and makes the following suggestion:  

 �[�] 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.� 

340. To date, this suggestion has not been tested and is therefore not a recommendation put forward 
by this Manual. However, the argument is conceptually valid and fits in with the broader notion of user 
costs as opportunity costs of owner-users of capital goods. Research should be undertaken to provide more 
evidence and discussion of Diewert�s proposal. 
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Box 12. Valuation of structures in Denmark 

A key factor in PIM estimations of the net stock at current prices is price indices. Often price indices for new assets (GFCF) are 
used to determine the price development for existing assets in the stock. However, this could be problematic, as the following 
example from Denmark shows. 

At Statistics Denmark, the method for estimating the value of fixed capital for buildings is to adopt the accumulated costs involved 
in construction of buildings (GFCF) as basis, and subsequently write down the value over time to reflect ordinary wear and tear 
and technical obsolescence (consumption of fixed capital). Similarly, a revaluation takes place, due to price changes. The changes 
in prices are measured by the changes in acquisition prices of new assets.  

An issue arises, however, when the so-computed values of buildings are combined with information based on a different statistical 
source: in connection with the development of balance sheets, Statistics Denmark calculates the value of land at market prices. 
This is done by subtracting the value of buildings from the combined real estate value (buildings and land) on the basis of observed 
market prices for properties actually traded.  

During the recession in the late 1980s, real estate prices declined whereas acquisition prices for new buildings increased as shown 
in the figure below. In the PIM estimations of the net stock of buildings, it was assumed that the prices of existing buildings (for a 
given age) followed the prices of new buildings which increased steadily. With decreasing prices for real estate and increasing 
prices for buildings, the residual � the value of land � declined. However, the decrease was so large that the value of land becomes 
negative for some years during the recession. A negative value for land is not an economically meaningful result. 
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Note: Price indices for real estate are calculated on the basis of all traded properties in a given year, while price indices of buildings comprise the 
entire stock of buildings. Although there may be some composition effects, it is indisputable that the price development for real properties and 
buildings move differently over time. 

One possible reason behind the problem with negative values for land may lie in the PIM valuation of existing buildings and the 
use of price indices for new assets.  If prices for real properties are declining for a longer period of time, it is not necessarily 
credible to assume that prices for existing buildings follow the path of increasing construction prices for new buildings. One 
explanation may lie in heterogeneity of buildings �new dwellings may have different characteristics from those real estates that 
have been transacted on the market. Consequently, the price index for new buildings  may not be representative for price 
movements of the housing stock as a whole. Another reason for the apparent over-valuation of existing structures may lie in the 
depreciation patterns and service lives employed in the PIM.  

A way forward would be to use asset prices from the second-hand market, combined with quality characteristics of transacted real 
estate. This could help identifying price movements, improve the quality of depreciation rates and  deal to a certain degree with the 
heterogeneity of properties transacted. The resulting information could then be used in the PIM. This is a very difficult task, but 
might be necessary if reliable and consistent estimates for the value of buildings, land and real properties should be produced. The 
problem with different development in prices for new and existing assets may in principle apply for all kind of fixed assets even 
though the problem is most likely more pronounced for   assets that are rather heterogeneous, that have long service lives, and 
where there are well-established second-hand markets. 

18.2 Estimating the stock of residential and non-residential structures under limited information 

341. Estimation of the value of capital services requires that time series of investment in dwellings are 
available. When this is not the case, the question arises how approximations can be made. This section 
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describes such an approximation method, based on Blades (2006), Eurostat (2001) and Katz (2007) but 
with a few additions to their method. 

342. A minimum of information has to be available. In particular, one requires: 

• The number of owner-occupied dwelling units at mid-year of the period under consideration 
(WD,t). This information will typically be available from the most recent census, updated to the 
middle of the current period with the help of an estimated or observed growth rate of dwellings. 
If at all possible, this information should be stratified in a way that reflects different categories of 
dwellings, where categories should reflect the most pertinent price determining characteristics, 
such as size and/or location. 

• An estimate, for example from comparison between different censuses, of the long-term growth 
rate of the number of dwellings (of a particular category) is also needed. This rate will be labelled 
b and could be calculated as b = (WD,t/WD,t-τ)1/τ-1, if there are two pieces of census information 
available, τ years apart. 

• The average price level of period t of a newly constructed dwelling (of a particular category), 
excluding land. We shall call this price P0

D,t where the subscript 0 indicates the age of the asset 
which in the present case is new. 

• The ratio of the market value of land (PL,t) to the market value of dwellings (of a particular 
category of dwellings) in the current year: PL,t/P0

D,t. In the absence of further information, it may 
be necessary to consider this ratio time-invariant. 

• An estimate of the expenditure on major improvements on dwellings and land during the present 
year. This information is useful but not vital for the calculation at hand. Expenditure on 
improvements will be designated P0

D,t Mt where it has been assumed that the price index for 
major improvements is identical to the price index of new dwellings. 

343. With these elements in hand, the method can be described more precisely. Note that despite the 
importance of stratifying the information if at all possible, the presentation proceeds with a single type of 
dwelling so as not to overburden notation. Aggregation across different strata, if available, is straight 
forward. 

344. We start with re-stating the formula for the net stock of dwellings at mid period t, and valued at 
mid-period prices of t. In line with national accounts practice, investment is assumed to take place in the 
middle of periods. The maximum service life of the dwelling is T, and PD,t is the average price level for the 
net stock of dwellings.  WD,t is measured in physical units, i.e., as the number of dwellings (of a particular 
category). 

(29) PD,tWD,t = P0
D,tID,t+ P1

D,tID,t-1+ P2
D,tID,t-2+�+ PT

D,tID,t-T. 

345. Divide the expression by the price of a new dwelling to obtain the age-price profile {ψn} which, 
as has been explained elsewhere in the Manual (Chapters 3.2, 5, and Section 19.3) reflects the ratio 
between the price of an n-year old asset and the price of a new asset. Then, use the information about the 
long-run growth rate of dwelling investment (b) to express investment in past periods as a proportion of 
present investment in dwellings. For example, ID,t-3=ID,t(1+b)-3 constitutes the estimate for dwelling 
investment three periods ago. As is shown below, the stock value can then be expressed in proportion to 
the value of investment in new dwellings, with the factor of proportionality (B), the ratio between the value 
of current investment and the net stock. 
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(30) PD,tWD,t = P0
D,tID,t+ P1

D,tID,t-1+ P2
D,tID,t-2+�+ PT

D,tID,t-T 

    = P0
D,t [ID,t+ ψ1ID,t-1+ ψ2ID,t-2+�+ ψTID,t-T] 

    =  P0
D,t ID,t[1+ ψ1(1+b)-1+ ψ2(1+b)-2+�+ ψT(1+b)-T] 

    = P0
D,t ID,t B. 

346. The age-price or depreciation profile {ψn} shows how the price of an n-year old asset relates to 
the price of a new asset. When entire cohorts of assets are considered, the age-price profile should take the 
retirement distribution into account. How age-price profiles for a single asset can be combined with 
retirement distributions is shown in Section 13.3. Necessary information for this calculation comprises an 
assumption about the form of the age-price function, a value for the maximum service life of an asset 
group and parameters for the retirement distribution.  Blades (2006) assumes a linear age-price function. 
This has the merit of simplicity but makes no adjustment for a retirement distribution. The implicit 
assumption is that all dwellings that were constructed in a particular year end their service lives at the same 
moment. A simple way of approximating a linear age-price function in combination with a retirement 
distribution is to use a geometric rate. Katz (2007) and Eurostat (2001) suggest: 

�[�] geometric depreciation can be used with a declining balance rate of 1.6. [�] A declining 
balance rate of 1.6 is recommended because simulations have shown that with this rate, total 
user costs for a stock of assets are most similar to total user costs obtained using the straight-line 
method and an approximately normal distribution of service lives around the mean life. The 
geometric method is much simpler to implement than the straight-line method because it does not 
require depreciation to be estimated separately for each vintage of assets.� (Eurostat 2001,  p 
19.) 

347. Under the declining balance method (see Section 12.1), a rate of depreciation δ is computed as 
δ=R/TA where R is the declining balance rate and TA is the average service life. Following the 
recommendation to use R=1.6, a 50-year service life32 would yield a rate of depreciation of 
δ=1.6/50=3.2%. Under a geometric rate of depreciation δ, the age-price profile is given by ψn = (1-δ)n 
(n=0,1,2,�) noting that the series now extends to infinity. By a manipulation similar to expression (20) 
one obtains  

(31) B = [1+ ψ1(1+b)-1+ ψ2(1+b)-2+�+ ψT(1+b)-T] 
  = [1+(1-δ)/(1+b)+(1-δ)2/(1+b)2+(1-δ)3/(1+b)3�]  
  = [1-(1-δ)/(1+b)]-1 
  = (1+b)/(b+δ). 

348. When there is no growth in dwellings (b=0), B equals 1/δ, or [1+(1-δ)+(1-δ)2+(1-δ)3�]. This is 
exactly the number of dwellings that would be observed if at every period in the past one dwelling had 
been built.  ID,tB would then constitute the stock of dwellings if during the past, the same investment as in 
the present period, ID,t, had taken place. When b is positive, the interpretation is similar except that there is 
a situation where the number of dwellings has gradually risen over time. As before, ID,tB is the size of the 
dwelling stock and P0

D,t ID,t B its value at mid-year prices of period t.  

349. P0
D,tID,tB could serve as a first estimate for the value of the dwelling stock. However, this 

calculation ignores an important element, namely major improvements to dwellings. These are capitalised 
under national accounts rules and so counted as additions to the net stock when the perpetual inventory 

 
32. Katz (2007) points out that ��some countries in Western Europe have used a life of 50 years, which would yield 

a depreciation rate of 3.2 %. In contrast, because the United States now uses a 0.91 declining balance rate for 
residential structures, this corresponds to a geometric depreciation rate of 1.14% for 1-4 unit dwellings and a rate 
of 1.4 % for 5-or more unit dwellings. In comparison, the United States uses rates that are more than double these 
geometric depreciation rates for major replacements and for additions and alterations to dwellings.� 
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method is applied. It should be expected that major improvements rise with rising age of capital goods. If 
Mt are the real expenditures on maintenance during period t, a possible relation to past investment is Mt = 
α1ID,t-1+ α2ID,t-2 + α3ID,t-3 +� with 0<αn and rising with n. To keep things simple, we shall assume that α is 
constant so that  

(32) Mt = α ID,t[(1+b)-1+(1+b)-2+(1+b)-3+�] 
  = α ID,t[1+(1+b)-1+(1+b)-2+(1+b)-3+�] - α ID,t 

  = α ID,t (1+b)/b - α ID,t 
  = α ID,t/b. 

350. Expression (32) can now be combined with (30) to form an improved estimate of the dwelling 
stock with major improvements added to new investment: 

(33) PD,tWD,t  = P0
D,t (ID,t+Mt)B 

    = P0
D,t (ID,t+ α ID,t/b)(1+b)/(b+δ) 

    = P0
D,t ID,t(1+α/b)(1+b)/(b+δ) 

    = P0
D,t ID,tC       where C≡(1+α/b)(1+b)/(b+δ). 

351. The factor C equals the ratio of new investments to the net stock of dwellings and it can be 
estimated relatively easily, given parameter values α, b and δ. The table below provides an example for 
such a calculation. Assuming that the value of investment in new dwellings during the present period 
(P0

D,tID) equals 1000 and given an average service life of 60 years as well as a declining balance rate of 1.6, 
the implied rate of depreciation is 2.7%. Suppose that the long-run growth in the number of dwellings is 
around 2% per year and that major improvements account for about 20% of investment (for comparison, 
this ratio was around 25% for owner-occupied dwellings in the United States over the past two decades). 
Then, the estimated ratio of new investments to the net stock (C) turns out to be about 26. Multiplying this 
by 1000 yields an estimate of the net stock of dwellings (excluding land) for period t. Again by way of 
comparison, the same ratio has been 22 on average for the United States over the past two decades, so 26 
does not appear as an implausible number.  

Table 19. Example for the estimation of a dwelling stock under limited information 

Value of new investment year t 1000
Average service life T 60
Declining balance rate 1.6
Rate of depreciation = 1.6/T 0.027
Long-run growth rate of number of dwellings (b) 0.02
Major improvements as a share of investment=α/b 0.20

C=(1+α/b)(1+b)/(b+δ). 26.2
Net stock of dwellings at current prices 26229  

 
 

18.3 Inventories 

352.  [To be completed] 
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User cost measures follow a producer 
perspective. Thus, taxes on inputs should be 

part of the cost of inputs. For the same 
reason, taxes on products which concern a 

firm�s output are excluded from measures of 
output. In national accounts terms, output 

is valued at basic prices and inputs are 
valued at purchasers� prices  

18.4 Taxation and user costs 

353.  Taxes and subsidies enter capital measurement in several ways. A first occurrence is in the 
context of determining the value of capital services; a second occurrence is in the context of determining 
the unit cost of capital and the after-tax rate of return. As a general principle for the treatment taxes and 
subsidies in conjunction with the measurement of capital services, a perspective of the owner or owner-
user of the capital good should be applied. How this principle is applied to the two main instances in which 
taxes come into play is described in the present section. 

18.4.1 Taxes and the value of capital services 

354. Gross value added for a particular industry or for a particular sector comprises the following 
elements33: 

• Compensation of employees (comprising wages and salaries and employers� social contributions) 

• Other taxes on production 

• Other subsidies on production 

• Gross operating surplus (for incorporated enterprises) 

• Gross mixed income (for unincorporated enterprises owned by households) 

355. Gross operating surplus and gross mixed income are residual items, obtained after deducting 
compensation of employees, and net taxes on production from value-added. They measure the surplus or 
deficit accruing from production before taking account of interest, rent or similar charges. �Other� taxes on 
production consist mainly of taxes on the ownership or use of land, buildings or other assets used in 
production or on the labour employed, or compensation of employees paid34. Other subsidies on production 
are payments receivable on the same items. When the components of �other� taxes and subsidies on 
production are known, it is in principle possible to identify those components that relate to labour as an 
input into production (e.g., payroll taxes) and those components that relate to capital (e.g., property taxes). 
Those parts of other net taxes that cannot be allocated to either a capital asset or to labour have to be 
distributed according to a simple rule, for example in proportion to asset shares.  

356. The total payments that a corporation has to hand out 
to labour are then the compensation of employees plus the part 
of net taxes on production that concerns labour. Similarly, 
total income to capital in a corporation is gross operating 
surplus plus those parts of net taxes on production that 
concern capital. For unincorporated enterprises owned by 
households, gross mixed income must also be split into a 
labour and a capital component. Thus, the ex-post income35 to 
 
33  In the national accounts, these items are shown in the generation of income account. 
34  System of National Accounts 1993, paragraph 7.49. 
35  In this general formulation, ex-post income to capital  can have two components: a remuneration of capital 

services which corresponds to the value of capital services plus a residual component in the form of pure profits or 
losses that arise as the consequence of un-anticipated events. Ex-ante, the expected or normal income of capital 
would correspond to the value of capital services. See also the discussion on ex-ante and ex-post rates of return in 
this Manual.  
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capital before taxes is the sum of gross operating surplus, the capital part of gross mixed income and the 
capital part of other net taxes on production. This is the required producer perspective because in hiring 
capital or labour, the relevant taxes on production are factored in by the producer. 

357. Another issue in conjunction with taxes on production needs mentioning here. According to the 
1993 SNA, taxes on production comprise taxes on products and other taxes on production. The SNA 
specifies further that 

�in the generation of income account, taxes on imports are recorded only at the level of the total 
economy as they are not payable out of the values added of domestic producers. Moreover, at the 
level of an individual institutional unit or sector, only those taxes on products that have not been 
deducted from the value of output of that unit or sector need to be recorded under �uses� in the 
generation of income account (paragraph 7.52)  

In consequence, no product taxes or subsidies on outputs that are to be recorded as payables or 
receivables in the producer�s generation of income account when value added is measured at 
basic prices. It follows that the item �taxes less subsidies on production� refers only to other taxes 
or subsidies on production (paragraph 7.7) 

358. These citations explain why, at the level of individual industries or sectors, only other net taxes 
on production figure as a component of value added and only the relevant capital part of those should be 
considered capital income. At the level of the total economy, all taxes and subsidies on production show up 
as a component of value added. To measure capital income at the level of the total economy, consistency 
should be preserved with the measures of capital income at the industry level. Thus, at the level of the total 
economy as well, taxes on products should not be included in capital income.  

18.4.2 Taxes and the price of capital services 

359. Tax parameters play also a part when it comes to refining the measures for the price of capital 
services. From an analytical perspective, it is helpful to understand the impact of different taxes on the 
level and on the structure of the prices of capital services. Typically, different types of taxes are not neutral 
with regard to the type of ownership of capital goods (when, for example, corporations are taxed 
differently from unincorporated businesses or households), the industry in which capital goods are used 
(when there are special fiscal provisions by type of economic activity) and the type of asset concerned 
(when, for example, there are provisions for accelerated depreciation for certain types of assets). Taxes 
may thus drive a wedge between relative prices of different types of capital services. Such differences 
affect producers and as the objective of measuring capital services prices is to emulate as closely as 
possible the price signals that capital owners/users receive, the consideration of tax parameters in unit user 
cost measures has analytical importance. The theoretical framework and the first full implementation of 
tax-adjusted user costs go back to Christensen and Jorgenson (1969) who provided evidence for the United 
States. A recent comprehensive study of taxes and their effects on user costs and investment is Jorgenson 
and Yun (2001).  

360. Before delving further into the tax adjustment of the price of capital services, a few general 
points should be considered: 

• Full-sized implementation of tax-adjusted unit user costs requires information on tax parameters 
that is cross-classified by industry, asset and institutional sector. For example, income-related 
taxes are typically differentiated by institutional unit but not by industry. Thus, to construct 
consistent tax-adjusted measures of user costs by industry, there has to be information about the 
composition of the industry capital in terms of institutional units. In practice, cross-classified 
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investment and capital data for industries and sectors is not easily available. Also, property 
income in an industry has to be split between income of the corporate sector, income of 
unincorporated enterprises owned by households (which implies splitting mixed income by 
industry) and, possibly other institutional units such as non-profit organisations. 

• Tax codes are complex, and fiscal rules vary between countries, sometimes within countries, 
between groups of individuals, and over time. Adjustment of user costs for tax parameters are 
therefore more often approximations than exact representations of the tax structures. This is not 
necessarily a problem because the purpose of tax-adjustment of capital services prices is to bring 
out the quantitatively most important aspects of taxes or subsidies that may affect the cost of 
capital input, and after-tax rates of return. By way of example, two parameters will be discussed 
below: tax rates on capital and profit tax rates for corporations. We shall leave aside the 
interaction between taxes on household income and taxes on corporate profits because this 
interaction requires knowledge about financial structures and dividend policies of corporations36. 

361. With the above remarks in mind, we turn to the measurement of the effective tax rate on capital 
for a corporation. In Section 18.4.1 it had been established that, for an industry as a whole, the ex-post 
income accruing to capital, before taxes, is measured as gross operating surplus, including the capital part 
of gross mixed income (Gt) plus those net taxes on production that relate to capital (TK

t). When it comes to 
tax adjustment, corporate producers have to be considered separately from other institutional units, for 
example households. For the presentation at hand, we focus on corporate producers. Consequently, mixed 
income can be ignored and Gt stands for gross operating surplus only. In Section 16.1 a description was 
provided how ex-post, endogenous rates of return are computed without regard to taxes and for simplicity, 
the formula is repeated here: 

(34) Gt+TK
t = ∑k=1

N P0
k,tB(1+ρt) [rt* + δ0

k(1+ik,t*
 ) � ik;t*

 ]Kk,t 

362. The real rate of return rt* is a rate of return before taxes. When tax parameters are explicitly 
recognized in the user cost calculation, the resulting rate of return will be an after tax rate of return. For 
many analytical purposes, such an after tax rate is more interesting than a rate before tax. To compute this 
tax adjusted real rate of return (ra

t*), the above formula is adjusted for tax parameters, and three37 of them 
will be used here: the effective rate of taxes on capital inputs (tK

k,t), the effective rate of taxes on corporate 
profits (tP

t) and the present value of tax-related depreciation (zk,t). The tax rate on capital inputs and the 
depreciation parameter can be specific to a particular asset and have therefore received a superscript �k�. 
The tax rate on capital inputs is expressed as a percentage of the value of the productive stock of asset k, 
KK,t although other formulations are possible: 

(35) Gt+TK
t = ∑k=1

N [(1-zk,ttp
t)/(1-tp

t)]{P0
k,tB(1+ρt) [ra

t*+ δk(1+ik,t*
 ) � ik;t*

 ]Kk,t }+∑k=1
N tK

k,tP0
k,tKk,t 

 
363. To solve this expression for the after tax rate of return ra

t* it is necessary to know the effective tax 
rates tK

k,t and tP
t and the value of zk,t. To compute the fist parameter, the total payment of �other taxes on 

 
36  This interaction was first dealt with by Hall (1981).  
37  It was already mentioned that more elaborate treatments of the tax system are possible and useful but such an 

exposition would go beyond the scope of this Manual and the reader is referred to the specialized literature, in 
particular Jorgenson and Yun (2001). 
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production� that concerns a particular capital input k (TK
k,t) is divided38 by the value of the productive stock 

of this particular asset: tP
k,t = TK

k,t/(P0
k,tKk,t).  

364. For the income tax parameter tP
t, additional information is required on the total payments for 

corporate profit taxes which we shall label TP
t. Given the total amount of corporate profit taxes, the 

average effective tax rate on corporate profits is total taxes on corporate profits divided by the tax base 
which has been defined here as gross operating surplus minus taxes on capital minus tax-relevant 
depreciation. Note that in general, tax-relevant depreciation is not identical with the depreciation or 
consumption of fixed capital as this Manual has defined it for the purpose of capital measurement. Tax-
relevant depreciation reflects the prescriptions in the tax code that specifies the annual amount deductible 
from pre-tax income. For the capital services price, the time pattern of tax-relevant depreciation is captured 
by the parameter zk,t which reflects the present value of forthcoming tax-relevant depreciation that reduces 
the tax base. The theoretical basis for this treatment goes back to Hall and Jorgenson (1967).  

365. Akin to the treatment of corporate capital incomes, tax parameters can be introduced into user 
cost expressions for unincorporated businesses. In this case, the capital part of gross mixed income plays 
the role of Gt and income taxes on property income payable by households play the role of corporate profit 
taxes TP

t.  

366. Another word of caution is in place with regard to introducing tax parameters into the user cost 
expression. When interpreting for example effective profit tax rates for corporations, it has to be kept in 
mind that income taxes of corporations are typically assessed on the total incomes of corporations from all 
sources and not simply profits generated by production. Similarly, taxes on incomes of households are 
levied on the total declared or presumed income from all source of the household concerned: compensation 
of employees, property income, pensions etc. � this affects the effective marginal and average tax rates on 
property income.  

367. To summarise this section on taxation: whereas it is important and relatively straight forward to 
deal with other taxes on production and allocate them to labour and capital, introducing income and 
depreciation-related tax parameters into the user cost expressions is a more complex undertaking. While of 
significant analytical interest, their implementation requires institutional knowledge and statistical 
information on a country�s tax system. 

18.5 Used assets 

368. The fact that GFCF involves transactions in used assets, which are valued at less than the prices 
of new assets, causes problems for capital stock estimates. Suppose, for example, that enterprise A sells a 
used asset to enterprise B. Enterprise A will report the sale of the asset at its current market value and not 
at the �as new� price which is required for valuation of the gross capital stock. This means that the GFCF 
reported by Enterprise A (its acquisitions less disposals of assets) will be too large for use in the PIM 
because its disposals are valued at (low) market prices instead of at (high) �as new� prices. At the same 
time, Enterprise B will report its acquisition of the used asset from A at the current market price which is 
lower than the �as new� price required for the gross capital stock. B�s reported GFCF (its acquisitions less 
disposals) will be too small for use in the PIM.  

369. The errors caused by the way that A and B report transactions in a used asset will cancel out if 
the records for the two enterprises are consolidated because the overstatement of A�s reported GFCF is 

 
38  This operation implies that TK

t=∑tK
i,tWi,t and the term TK

t can be dropped from the left hand side of  equation (35) 
and =∑tK

i,tWi,t from the right hand side. This does not make the computation of tK
i,t redundant because the unit 

user cost of any particular type of asset still contains this asset-specific tax parameter. 
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exactly matched by the understatement in B�s reported GFCF. There are, however, circumstances in which 
there will be no compensating errors of this kind:  

• Capital stock statistics need to be classified by institutional sector and by kind of activity. If 
transactions in used assets occur between units that are classified to different institutional sectors 
or kinds of activities, errors will be introduced into the sector or activity distribution of the capital 
stock.  

• Second, used assets may move into and out of the domestic economy via imports and exports. If 
a used asset is imported, the acquisition will be recorded at the current market value of the asset 
and GFCF will be understated for PIM purposes. If a used asset is exported, the disposal will be 
valued at current market value and GFCF will be overstated for PIM purposes. In neither case are 
there any offsetting errors because the other partners to the transactions are outside the domestic 
economy.  

• Finally, used assets may move from productive to non-productive uses. In particular, they may 
move between the government or corporate sectors and the household sector. Perhaps the 
commonest example is the sale of used vehicles by car-hire companies to households. In this case 
there is no offsetting entry to the overstatement of GFCF by the car-hire companies because the 
purchase of the used cars by households does not count as capital formation.  

370. How important are the errors that may be introduced into the gross stock estimates because of 
transactions in used assets? And what can be done about them?  

371. As regards errors in the distribution of the stock by sector and activity, the size of the problem 
depends partly on the degree of detail in the sector or activity breakdowns that are used. This suggests that 
countries should be modest in the amount of activity detail given in their stock estimates, at least in the 
initial stages of developing these statistics. The importance of the problem also depends on the extent to 
which assets can be used in different industries. Most plant and machinery is industry-specific but 
buildings may often move between sectors and activities. A shop may become a bank, a factory may be 
used for different types of manufacturing or a railway station may become a museum. In order to make 
corrections for movements of assets between sectors and activities it is necessary to identify transactions in 
used assets separately from transactions in new assets.  

372. Imports and exports of used assets may be quite significant for some countries but they do not 
cause problems additional to those mentioned above. Whether a producer sells a used asset to another 
domestic producer or to abroad, all that is required is to identify the sale as that of a used asset and make 
whatever upward adjustment is required to the disposal value. Similarly, if a producer purchases a used 
asset from abroad, exactly the same kind of adjustment is required as when the asset is acquired from a 
domestic source.  

373. As regards movement of assets from producers to households, it seems likely that in most 
countries, the only significant transactions are in used vehicles sold by producers to households. A 
reasonable assumption that could be made here is that all sales of used passenger cars by producers are to 
households. Provided that sales of used cars can be identified in the records of producers it is possible to 
adjust disposal values to �as new� prices and eliminate this source of error.  

18.6 Users and owners of capital assets 

374. When assets are leased or rented, owners and users of assets may be in different units. In this 
context, the national accounts distinguish between financial and operational leases. If assets are rented on a 
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financial lease the user is considered to be the owner of the asset. In the case of an operational lease user 
and owner are separate institutional units. In practice there are many types of leases and it is often difficult 
to decide whether a given leasing arrangement belongs in the operational or financial categories. It has 
sometimes been argued that for some analytical purposes such as productivity measurement it may be 
useful to classify assets according to the kind of activity of the user of the asset rather than that of the 
owner, the idea being that the contribution of capital to production should be measured in those units 
where it occurs, and not in those units that own the assets.  

375. It should be noted, however, that when assets are classified by user, the statistics cannot be 
related to other flows in the national accounts because these are compiled on an ownership basis. In 
particular, the distribution of value added among different kinds of activities depends on asset ownership 
rather than on asset use. If assets are rented on an operational lease, the income generated by the asset 
appears in the value added of the owner and not that of the user. This is because the rental payment is 
deducted as intermediate consumption from the gross output of the user and appears in the gross output of 
the owner. Thus, the computation of capital services on a user basis without correcting the flows of 
intermediate inputs for the payments to asset owners will give rise to biased cost shares of capital. 
Conceptually, an operational lease is simply a purchase of intermediate inputs � capital services � and 
should be treated as such.  
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In the theoretical model and in line 
with national accounts practice, 

investment is assumed to take place 
at mid-period. 

PART III: CAPITAL STOCKS AND CAPITAL SERVICES � THEORY 

19 THE MODEL 

376. The purpose of this chapter is to present, at some detail, the formal model behind capital 
measures. Although theoretical, this presentation is targeted towards implementation, i.e., it takes account 
of issues such as valuation of flows at mid-period prices that are relevant for national accounts and which 
sometimes complicate an algebraic presentation. At the same time, these considerations are indispensable 
for implementation of capital services measures. This part of the Manual starts out with a chapter on the 
derivation of user costs and its elements, the return to capital, depreciation and revaluation. It continues 
with the price-volume split of the value of capital services and finishes with capital measures in balance 
sheets. 

19.1 Deriving user costs 

377. User costs of capital are the price that the owner-user of a capital good �pays to himself� for the 
service of using his own assets. Alternatively, user costs correspond to the marginal returns generated by 
the asset during one period of production. In a perfect market, and defining away any labour and 
intermediate costs for supplying a rental, user costs would take 
the same value as the rental that the owner of a capital good 
could achieve if he rented out the asset during one period for 
use in production.  

378. The basic idea of user costs can be traced back to 
Walras (1874) but modern formulations of this fundamental 
relation in capital theory and its role in capital measurement are due to Jorgenson (1963), Christensen and 
Jorgenson (1973) and Diewert (1974). All formulations build on the idea that the price of an asset equals 
the discounted value of the net benefits that it is expected to generate in the future. There are different 
variants of setting up this relation. For example, it can be assumed that (internal) payments for using the 
asset arise at the beginning or at the end of the accounting period. There is also a question at which 
moment a newly purchased asset starts delivering capital services. This may be immediately at the moment 
of its purchase or there may be a lag. For the purpose at hand, we shall make the following assumptions 
which facilitate the link to national accounts information and are consistent with national accounts 
principles: 

• A national accounts convention stipulates that investment should be measured as the average 
flow during the period and should be valued at average prices of the period. We approximate this 
convention by assuming that investment takes place at mid-period and is valued at mid-period 
prices. We shall denote the volume of investment in new capital goods of a particular type i as Ii,t 
the assumption being that investment takes place at the mid-point of period t. This flow is valued 
at the average price of a base period t0, P0

i,t0 = (P0
i,t0B+ P0

i,t0E)/2 = 1 which we have set to equal 
unity for simplicity. Furthermore, the letters �B� and �E� have been added to the superscripts of 
the prices P0

i,t0B and P0
i,t0E to indicate that these are the new asset prices at the beginning and at 

the end of period t0. The subscript that comes with the price measure indicates the age of the asset 
so that the price of a new asset has a zero subscript. [Ii,t , Ii,t-1, Ii,t-2,�] is a time series of constant 
price investment as normally found in the national accounts. The discard of assets, it is assumed, 
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takes place at the end of periods. The only reason for this assumption is simplicity of exposition 
and calculation. In some cases such as geometric rates of depreciation and age-efficiency, this is 
irrelevant because the service life approaches infinity. 

• Given information available at the beginning of period t, we shall define the expected rate of 
price change of capital good i between the beginning and the end of the period as i(tB)

i,t = 
P0

i,tE/P0
i,tB-1. Although expectations about the asset price change depend on the moment when 

they are formed (indicated with the subscript tB), they are supposed to apply to all future periods. 
That is, the expected rate of price change two periods ahead is given by  P0

i,t+2B/P0
i,tB=(1+ i(tB)

i,t)2 , 
the expected rate of price change three periods ahead by (1+ i(tB)

i,t)3 and so on. Thus, we can drop 
the superscript t but we shall retain the subscript (tB) to refer to the fact that expectations about 
future price changes can change as the available information changes. 

• Flows of payment or monetary benefits from using the asset are discounted by the nominal rate r. 
Like the expected rate of price change, the nominal interest rates may change over time as it 
depends on information available at the beginning of each period. For example, the nominal 
discount rate expected for the future periods at the beginning of period t, will be denoted r(tB). We 
shall assume a constant term structure of the interest rate, i.e., the two-period interest rate 
relevant under an information set of t is (1+r(tB))2 etc. 

• Payments take place at the end of the period. This is an arbitrary assumption, and a beginning-of 
the period payment is equally plausible. For national accounts purposes, a mid-period payment 
would be the most natural approach. For implementation, all the following derivations have to be 
derived in parallel on the basis of beginning of the period rental payments and the resulting 
expressions have to be averaged with those derived from an end-of period perspective. There is 
no major difficulty involved, but a lengthy and tedious presentation which we leave aside at this 
point. 

379. It is now possible to formulate the equilibrium condition that the value of an asset corresponds to 
the future discounted benefits that is generates. To avoid overloading the notation, we drop the superscript 
i for the moment but it should be understood that all derivations relate to a single type of asset. When 
needed such as in the discussion of aggregation across asset types, the index will be re-introduced. 

(36) Pn
tB = fn

t (1+r(tB))-1 + fn+1
t+1 (1+r(tB))-2 + fn+2

t+2 (1+r(tB))-3 + �  n=0.5; 1.5; 2.5; 

380. Equation (36) stipulates that the price of an n-year old new asset at the beginning of period t, Pn
tB 

equals the sum of rental payments {fn
t, fn+1

t+1, �}, each discounted to the beginning of year t. The rental 
payments occur at the end of each accounting period. Note the somewhat unusual indexation of n, with 
values of 0.5, 1.5, etc. This reflects the national accounts assumption of mid-year investment: at the 
beginning of period t, the youngest asset is just half a year old, so n=0.5. Investment goods purchased in 
the middle of period t-2 are 1.5 years old at the beginning of period t and so on. Thus, expression (36) 
relates only to those assets that are already in place at the beginning of the period.  Assets that are 
purchased during period t are dealt with separately. To derive a user cost equation, shift expression (36) by 
one period without, however, changing the information set that will be kept at tB: 

(37) Pn+1
t+1B = fn+1

t+1 (1+r(tB))-1 + fn+2
t+2 (1+r(tB))-2+ fn+3

t+3 (1+r(tB))-3 + � 

381. Multiply (36) by 1+rtB and subtract (37) from the resulting expression to get 

(38) Pn
tB(1+r(tB)) � Pn+1

t+1B = fn
t ; n=0.5; 1.5; 2.5;� 
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where the asset price Pn+1
t+1B is an expected variable given that the above relationship has been developed 

under an information set available at the beginning of period t. The asset price at the beginning of period 
t+1 equals the asset price at the end of period t, so Pn+1

t+1B  can be replaced by Pn+1
tE. 

382. New assets that are being purchased during period t generate half a period of rentals and will be 
called fH0

t. Note that this half-year rental cannot be directly compared to rentals {fn
t} which relate to 

payments for a full period. The exact user cost relation for new assets (based on available information at 
the beginning of period t) is 

(39) P0
t(1+r(tB)/2 ) � P0.5

tE = fH0
t. 

383. However, to keep things more tractable and in all probability with little consequences from a 
practical perspective, we shall simply take the half-period user cost fH0

t to correspond to half of a 
hypothetical user cost that an asset would fetch had it been purchased at the beginning of the period. Thus, 
for the remainder of the discussion, the following approximation will be made: 

(40) fH0
t ≈ f0

t/2 = [P0
tB(1+r(tB)) � P1

tE]/2.  

19.2 De-composing user costs 

384. The next step consists of de-composing the user cost expression and to aggregate over vintages to 
derive expressions for depreciation, net return to capital and revaluation. We shall first tackle the set of 
existing assets and then look at new assets. To this end, we measure the rate of depreciation d of an n-year 
old asset during period t, as the percentage difference between the value of an n-year old asset and an n+1 
year old asset. Strictly speaking, this is an expected rate, depending on the information available at the 
beginning of period t. There should thus be a subscript indicating the information set but to overload 
notation, this is omitted. Another simplification is the assumption, that, for every information set, there is 
only one set of depreciation rates. Thus, the (expected) rate of depreciation of a 2-year old asset in the 
current period is the same as the (expected) rate of depreciation of a 2-year old asset in future periods:   

(41) δn ≡ (Pn
tE - Pn+1

tE )/Pn
tE  = 1 - Pn+1

tE/Pn
tE = (Pn

tB - Pn+1
tB )/Pn

tB . 

385. Turning to the user cost expression (38), the price difference between an n-year old asset at the 
beginning of the period and an n+1 year old asset at the end of the period, Pn

tB � Pn+1
tE can be decomposed 

into a price difference that reflects depreciation and into a price change that reflects revaluation or holding 
gains and losses. There are different ways of breaking out the two components and we follow Balk and van 
den Bergen (2006) and take an average of two possibilities. More specifically, we define the value of 
depreciation per asset dn

t that is n years old at the beginning of period t as the product of the rate of 
deprecation and the average price of the asset during the period. This corresponds to the required treatment 
of depreciation or consumption of fixed capital in the System of National Accounts. The derivation is 
shown in the expression below. 

(42) dn
t = 0.5[(Pn

tB � Pn+1
tB) + (Pn

tE � Pn+1
tE)] 

  = 0.5[Pn
tB(1� Pn+1

tB/Pn
tB ) + Pn

tE (1 � Pn+1
tE/Pn

tE)] 
  = 0.5[Pn

tBδn + Pn
tE δn ] 

  = δn0.5[Pn
tB + Pn

tE] 
  = δnPn

t 
  = Pn

tBδn (1+i(tB)/2);  for n= 0.5; 1.5; 2.5;� 
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386. Half-year depreciation for a new asset dH0
t will simply be treated as dH0

t=d0
t/2= δ0P0

t/2. Given the 
value of depreciation for an n-year old asset, the revaluation or holding gains and losses per unit of an n-
year old asset which makes up the difference to the total change in asset value, Pn

tB � Pn+1
tE is measured as: 

(43) zn
t  = 0.5[(Pn

tE � Pn
tB) + (Pn+1

tE � Pn+1
tB)] 

  = 0.5[Pn
tB(Pn

tE/Pn
tB-1) + Pn+1

tB(Pn+1
tE/Pn+1

tB-1)] 
  = 0.5[Pn

tB i(tB) + Pn+1
tB i(tB) ] 

  = i(tB)
 0.5[Pn

tB + Pn+1
tB] 

  = Pn
tB i(tB) 0.5 [1 + Pn+1

tB/ Pn
tB] 

  = Pn
tB i(tB) 0.5 [2 - δn

 ] 
  = Pn

tB i(tB) [1 - δn/2]   for n= 0.5; 1.5; 2.5;� 
  

387. The last line of this expression contains the term Pn
tB [1-δn/2]: the beginning of the year price of 

an asset, corrected for half a year�s depreciation. This can also be taken as a (close) approximation to the 
value of an asset that is n+0.5 years old which corresponds to the average age of the asset during the 
accounting period. Thus, revaluation during period t is measured as the beginning of the year value of an 
asset that is on average n+0.5 years old, multiplied by the expected price change during the period. Again, 
for new assets, revaluation will be set at zH0

t=z0
t/2 = P0

tB i(tB) [1 � δ0/2]/2 ≈ P0.5
tB i(tB)/2. Then, the user cost 

per unit of an asset that is n years old at the beginning of the period, and assuming that rental payments 
take place at the end of the period, is 

(44) fn
t  = Pn

tB(1+r(tB)) � Pn+1
tE 

   = Pn
tBr(tB) + dn

t � zn
t  

   = Pn
tBr(tB) + Pn

tBδn (1+ i(tB)/2) - Pn
tB i(tB) (1 - δn/2)   for n=0.5; 1.5; 2.5;� 

 
 fH0

t  = (P0
tBr(tB) + d0

t � z0
t)/2. 

388. The expressions above provide the basic de-composition of the unit user cost for new and for 
vintage investment into 

• a return on capital, Pn
tBr(tB) obtained by applying the expected rate of return during the period to 

the value of the capital good at the beginning of the period; 

• an (expected) depreciation charge dn
t;   

• an (expected) revaluation term zn
t which reflects the expected rise in prices of the asset, for a 

given asset age.  

389. Each term is part of a flow, the marginal benefit from using the asset during t. We shall now take 
a closer look at each of the three components, starting out with depreciation and then turning to the return 
on capital and revaluation. 

19.3 Depreciation 

390. The total value of depreciation for an n-year old asset is obtained by multiplying the unit value of 
depreciation by the total quantity of vintage investment of age n:  

(45) Dn
t   =  dn

tIt-n-0.5 = Pn
tBδn (1+ i(tB)/2)It-n-0.5, for n=0.5; 1.5; 2.5;� 

 
 DH0

t  =  d0
tIt/2  = P0

tBδ0 (1+ i(tB)/2)It/2. 
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391. The implicit assumption in this calculation is that all investment in a particular period is by way 
of new capital goods. In practice, this is not necessarily the case and one would need to distinguish, for 
every flow of investment during t, the vintage composition of this investment. However, doing so adds 
another dimension of complexity due to the need to trace all flows of investment by vintage. To avoid this 
complication, we assume that all investment is in new goods only39. The severity of this assumption 
depends on the volume of transactions in second hand assets compared to the purchase of new assets and 
on how much of the transactions in second-hand assets occur within the sector or the industry under 
consideration. With these caveats in mind, we obtain a measure of depreciation that is the product of the 
depreciation rate δn and the volume of (n+0.5)-year old investment goods, valued at average prices of 
period t. The total value of depreciation or consumption of fixed capital for a given asset type is measured 
as: 

(46) Dt = DH0
t + D0.5

t + D1.5
t + � 

  = P0
t δ0It/2 + δ0.5P0.5

t It-1 + δ1.5P1.5
t It-2 +� 

392. Several remarks are in place concerning this expression. First, depreciation can now be related to 
the age-price profile. The age-price profile, as explained earlier in this Manual, shows how the purchase 
prices of different vintages of the same asset relate to each other. We shall denote the age-price profile for 
a given type of asset as ψn≡Pn

t/P0
t (n= 0.5; 1.5; �). There is a one-to-one link between the depreciation 

profile and the age-price profile as can easily be verified from the definition of the rate of depreciation: δn= 
1-ψn+1/ψn so that δnψn= ψn-ψn+1. By collecting P0

t in the above expression, one obtains:  

(47) Dt = P0
t [δ0It/2 + δ0.5ψ0.5

 It-1 + δ1.5ψ1.5
 It-2 +�] 

  = P0
t [(1-ψ 0.5) It + (ψ0.5- ψ1.5) It-1 + (ψ1.5- ψ2.5) It-2 +�] 

393. The last line in the above expression shows how the value of depreciation can be expressed with 
the age-price profile only. Every vintage of an n-year old investment is multiplied by the equivalent of a 
depreciation profile, i.e., a one-year difference in the age-price pattern (ψn-0.5- ψn+0.5) for n=1, 2, �. For the 
most recent vintage of investment, we have set δ0/2=1-ψ 0.5. 

394. The discussion in this Chapter has been conducted in terms of a single asset, but it should be well 
understood that in general the age-price profile {ψn} relates to a cohort of assets and should reflect the 
retirement profiles around which individual assets of the same cohort are distributed. How age-price 
profiles for entire cohorts can be derived empirically has been described in Section 13.3. 

395. The second remark concerning expression (47) refers to the special case of geometric age-price 
profiles. Under constant geometric depreciation rates, the measurement of total depreciation simplifies to 
applying a constant rate of depreciation to the wealth or net stock at prices of the current period. In the 
absence of geometric rates of depreciation, the total value of depreciation cannot be expressed as a 
proportion of the wealth stock and one has to keep track of the vintage-specific rates and values of 
depreciation for every type of asset. However, for geometric depreciation, if δn=δ for n=0.5, 1.5, 2.5, �, 
total depreciation becomes  

(48) Dt (geometric) = δ P0
t [It/2+ ψ0.5

 It-1 + ψ1.5
 It-2 +�] 

      = δ P0
t [It/2 + WtB]. 

396. Here, the rate of depreciation applies to the stock at the beginning of the year, WtB=ψ0.5 It-1 + ψ1.5 
It-2 + ψ2.5 It-3 + � , and to half of the investment undertaken during year t. The current price expression for 
depreciation of an asset group (47) is also a useful starting point to examine possible price-volume splits of 
depreciation. A natural price index for depreciation is the mid-year price index of new assets, P0

t. Then, the 
 
39. See Balk and van den Bergen (2006) for a system of vintage accounts as used by Statistics Netherlands that takes 

transactions in used assets into account.   
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term [δ0It/2 + δ0.5ψ0.5It-1 + δ1.5ψ1.5
 It-2 +�] constitutes the volume part of depreciation, expressed in 

(constant) prices of the reference year by which the investment series have been deflated. A chain 
Laspeyres volume index of depreciation for a particular asset type between period t and t-1 as would 
typically fit into a system of national accounts40, would then be set up in the following manner: 

(49) QL
t/t-1(D) =  P0

t-1 [δ0It/2 + δ0.5ψ0.5
 It-1 + δ1.5ψ1.5

 It-2 +�]/Dt-1 
     =  (Dt/Dt-1)/(P0

t/P0
t-1). 

397. The extension from the single asset type perspective to a measure that encompasses all assets is 
relatively straight forward. Use the superscript k to denote one of N asset types (k=1,2,�N). The total 
value of depreciation for all N asset types at current prices and the corresponding Laspeyres-type volume 
index are: 

(50) Dt = ∑i=k
N Dk,t  and  

  

(51) QL
t/t-1(D) = ∑k=1

N Dk,t-1 QL
k,t/t-1(D)/Dt-1. 

19.4 Return to capital and revaluation or holding gains 

398. We now turn to the two other elements of user costs, namely the return to capital and revaluation. 
It is not by accident that these two terms are treated together. Return to capital and revaluation are 
indicators that an investor would consider jointly: the return to capital corresponds to the (expected) return 
that an investor would require at the end of the day once allowance has been made for depreciation and 
revaluation. Thus, the expected return minus expected revaluation corresponds to the return that an asset 
has to generate from �normal� business activity, and net of depreciation.  If an asset undergoes a lasting 
price decline (i.e., there is an expectation of holding losses), the asset has to generate a large income from 
normal business to make up for the holding loss so that the rate of return  r(tB) corresponds to the return that 
the market expects, given a certain level of risk of the business operation. There is a direct correspondence 
with financial assets. For example, the rate of return to a bond is composed of interest payments (the 
equivalent to return from �normal� business for a fixed asset) and of price changes of the bond. The 
difference between interest payments and price changes is the rate of return to the bond. For a particular 
fixed asset type i, the return Rt is measured as: 

(52) Rt = P0
tBr(tB)It/2 + P0.5

tBr(tB) It-1 + P1.5
tBr(tB) It-2+ P2.5

tBr(tB) It-3 + � 
  = r(tB)[ P0

tBIt/2 + P0.5
tBIt-1 + P1.5

tBIt-2+ P2.5
tBIt-3 + �] 

  = r(tB) P0
tB [It/2 + ψ0.5It-1 + ψ1.5It-2+ ψ2.5It-3 + �] 

  = r(tB) P0
tB [It/2 + WtB]  

 
 where WtB = ψ0.5 It-1 + ψ1.5 It-2 + ψ2.5 It-3 + � is the wealth or net capital stock of a particular 
asset type at the beginning of year t, measured in base-year prices. For revaluation Zt one gets  

(53) Zt = P0
tB (1-δ0/2)i(tB)It/2 + P0.5

tBi(tB)(1-δ0.5/2)It-1 + P1.5
tBi(tB)(1-δ1.5/2)It-2 + P2.5

tBi(tB)(1-δn/2) It-3+�   
 = i(tB)P0

tB [(1-δ0/2)It/2 + ψ0.5(1-δ0.5/2)It-1 + ψ1.5(1-δ1.5/2)It-2+ψ2.5(1-δn/2) It-3+� ] 
 = i(tB)P0

tBWt.  

 
40. Where volume indices in national accounts are based on the Fisher ideal index number formula, this can easily be 

accommodated by constructing a Paasche volume index and by forming the geometric average between the 
Laspeyres and the Paasche index. 
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399. Wt = 0.5(WtB+WtE) is the average net stock during period t, valued at prices of a reference 
period. That the transformation in the last line of (53) is valid can be shown formally41 but inspection of 
the expression conveys also the intuition. By way of example, take the element ψ0.5(1-δ0.5/2)It-1. It 
represents investment in period t-1, with a weight of ψ0.5(1-δ0.5/2). If we were dealing with the beginning of 
the year net stock, the weighting factor would be ψ0.5, if it were the end of the year capital stock, the 
weighting factor would by ψ1.5. The term(1-δ0.5/2) takes off about half a period�s depreciation so that the 
weighting factor ψ0.5(1-δ0.5/2) corresponds to an average weighting factor for a one-year old asset: ψ0.5(1-
δ0.5/2)=( ψ0.5+ψ1.5)/2. 

400. Combined return on capital and revaluation in their general version and under the geometric 
formula are then: 

(54) Rt - Zt        = r(tB) P0
tB [It/2 + WtB]- i(tB)P0

tBWt. 
 Rt(geometric) � Zt(geometric) = [r(tB) - i(tB) (1-δ/2)] P0

tB[It/2 + WtB]. 

19.5 Total user costs and the productive capital stock 

401. As a next step, the various elements are brought together for an overall measure of the user costs 
of capital. For presentational ease, and because adding up the user costs of different types of assets does 
not pose any particular problem, our exposition is still in terms of a single type of asset. Total user costs Ut 
are the sum of user costs across all vintages or equivalently, the sum of the return to capital, depreciation 
and revaluation: 

(55) Ut = fH0
tIt + f0.5

tIt-1+ f1.5
tIt-2 + f2.5

tIt-3+� 
  = Rt - Zt  + Dt 
  = r(tB) P0

tB [It/2 + WtB]- i(tB)P0
tBWt + P0

t [δ0It/2 + δ0.5 ψ0.5
 It-1+ δ1.5 ψ1.5

 It-2 + δ2.5 ψ2.5
 It-3 +�]. 

402. When depreciation rates follow a geometric pattern, the same expression simplifies to a term that 
is proportional to the net stock of assets: 

(56) Ut (geometric) = Rt - Zt + Dt (geometric)  
      = [r(tB) - i(tB) (1-δ/2)] P0

tB[It/2 + WtB]+ P0
t δ[It/2 + WtB] 

      = [r(tB) - i(tB) (1-δ/2) + δ(1+i(tB)/2)] P0
tB[It/2 + WtB] 

403. From a practical perspective, the expressions (55) and (56) play an important role. They show 
how the total value of capital services can be built up but more importantly, how it can be decomposed into 
its component parts. As will be shown presently, there is an alternative way to measure Ut as a whole with 
the help of the productive capital stock and then de-compose it into a price and a volume component. But 
the above expressions remain the only valid way of breaking down total user costs into their current price 
components return to capital, revaluation and depreciation.  

404. To explore the alternative way of measuring Ut, we make use of the first line of (55) which 
simply states that total user costs are the sum of the user costs of all vintages of capital: 

 
41. The difference between the net stock at the end and at the beginning of the period is investment minus 

depreciation (all in prices of the same reference period): WtE=WtB+It-Dt/P0
t. Then, the average stock during period 

t, Wt equals 

 Wt =0.5(WtB+WtE) 
 =0.5(WtB+WtB+It-Dt/P0

t) 
 =WtB+It/2-(δ0It/2+δ0.5ψ0.5It-1+δ1.5ψ1.5It-2+�)/2 
 =(ψ0.5It-1+ψ1.5It-2+�)+It/2-(δ0It/2+δ0.5ψ0.5It-1+δ1.5ψ1.5It-2+�)/2 
 =(1-δ0/2) It/2+ ψ0.5(1-δ0.5/2) It-1+ψ1.5(1- δ1.5/2) It-2+ψ2.5(1- δ2.5/2) It-3+� 
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(57) Ut = fH0
tIt + f0.5

tIt-1+ f1.5
tIt-2 + f2.5

tIt-3+� 
  = f0

t
 It/2+ f0.5

tIt-1+ f1.5
tIt-2 + f2.5

tIt-3+� 

405. Before proceeding further, it is necessary to formally define an age-efficiency function for a 
particular type of asset. The age-efficiency function, as has been explained at length in other parts of this 
Manual (Chapters 3, 3.2, 11) indicates an asset�s loss in productive efficiency with age. The age-efficiency 
function will be labelled {hn; n=0, 0.5, 1.5, �}. This requires some extra explanation. First, in line with 
our general set up, we are interested in age-efficiency ratios of assets with half a period of age, 1.5 periods 
of age and so forth relative to a new asset. Note there is a time dimension to the asset efficiency measure � 
it can be thought of as the number of capital services per accounting period. Thus, the comparison of the 
efficiency measures for assets of different age has to be based on the same length of period for which the 
amount of capital services is compared. User costs also have time dimension, they represent the costs of 
using the asset for one accounting period. As explained earlier, the half-year user cost of a new asset in our 
model is taken to be half the full year user cost for a new asset42.  

406. Second, the age-efficiency sequence {hn} is declining with asset age, and h0 is typically set to 
equal one. The use of an age-efficiency sequence implies that the marginal efficiency of capital goods of 
different vintages can be expressed in efficiency units of a new asset which is tantamount to assuming 
perfect substitutability of capital services of different age. As will presently be seen, the perfect 
substitution hypothesis (Jorgenson 1973) leads to a simple aggregation procedure for capital services43.  

407. Third, economic theory suggests (Hulten 1990) that a cost-minimising producer will use the 
different vintages of capital goods such that the relative unit costs of using different vintages correspond to 
their relative efficiency. This is intuitively plausible. If a five year old vintage produces half as many units 
of capital services as a new capital good, the user cost of a new asset, measured per physical unit, should 
be twice as high as the user cost of a five year old asset. A further simplification consists in the assumption 
that the age-efficiency function is time-invariant. With these remarks in mind, the following relationship 
holds for a cost-minimising user of capital goods: 

(58) hn = fn
t/f0

t  for n=0.5; 1.5;� . 

408. The value in (57) for user costs of an asset can now be expressed by way of the age-efficiency 
profile. A simple division by the unit user cost for a new asset, f0

t yields: 

(59) Ut = f0
t [It/2 + h0.5 It-1+ h1.5 It-2 + h2.5 It-3+�] 

  = f0
t Kt. 

409. Here, the variable Kt stands for the mid-period productive capital stock, expressed at mid-year 
prices of a base period and before making any allowance for the efficiency decline of new assets during the 
second half of year t:  

(60) Kt = It/2 + h0.5It-1 + h1.5It-2 + h2.5It-3 +�   

410. There are two practical consequences that follow from the above. The first consequence is that 
the total value of capital services can be computed in two different ways: by adding up the value of user 
costs for each vintage or by expressing vintage investment in terms of new-equivalent efficiency units, 
adding them up to the productive capital stock and valuing the latter with the user cost for a new asset. The 
two options yield equivalent results but they rest on the assumptions about perfect substitutability between 
 
42. Because of the present set-up where investment takes place at mid-period, f0

t is a hypothetical price � it is the user 
cost that would be charged if new investment took place at the beginning of the period. 

43. Diewert and Wykoff (2006) make this point and use the Jorgensonian assumption of perfect substitution between 
vintages in their discussion of deterioration and obsolescence. 
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vintages in production and time-invariance of the age-efficiency profile. For many practical applications, 
computation via the productive stock is a quicker way to measure the value of capital services and to split 
them into a price-volume component but if the two assumptions (substitutability and time-invariance) are 
rejected, the appropriate way of calculation is via (57) which constitutes the general expression for user 
cost measurement. 

411. A second consequence is that when the current user costs are computed by way of the productive 
stock, a price-volume split of the value of capital services follows directly (see next Section). However, if a 
de-composition of the user costs into a value of depreciation, return to capital and revaluation is desired, it 
will always be necessary to revert to the general expressions (57) or (55). For example, consider the 
expression f0

tKt which provides a user cost value via the productive stock. From earlier discussions, it is 
known that the unit user cost for a new asset f0

t=2fH0
t= (P0

tBr(tB) + d0
t � z0

t). Thus,  

(61) Ut = f0
t Kt = (P0

tBr(tB) + d0
t � z0

t)Kt. 

412. But it is not generally the case that the total value of depreciation, return to capital or revaluation 
can be derived from (61): 

(62) d0
tKt   ≠ Dt  

 P0
tBr(tB)Kt  ≠ Rt  

 z0
tKt   ≠ Zt . 

413. The exception to this rule is again the case of geometric depreciation. A significant simplification 
arises because under geometric depreciation, and at the level of an individual (type of) asset, the net capital 
stock and the productive capital stock at prices of a reference year coincide. This is a direct consequence of 
the fact that for geometric patterns of depreciation, the age-price profile and the age-efficiency profile 
coincide: 

(63) hn  =  fn
t/f0

t  
   =  Pn

tB(r(tB) + δ(1+ i(tB)/2) - i(tB))/P0
tB(r(tB) + δ(1+ i(tB)/2) - i(tB)) 

   =  Pn
tB/P0

tB 
   =  Pn

t/P0
t 

   =  ψn 

414. From this equality, it follows immediately that WtB = KtB. 

415. The general purpose of (61) is to obtain a total measure of the cost of capital, and not a split into 
its constituent parts. For this purpose, we can also express it in the more familiar form of a user cost term 
with a rate of return, a rate of depreciation and a rate of revaluation: 

(64) Ut = (P0
tBr(tB) + d0

t � z0
t)Kt 

  = P0
tB[r(tB) + δ0 (1+i(tB)/2) � i(tB)(1- δ0/2)]Kt 

  = P0
tB[r(tB) + δ0 (1+i(tB)) � i(tB)]Kt 

416. For many practical purposes it is easier to operate with real rates of return and with real rates of 
holding gains or losses. Let the consumer price index for the economy at the beginning of period t be ctB 
and let anticipated end of period consumer price index be ctE. Then the expected general consumer inflation 
rate for period t at the beginning of period t is ρ(tB)

 , defined by the following equation: 

(65) 1+ρ(tB)
  = ctE/ctB. 

417. The anticipated general inflation rate for period t along with the nominal interest rate can be used 
to define the period t anticipated real interest rate r(tB)

* and the period t anticipated real asset inflation rate 
or real rate of holding gains/losses i(tB)

* as follows: 
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(66) 1+r(tB)
*  = (1+r(tB))/(1+ρ(tB)) 

 1+i(tB)
*  = (1+i(tB))/(1+ρ(tB)). 

418. Now substitute (66) into the user cost expression (64) which can now be presented in terms of 
real asset inflation and revaluation rates, multiplied by an index of the overall expected change in the 
economy�s price level: 

(67) Ut  = P0
tB[r(tB) + δ0 (1+i(tB)) � i(tB)]Kt 

  = P0
tB[1 + r(tB) + δ0 (1+i(tB)) � (1+i(tB)) ]Kt 

  = P0
tB(1+ρ(tB)) [r(tB)

* + δ0 (1+i(tB)
*
 ) � i(tB)

*
 ]Kt 

 Ut(geometric) = P0
tB(1+ρ(tB)) [r(tB)

* + δ(1+i(tB)
*
 ) � i(tB)

*
 ][It/2+WtB] 

419. These expressions for the general and for the geometric case are important for empirical 
implementation because they provide the natural starting point for the price-volume split of the total value 
of capital services as set out in the next Section.  

19.6 Price-volume split of capital services 

420. Having derived the total value of capital services at prices of the period t, it is of interest to 
decompose a value change between two periods into a price and volume component. Measuring the change 
in the volume of capital services is a key ingredient to the measurement of multi-factor productivity (see 
OECD 2001a). Here, the relation Ut=f0

tKt provides a convenient way of breaking the value change in 
capital services Ut/Ut-1 into a price and into a volume component44. It was shown above (expression (67)) 
that the capital services price for a new asset is  f0

t = P0
tB(1+ρ(tB)) [r(tB)

* + δ0(1+i(tB)
*
 ) � i(tB)

*
 ] which equals  

P0
tB[r(tB) + δ0(1+i(tB) ) � i(tB)] when expressed in nominal variables. For a single type of asset, the volume 

component is simply the change in the productive stock Kt/Kt-1. This fits in with the idea that the flow of 
capital services is a constant proportion of the productive stock. By implication, the change in the quantity 
of capital services can be measured by the change in the quantity of the productive capital stock: WtB = KtB. 
We could also have started with the more general formulation (57) and derive, for example, a quantity 
Laspeyres index across vintages of investment: 

(68) QL
t/t-1(U) =  [f0

t-1
 It/2+f0.5

t-1 It-1+f1.5
t-2 It-2+f2.5

t-3 It-3+� ]/Ut-1 
    =  f0

t-1 [It/2+h0.5
 It-1+h1.5

 It-2+h2.5It-3+�]/Ut-1 

    =  f0
t-1 Kt/Ut-1 

    =  f0
t-1 Kt/ f0

t-1 Kt-1 

    =  Kt/Kt-1. 

421. With time-invariant age-efficiency functions and perfect substitutability between vintages of 
assets, the choice of the index number formula is irrelevant in the aggregation process across vintages. It is 
readily shown, for example that a Paasche type volume index would also produce Kt/Kt-1 as the measure 
for the volume change in capital services for a particular type of asset. However, the choice of index 
number formulae matters when moving from a single type of asset to multiple assets. To discuss these 
aggregation procedures, it is necessary to re-introduce the subscript k to distinguish k=1,2,�N different 
types of assets. The chain Laspyeres index and the chain Paasche index for the volume change of total 
capital services are: 

(69) QL
t/t-1(U) = ∑k=1

Nf0
k,t-1 Kk,t/∑k=1

Nf0
k,t-1 Kk,t-1 

    

 QP
t/t-1(U) = ∑k=1

Nf0
k,t Kk,t/∑k=1

Nf0
k,t Kk,t-1 . 

 
44. For a more general formulation of aggregation across vintages and assets see Diewert and Lawrence (2000) and 

Diewert and Schreyer (2006). 
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422. Again, the same results could have been derived from defining Laspeyres or Paasche indices for 
the more general user cost formula based on vintage investment instead of productive stocks and 
aggregating simultaneously across vintages and across types of assets.  

19.7 Links between the age-price and the age-efficiency profile 

423. At this point, it is useful to spell out the links between the age-efficiency profile hn and the age-
price profile ψn in the non-geometric case. Recall the optimum condition (58) which says that a cost-
minimising producer will use capital goods of different age such that their relative productive efficiency 
equals the relative rentals for these assets: hn=fn

t/f0
t and combine it with the asset market equilibrium 

condition to derive an expression for the age-price function ψn: 

(70) 

...)r()i(f)r()i(f)r)(i(f
...)r()i(f)r()i(f)r)(i(f

...)r()i(f)r)(i(f)r(f
...)r()i(f)r)(i(f)r(f

...)r(f)r(f)r(f

...)r(f)r(f)r(f

P/P

*
)tB(

*
)tB(

t*
)tB(

*
)tB(

t*
)tB(

*
)tB(

t

*
)tB(

*
)tB(

t
n

*
)tB(

*
)tB(

t
n

*
)tB(

*
)tB(

t
n

)tB(tB
t

)tB(tB
t

)tB(
t

)tB(tB
t
n)tB(tB

t
n)tB(

t
n

)tB(
t

)tB(
t

)tB(
t

)tB(
t
n)tB(

t
n)tB(

t
n

tBtB
nn

+++++++++

+++++++++
=

++++++++
++++++++

=

++++++

++++++
=

=ψ

−+−−

−
+

−
+

−

−+−−

−
+

−
+

−

−+−+−

−+
+

−+
+

−

332
2

22
1

1
0

33
2

22
1

1

322
2

2
1

1
0

32
2

2
1

1

32
2

21
1

1
0

32
2

21
1

1

0

111111
111111

11111
11111

111
111

 

424. In (70), the rates of return and the rates of rental price changes have been expressed in real terms. 
The next step consists of invoking the optimum condition hn=fn

t/f0
t: 

(71) 
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425. It is now apparent that, given an age-efficiency profile hn, and a real rate of return r* as well as a 
term for the real holding gains/losses i*, a consistent age-price function ψn can be derived. To simplify 
matters, the expected real holding gains or losses can be set to equal zero45 so that the above expression 
reduces to  

(72) 
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426. Just as age-price profiles can be derived from age-efficiency profiles, the reverse is also possible. 
Again, the asset-market equilibrium and optimality condition invoked earlier come into play. The age-
efficiency pattern for a cohort of assets is computed as follows: 

 
45. As explained in Section 18.1 where land markets are discussed, the more general approach with the same result is 

to say that there is an asset-specific risk-premium that just equals the expected real holding gain.  
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427. In (73), the age-efficiency profile has been expressed as a function of the real rate of return, the 
real rate of holding gains or losses and the rate of depreciation. A simplified version � sufficient for most 
practical applications is the calculation ignoring real holding gains or losses. Then, the age-efficiency 
profile corresponding to a depreciation profile is 

(74) 
( )
( )

( )
( )000 δ+
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tB

n
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tB
n

n r
r

rP
rP
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428. Note a consistency issue that arises when non-geometric age-efficiency and age-price profiles are 
used in conjunction with endogenously computed rates of return: given an age-price profile, a rate of return 
is required to derive a consistent age-price profile as can be seen from (72). However, the rate of return 
cannot be derived endogenously unless there is information on depreciation, which in turn requires 
knowledge of the age-price profile. Inversely, when the age-profile is the starting point, the productive 
stock is required to compute the endogenous rate of return. But the productive stock hinges on the age-
efficiency profile whose derivation requires information on the rates of return, as can be seen from (74). In 
principle, the issue can be resolved through a system of simultaneous equations, provided a solution exists, 
or through iterative algorithms. In practice, these are tedious ways of implementing capital measures and it 
appears that the choice boils down to the use of geometric profiles and/or the use of exogenous rates of 
returns. 

19.8 Capital measures in the balance sheet 

429. To this point, measures of capital have essentially been discussed in a context of measuring 
flows: for example, net stocks are used to derive flows of depreciation or productive stocks are used to 
derive flows of capital services. However, net stocks are also of interest in their own right when it comes to 
measuring wealth and when balance sheets are set up. A principle for balance sheets in the national 
accounts is that assets recorded in the opening or closing balance are valued at the prices prevailing on the 
dates to which the balance sheets relate. Only net or wealth stocks enter balance sheets. With the notation 
adopted in this chapter, the period t opening stock of a particular asset would be given by P0

tBWtB and the 
period t closing stock by P0

tEWtE. The difference between the value of opening and closing balance sheet 
can now be de-composed into a basic identity that links balance sheets, transactions and holding gains and 
losses. 

430. The total difference between opening and closing balance can be broken down in two ways: 
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(75) P0
tEWtE - P0

tBWtB = P0
tEWtE - P0

tEWtB +P0
tEWtB - P0

tBWtB 

 P0
tEWtE - P0

tBWtB = P0
tEWtE - P0

tBWtE +P0
tBWtE - P0

tBWtB 

431. We form an arithmetic average of (75) to obtain a breakdown into a component that shows the 
quantity change of the stock measure, valued at average prices of the period and a revaluation component 
that shows the price change during the period, applied to the average stock during the period: 

(76) P0
tEWtE - P0

tBWtB = 0.5(P0
tEWtE - P0

tEWtB + P0
tBWtE - P0

tBWtB) -  
       0.5(P0

tEWtB - P0
tBWtB + P0

tEWtE - P0
tBWtE) 

       = 0.5(P0
tE+P0

tB)(WtE-WtB) + 0.5(WtB+WtE)(P0
tE - P0

tB) 
       = P0

t(WtE-WtB) � P0
tBi(tB)Wt 

432. We examine the first component first, and insert the definitions of the opening and closing stocks 
to obtain a measure of the change in the net stock during period t for a given set of prices: 

(77) WtE - WtB  = (ψ0.5It+ ψ1.5It-1+ ψ2.5It-2+�) - (ψ0.5It-1+ ψ1.5It-2+ ψ2.5It-3+�) 
     = ψ0.5It- (ψ0.5 - ψ1.5) It-1 - (ψ1.5 � ψ2.5)It-2 - (ψ1.5 � ψ2.5)It-3 - � 
     = ψ0.5It- ψ0.5 δ0.5It-1 -  ψ1.5 δ1.5It-2 -  ψ2.5 δ2.5It-2 -  �    due to (47) 
     = P0.5

t
 It/P0

t  - δ0.5 ψ0.5
 It-1 � δ1.5 ψ1.5

 It-2 � δ2.5 ψ2.5
 It-3 - � 

     = (1- δ0/2)It  - δ0.5 ψ0.5
 It-1 � δ1.5 ψ1.5

 It-2 � δ2.5 ψ2.5
 It-3 - � 

     = It - δ0 It/2  - δ0.5 ψ0.5
 It-1 � δ1.5 ψ1.5

 It-2 � δ2.5 ψ2.5
 It-3 - � 

     = It � Dt/P0
t  

433. The change in the net stock � at prices of a reference period � corresponds to gross investment 
minus depreciation, a well-known relationship which provides part of the overall de-composition of the 
change in balance sheet items at current prices. Returning to (76), one finds: 

(78) P0
tEWtE - P0

tBWtB = P0
t(WtE - WtB) � P0

tBi(tB)Wt 

       = P0
t(It � Dt/P0

t) - P0
tBi(tB)Wt 

        = P0
tIt � Dt - Zt           due to (53). 

434. This provides the full decomposition of the balance sheet item: the opening stock P0
tBWtB valued 

at prices at the beginning of the period plus gross investment during the period, valued at mid-year prices 
(P0

tIt) minus depreciation Dt also valued at mid-year prices minus nominal holding gains and losses Zt, 
measured as the price change during the period applied to the average net stock of the period. This follows 
the prescription in the 1993 System of National Accounts: 

�[�] the total nominal holding gains accruing on a particular category of asset over a given 
period of time include those accruing on assets acquired or disposed of during the accounting 
period as well as on assets that figure in the opening or closing balance sheets. It follows that it 
is not possible to calculate total holding gains from balance sheet data on their own, except in 
certain special cases or on certain assumptions� (Paragraph 12.83). 
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19.9 Summary of formulae for capital measurement 

Box 13. Legend to variables 

Pn
tB Price of n-period old asset at the beginning of year t (�tB�) 

Pn
tE Price of n-period old asset at the end of year t (�tE�) 

δn Rate of depreciation for an asset that is n years old at the beginning of the period 

Dt Value of depreciation in period t at average prices of period t 

WtB Net stock at the beginning of period t at prices of a reference year 

WtE Net stock at the end of period t at prices of a reference year 

KtB Productive stock at the beginning of period t at prices of a reference year 

Kt Productive stock at mid period t at prices of a reference year but before accounting for efficiency loss during period t 
(Kt = KtB+It/2) 

GRt Average gross capital stock of period t at prices of a reference year 

jn Cumulative probability of survival until age n 

fn
t Price of capital services (unit user costs) in period t for an n-year old asset  

Ut Value of capital services  

19.9.1 Depreciation (consumption of fixed capital) 

! Age-price profile defined over prices of assets of different age n: 
 
ψn  = Pn

tB/P0
tB = Pn

tE/P0
tE   n=0.5; 1.5; 2.5;� 

! Depreciation profile {δn} derived from age-price profile {ψn}: 
 
δn  = 1 - Pn+1

tB/Pn
tB  = 1 - ψn+1/ψn  n=0.5; 1.5; 2.5;� 

! Age-price profile derived from depreciation profile: 
 
ψn  = (1- δn-1)(1- δn-2)�(1- δ0/2);   n=1.5; 2.5;� 
ψ0.5  = 1- δ0/2 

! Value of depreciation at current average prices of period t: 
 
General profile:  Dt      = P0

t [(1-ψ 0.5) It + (ψ0.5- ψ1.5) It-1 + (ψ1.5- ψ2.5) It-2 +�] 
Geometric profile: Dt (geometric)  = P0

t δ[It/2 + WtB] 

! Price index of depreciation: P0
t/P0

t0 where t0 is a base or reference year 

19.9.2 Net capital stocks  

! Net capital stock at the beginning of period t, expressed in prices of a reference year, WtB: 
 
General profile:  WtB    = ψ0.5 It-1 + ψ1.5 It-2 + ψ2.5 It-3 + � 
Geometric profile: WtB(geometric) = (1-δ/2)[It-1 + (1-δ)It-2 + (1-δ)2It-3 + �]  
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! Net capital stock at the end of period t, expressed in prices of a reference year, WtE: 
 
General profile:  WtE     = ψ0.5 It + ψ1.5 It-1 + ψ2.5 It-2 + � 
Geometric profile: WtE(geometric)  = (1-δ/2)[It + (1-δ)It-1 + (1-δ)2It-2 + �] 

! Stock-flow relation for geometric profile: 
 
WtE = WtB + It � δ(It/2+WtB) 

! Average net capital stock of period t expressed in prices of a reference year, Wt: 
 
Wt=(WtB+WtE)/2 

19.9.3 Productive stocks  

! Productive stock at mid-period t expressed in prices of a reference year, Kt: 
 
General profile:  Kt      = It/2 + h0.5It-1 + h1.5It-2 + h2.5It-3 +�   
Geometric profile: Kt(geometric)  = It/2+WtB(geometric) 

19.9.4 Gross capital stocks  

! Gross capital stock at the beginning of period t expressed in prices of a reference year, GtB: 
 
General profile:  GtB     = It/2 + j0.5It-1 + j1.5It-2 + j2.5It-3 +�   
Geometric profile: not defined (the geometric profile combines age-efficiency and retirement 
functions and the retirement function which is required to compute the gross capital stock, cannot 
be separated out) 

19.9.5 Capital services price (unit user cost)  

! Ex-ante user cost per unit of capital services for a particular type of asset 
 
Presentation with real rates: 
General profile:  f0

t    = P0
tB(1+ρ(tB)) [r(tB)

* + δ0(1+i(tB)
*
 ) � i(tB)

*
 ] 

Geometric profile: ft(geometric) = P0
tB(1+ρ(tB)) [r(tB)

* + δ (1+i(tB)
*
 ) � i(tB)

*
 ] 

 
Presentation with nominal rates: 
General profile:  f0

t    = P0
tB [r(tB) + δ0(1+i(tB) ) � i(tB) ] 

Geometric profile: ft(geometric) = P0
tB [r(tB) + δ (1+i(tB) ) � i(tB) ] 

! Ex-post user cost per unit of capital services for a particular type of asset 
 
Presentation with real rates: 
General profile:  f0

t    = P0
tB(1+ρt) [rt* + δ0(1+it*

 ) � it*
 ] 

Geometric profile: ft(geometric) = P0
tB(1+ρt) [rt* + δ (1+it*

 ) � it*
 ] 

 
Presentation with nominal rates: 
General profile:  f0

t    = P0
tB [rt + δ0(1+it

 ) � it
 ] 

Geometric profile: ft(geometric) = P0
tB [rt + δ (1+it

 ) � it
 ] 
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19.9.6 Total value of capital services, current prices  

! User cost per unit of capital services times productive stock, aggregated across assets 
 
General profile:  Ut    = ∑k=1

N f0
k,tKk,t 

Geometric profile: Ut(geometric) = ∑k=1
N fk,t(geometric)Kk,t(geometric) 

          = ∑k=1
N fk,t(geometric)[Ik,t/2+Wk,tB(geometric)] 

19.9.7 Ex-post, endogenous rates of return  

! Ex-post, endogenous real rate of return 
rt*  = {(Gt+TK

t )(1+ρt) - ∑k=1
N P0

k,tB [δ0
k(1+ik,t*

 ) � ik;t*
 ]Kk,t }/{∑k=1

N P0
k,tBKk,t} 

! Ex-post, simplified (�balanced�) real rate of return 
rt**  = {(Gt+TK

t )(1+ρt) - ∑k=1
N P0

k,tB [δ0
k]Kk,t }/{∑k=1

N P0
k,tBKk,t} 

19.9.8 Total value of capital services, constant prices  

! User cost per unit of capital services of a reference year t0 times productive stock, aggregated 
across assets 
 
General profile:  Vt    = ∑k=1

N f0
k,t0Kk,t 

Geometric profile: Vt(geometric) = ∑k=1
N fk,t0(geometric)Kk,t(geometric)     

          = ∑k=1
N fk,t0(geometric)[Ik,t/2+Wk,tB(geometric)] 
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ANNEX 1: ASSET SERVICE LIVES [TO BE COMPLETED] 

Netherlands: the methodology underlying the estimated service lives in the table below has been 
described in Section 13.1.1. 

Table 20. Average service lives by asset and industry in the Netherlands 

Asset name Dwellings Buildings Ships Airplanes Computers

Nace Industry
1 and 2 Agriculture and forrestry 75 38 55 9 28 25 16 5
5 Fishing 75 38 55 9 28 35 - 25 a) 16 5

10 and 14 Other mining and quarrying 75 41 35 6 28 25 16 6
11 Extraction of oil and gas 75 41 35 6 28 25 16 6

15 and 16 Manufacture of food products, beverages, tabacco 75 42 55 6 28 25 16 12
17, 18 and 19 Manufacture of textile and leather products 75 42 55 5 28 25 16 14
20 Manufacture of wood and products of wood 75 42 55 5 28 25 16 8
21 Manufacture of paper and paper products 75 42 55 5 28 25 16 6
22 Publishing and printing 75 42 55 5 28 25 16 8
23 Manufacture of petroleum products 75 36 55 5 28 25 16 8
24 Manufacture of chemicals, chemical products 75 41 55 7 28 25 16 12
25 Manufacture of rubber and plastic products 75 41 55 5 28 25 16 12
26 Manufacture of other non-metallic mineral producte 75 42 55 5 28 25 16 8
27 Manufatcure of basis metals 75 31 55 7 28 25 16 8
28 Manufacture of fabricated metal products 75 31 55 5 28 25 16 8
29 Manufacture of machinery and equipment n.e.c. 75 44 55 5 28 25 16 12
30 Manufacture of office machinery and computers 75 30 55 5 28 25 16 6
31 Manufacture of electrical machinery and apparatus n.e.c. 75 30 55 5 28 25 16 6
32 Manufacture of radio, television and communication apparatus 75 30 55 5 28 25 16 6
33 Manufacture of medical, precision and optical instruments 75 30 55 6 28 25 16 6
34 Manufacture of motor vehicles, trailers and semi-trailers 75 36 55 5 28 25 16 5
35 Manufacture of other transport equipment 75 36 55 5 28 25 16 5
36 Manufacture of furniture; manufatcure n.e.c. 75 42 55 7 28 25 16 10
37 Recycling 75 42 55 7 28 25 16 10
40 Electricity, gas, steam and hot water supply 75 40 35 8 28 25 16 10
41 Collection, purification and distribution of water 75 40 35 8 28 25 16 10
45 Construction 75 42 55 7 28 25 16 10

50 Trade and repair of motor vehicles/cycles 75 40 55 7 28 25 16 5
51 Wholesale trade 75 40 55 7 28 25 16 5
52 Retail trade and repair 75 40 55 7 28 25 16 5
55 Hotels and restaurants 75 32 55 7 28 25 16 5

 
60 Other land transport 75 50 55 9 28 25 16 5
611 Seagoing water transport 75 50 55 9 28 35 - 25 a) 16 5
612 Inland water tranport 75 50 55 9 28 50 - 40 -30 b) 16 5
62 Air transport 75 50 55 9 28 25 16 5
63 excl 6301 Supporting transport activities 75 50 55 9 28 25 16 5
6301 Railroads 75 40 40 9 28 25 16 5

64 Post and telecommunications 75 40 25 6 28 25 16 5

66 Banking 75 36 55 6 28 25 16 5
67 Insurance and pension funding 75 36 55 6 28 25 16 5
65 Activities auxuliary to financial intermediation 75 36 55 6 28 25 16 5
70 Real estate services 75 36 55 6 28 25 16 5
71 Renting of movables 75 36 55 6 28 25 16 5
72 Computer and related activities 75 36 55 6 28 25 16 5
73 Research and development 75 36 55 6 28 25 16 5
74 Other business services 75 36 55 6 28 25 16 5
75 excl 7522 Public administration and social security 75 36 55 6 28 25 16 5
7522 Defence activities 75 48 55 6 28 25 16 5
80 excl 804 Subsidized education 75 48 55 6 28 25 16 5
804 Other service activities n.e.c. 75 48 55 6 28 25 16 5
85 Health and social work activities 75 48 55 6 28 25 16 5
90 Sewage and refuse disposal services 75 36 55 6 28 25 16 5
91 Other service activities n.e.c. 75 36 55 6 28 25 16 5
92 Recreational, cultural and sporting activities 75 36 55 6 28 25 16 5
93 Other service activities n.e.c. 75 36 55 6 28 25 16 5

a) 35 years until 1989;  25 years from 1990
b) 50 years until 1955; 40 years from 1956 until 1989;  30 years from 1990 
NG = not estimated. A direct method is used to calculate the capital stock

Other 
structures

Passenger cars and 
other road transport 
equipment

Trains 
and trams
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Asset name Machinery Livestock Other Other Transfer of Mineral Software Originals Transfer of ownership cost 
and cultivated tangible ownership cost exploration on non-produced

Nace Industry equipment assets assets on land non-financial assets
1 and 2 Agriculture and forrestry 14 NG 15 10 1 40 3 5 3
5 Fishing 14 NG 15 10 1 40 3 5 3

10 and 14 Other mining and quarrying 30 NG 15 12 1 40 3 5 3
11 Extraction of oil and gas 30 NG 15 12 1 40 3 5 3

15 and 16 Manufacture of food products, beverages, tabacco 27 NG 15 12 1 40 3 5 3
17, 18 and 19 Manufacture of textile and leather products 35 NG 15 12 1 40 3 5 3
20 Manufacture of wood and products of wood 30 NG 15 12 1 40 3 5 3
21 Manufacture of paper and paper products 27 NG 15 12 1 40 3 5 3
22 Publishing and printing 35 NG 15 12 1 40 3 5 3
23 Manufacture of petroleum products 22 NG 15 12 1 40 3 5 3
24 Manufacture of chemicals, chemical products 30 NG 15 12 1 40 3 5 3
25 Manufacture of rubber and plastic products 30 NG 15 12 1 40 3 5 3
26 Manufacture of other non-metallic mineral producte 30 NG 15 12 1 40 3 5 3
27 Manufatcure of basis metals 33 NG 15 12 1 40 3 5 3
28 Manufacture of fabricated metal products 33 NG 15 12 1 40 3 5 3
29 Manufacture of machinery and equipment n.e.c. 33 NG 15 12 1 40 3 5 3
30 Manufacture of office machinery and computers 21 NG 15 8 1 40 3 5 3
31 Manufacture of electrical machinery and apparatus n.e.c. 18 NG 15 8 1 40 3 5 3
32 Manufacture of radio, television and communication apparatus 18 NG 15 8 1 40 3 5 3
33 Manufacture of medical, precision and optical instruments 15 NG 15 12 1 40 3 5 3
34 Manufacture of motor vehicles, trailers and semi-trailers 30 NG 15 11 1 40 3 5 3
35 Manufacture of other transport equipment 30 NG 15 11 1 40 3 5 3
36 Manufacture of furniture; manufatcure n.e.c. 30 NG 15 12 1 40 3 5 3
37 Recycling 30 NG 15 12 1 40 3 5 3
40 Electricity, gas, steam and hot water supply 32 NG 15 12 1 40 3 5 3
41 Collection, purification and distribution of water 32 NG 15 12 1 40 3 5 3
45 Construction 15 NG 15 12 1 40 3 5 3

50 Trade and repair of motor vehicles/cycles 11 NG 15 10 1 40 3 5 3
51 Wholesale trade 10 NG 15 10 1 40 3 5 3
52 Retail trade and repair 10 NG 15 10 1 40 3 5 3
55 Hotels and restaurants 10 NG 15 12 1 40 3 5 3

 
60 Other land transport 11 NG 15 10 1 40 3 5 3
611 Seagoing water transport 11 NG 15 10 1 40 3 5 3
612 Inland water tranport 11 NG 15 10 1 40 3 5 3
62 Air transport 11 NG 15 10 1 40 3 5 3
63 excl 6301 Supporting transport activities 11 NG 15 10 1 40 3 5 3
6301 Railroads 11 NG 15 10 1 40 3 5 3

64 Post and telecommunications 15 NG 15 8 1 40 3 5 3

66 Banking 11 NG 15 8 1 40 3 10 3
67 Insurance and pension funding 11 NG 15 8 1 40 3 5 3
65 Activities auxuliary to financial intermediation 11 NG 15 8 1 40 3 5 3
70 Real estate services 11 NG 15 8 1 40 3 5 3
71 Renting of movables 11 NG 15 8 1 40 3 5 3
72 Computer and related activities 11 NG 15 8 1 40 3 5 3
73 Research and development 11 NG 15 8 1 40 3 5 3
74 Other business services 11 NG 15 8 1 40 3 5 3
75 excl 7522 Public administration and social security 11 NG 15 8 1 40 3 5 3
7522 Defence activities 12 NG 15 8 1 40 3 5 3
80 excl 804 Subsidized education 11 NG 15 8 1 40 3 5 3
804 Other service activities n.e.c. 11 NG 15 8 1 40 3 5 3
85 Health and social work activities 11 NG 15 8 1 40 3 5 3
90 Sewage and refuse disposal services 11 NG 15 8 1 40 3 5 3
91 Other service activities n.e.c. 11 NG 15 8 1 40 3 5 3
92 Recreational, cultural and sporting activities 11 NG 15 8 1 40 3 5 3
93 Other service activities n.e.c. 11 NG 15 8 1 40 3 5 3

a) 35 years until 1989;  25 years from 1990
b) 50 years until 1955; 40 years from 1956 until 1989;  30 years from 1990 
NG = not estimated. A direct method is used to calculate the capital stock  

 

United States: detailed tables with rates of depreciation and a full methodological description can be 
found in Bureau of Economic Analysis (2003), available under 
http://bea.gov/national/pdf/Fixed_Assets_1925_97.pdf. 

Results of UN-ECE survey on depreciation [TO BE COMPLETED]:  
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ANNEX 2: IMPLEMENTATION OF CAPITAL ESTIMATES USING AN ARTIFICIAL 
DATASET 

435. This Annex uses the formulae worked out in Chapter 19 and presents them in a typical sequence 
of implementation. An artificial but not unrealistic dataset is used to demonstrate implementation. The 
purpose of this annex is to document the sequence of implementation, to demonstrate how to aggregate 
across sectors and industries and to examine the effects of using an ex-ante versus an ex-post approach 
when measuring user costs. The documented dataset with all the calculations is available in spreadsheet 
form on [URL here]. The data set has the following features: 

• The dataset distinguishes between institutional sectors and industries. The institutional units are 
�corporations� or market producers and �government� or �non-market producers', the industries 
are �manufacturing�, �services� and �public administration�.  

• Manufacturing industry is exclusively composed of corporations. For services, a distinction has 
been made between market producers and non-market producers. Public administration is 
exclusively made up of non-market producers. 

• Three types of assets are considered, �machinery�, �software� and �land�. They were chosen to 
represent three typical types of assets. �Machinery� is the prototypical equipment with a long-run 
price change that is somewhat less than overall inflation, and medium-range service life; 
�software� stands for short-lived high-tech equipment with a short service life, and rapid declines 
in relative prices; �land� represents a non-produced asset whose quantity is fixed in our example 
but whose prices undergo large cyclical movements as has been observed in reality.  

• Geometric age-price and age-efficiency profiles are used throughout. 

• All producers face the same purchase price for assets. 

• Two main methods will be compared in the computation of user costs: ex-post and ex-ante 
measures of costs of capital. For the ex-post case, a distinction is made between the standard and 
the simplified case, as shown in the table below.  

Industry Type of producer Method 

  Ex-post rate of 
return   Ex-ante rate of 

return 

  
Standard method 
with ex-post asset 

price changes 

Simplified method 
with real asset 

price changes set 
to equal zero  

Ex-ante (average 
or smoothed) real 

asset price changes 

Manufacturing Market producers 
Services Market producers Endogenous rate of return 4% exogenous real 

rate of return 

 Non-market 
producers 

Public 
administration 

Non-market 
producers 

With ex-post rate as average of ex-post 
rate from market producers 

2% exogenous real 
rate of return 
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436. The main steps in the calculation procedure were: 

1. Apply price indices of GFCF to machinery and software investment to obtain GFCF series in 
chained dollars of the reference year 2000 

2. Estimate an initial stock for each asset. In our simple example, the initial stock was calculated for 
the year 1979 as initial stock = GFCF in 1979/(long-run growth of constant-price GFCF + rate of 
depreciation). Obviously, for actual implementation, the initial stock should be computed for a 
period that lies further in the past so that errors in the estimates of the initial stock have only a 
small effect on more recent levels of capital stocks. Computation of an initial stock marks a major 
difference to models with non-geometric patterns where no initial stock is needed but GFCF time 
series of the entire service life of an asset. The stock of land is expressed in physical units here, 
and information about it has to come from registers or land surveys. The stock of land has been 
taken as fixed in the present example, implying that there is only one type of land.  

3. Given the net stock at the beginning of the first period, W1979B, end-period net stocks for all 
consecutive periods are set up by applying the stock-flow relationship WtE=WtB + It � δ(It/2+WtB). 
All stocks are valued at average prices (chained dollars) of the year 2000.  

4. On the basis of net stock and rates of depreciation, the value of depreciation at average prices of 
the year 2000 is computed by applying the rate of depreciation to the net stock at the beginning of 
the period plus half the current period�s investment: Dt/P0

t  = δ[It/2 + WtB]. Subsequently, 
depreciation is re-valued to current prices by multiplying through by the price index for capital 
goods, P0

t. 

5. Only a small transformation is needed to compute the year-average net stock for every period as 
well as the productive stock Kt which, in the set-up in this Manual, equals the wealth stock plus 
investment in the latest period: Kt=It/2+WtB. 

6. Given time series of gross operating surplus Gt along with depreciation re-valued to current 
prices, Dt, net operating surplus Nt is measured as Gt-Dt. For non-market producers, the net 
operating surplus is zero in the first instance. However, if costs of capital are imputed in the way 
shown in the example, the net operating surplus will be non-zero.  

7. Indices of real asset prices are established by deflating nominal asset price indices by the 
consumer price index. 

8. For every type of asset, industry and sector, the value of capital services is computed in three 
variants as outlined above. Results are marked up with different colours in the accompanying 
spreadsheet. 

9. A chain Laspeyres volume index of capital services is computed as a weighted average of each 
asset�s volume change of the productive stock with user cost shares as weights. Similar, a 
Paasche-type index is computed and the geometric average of both indices yields a Fisher index 
of capital services for each industry-sector combination. 

10. Aggregation towards a measure of capital services for market producers and for non-market 
producers proceeds in a similar way. The volume index for capital services for the market sector 
is a weighted average of the volume index for market producers in the manufacturing and in the 
service industries. The user cost shares of each producer serve as weights in the aggregation. The 
same procedure is applied to non-market producers.  
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11. The ultimate aggregation is across market and non-market producers to yield a measure for the 
total economy. 

437. The following conclusions can be drawn from examination of the results. The first and general 
impression is that, in terms of the volume series of capital services, one of the main outputs of the 
calculations, results are quite robust. The differences between the three methods of computing user costs 
are fairly small for the market sector. For the non-market sector, differences are larger but still less than 
one percentage point in average annual growth rates over the entire period (see Figure).  

Figure 12: Comparison of three methods for the calculation of user costs 
Volume index of capital services, 1987=100 
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438. A second conclusion is that the artificial dataset confirmed an observation made in many 
empirical studies, namely that the ex-post, endogenous method for the computation of user costs produces 
a larger number of negative prices of capital services than the other methods. This is inconvenient from a 
practical perspective. 

439. A third conclusion is that the comparison between the gross operating surplus for market 
producers as �taken� from the national accounts and the gross operating surplus as implied by the ex-ante 
method yields a picture as would be expected: differences change sign and oscillate around a long-run 
value close to zero. This is in line with the idea that the difference between ex-ante and ex-post values is a 
�surprise� term. 


