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INTRODUCTION

Productivity growth is the basis for improvements in real incomes and wel-
fare. Slow productivity growth limits the rate at which real incomes can improve,
and also increases the likelihood of conflicting demands concerning the distribu-
tion of income (Englander and Gurney, 1994). Measures of productivity growth and
of productivity levels therefore constitute important economic indicators.

In principle, productivity is a rather straightforward indicator. It describes the
relationship between output and the inputs that are required to generate that
output. Despite its apparent simplicity, several problems arise when measuring
productivity. These issues are particularly important for comparing productivity
growth across countries, whether for the entire economy or for different industries,
and for comparing productivity levels internationally. Some of these measurement
difficulties are closely related to technological developments — currently of great
interest. For example, assessing the role of information and communication tech-
nology (ICT) in productivity growth requires the construction of accurate price and
quantity indices of ICT products that are internationally comparable. Other issues,
such as the measurement of labour input, have been around for much longer, but
remain important. The most important productivity measurement issues have
recently been brought together in the OECD Productivity Manual (OECD, 20014) and
part of the discussion below draws on this manual.

There are many different measures of productivity growth. The choice
between them depends on the purpose of productivity measurement and, in
many instances, on the availability of data. Broadly, productivity measures can be
classified as single-factor productivity measures (relating a measure of output to a
single measure of input) or multi-factor productivity measures (relating a measure
of output to a bundle of inputs).! Another distinction, of particular relevance at the
industry or firm level is between productivity measures that relate gross output to
one or several inputs and those which use a value-added concept to capture
movements of output.

Table 1 uses these criteria to enumerate the main productivity measures. The
list is incomplete insofar as single productivity measures can also be defined over
intermediate inputs and labour-capital multi-factor productivity can, in principle,
be evaluated on the basis of gross output. However, in the interest of simplicity,
the table was restricted to the most frequently used productivity measures. These
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Table 1. Overview of the main productivity measures

Type of input measure

Type of output Capital, labour

measure: and intermediate inputs

(energy, materials,
services)

Labour Capital Capital and labour

Gross output Labour productivity Capital productivity |Capital — labour MFP KLEMS multi-factor

(based on gross (based on gross (based on gross productivity
output) output) output)
Value-added Labour productivity Capital productivity |Capital — labour MFP -
(based on value- (based on value- (based on value-
added) added) added)
Single factor productivity measures Multi-factor productivity (MFP) measures

are measures of labour and capital productivity, and multi-factor productivity
measures (MFP), either in the form of capital-labour MFP, based on a value-added
concept of output, or in the form of capital-labour-energy-materials-services MFP
(KLEMS), based on a concept of gross output. Among those measures, value-
added-based labour productivity is the single most frequently computed produc-
tivity statistic, followed by capital-labour MFP and KLEMS MFP.

A full discussion of the entire set of productivity measures would go beyond
the scope of this paper. The following pages will therefore highlight some key con-
ceptual and measurement issues associated with comparisons of productivity
growth and productivity levels over time and between countries. The sections on
productivity growth and on the interpretation of productivity measures draw heavily
on the OECD Productivity Manual (OECD, 2001a) to which the reader is referred for a
more in-depth discussion. The paper primarily focuses on measurement and com-
parability issues, leaving the detailed analysis and interpretation of productivity to
other papers in this issue of OECD Economic Studies. The next section explores mea-
sures of productivity growth and the theoretical foundations for these measures.
The third section examines estimates of productivity levels, while the fourth section
briefly discusses the interpretation of productivity growth and levels.

MEASURING PRODUCTIVITY GROWTH

Gross output and value-added based productivity measures

Every productivity measure, implicitly or explicitly, relates to a specific pro-
ducer unit: an establishment, a firm, an industry, a sector or an entire economy.
The goods or services that are produced within a producer unit and that become
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available for use outside the unit are called (gross) output.? Output is produced
using primary inputs (labour and capital) and intermediate inputs. This relation is
normally presented as a production function H with gross output Q, labour input
L, capital input K, intermediate inputs M and a parameter of technical change, A:

Q=H(A K L M) (1)

Technical change is called “Hicks-neutral” or “output augmenting” when it can
be presented as an outward shift of the production function that affects all factors
of production proportionately:

Q=HA K L M)=AF(K, L M) (2)

Differentiating this expression with respect to time and using a logarithmic
rate of change, MFP growth (the rate of change of the variable A) is measured as
the rate of change of volume output minus the weighted rates of change of inputs.
For a cost-minimising producer, the weights attached to the rates of change of fac-
tor inputs correspond to the revenue share of each factor in total gross output:

dinA_dInQ __ dinL __ dinK _ dInM (3)
dt R R

Here, MFP growth is positive when the rate of growth of the volume of gross
output rises faster than the rate of growth of all combined inputs. When the
assumption about factor-augmenting technical change holds, the so computed
MFP measure can be interpreted as an index of disembodied technical change.
This is the well-known Solow (1959) growth accounting model (Box 1; Box 2).

However, the gross output based approach provides few insights about the
relative importance of a firm or an industry for productivity growth of a larger (par-
ent) sector or of the entire economy, due to complications related to intra-industry
deliveries. This is best explained by way of an example. Suppose that there are
two industries: the leather industry, which only produces intermediate inputs for
the shoe industry. By contrast, the shoe industry produces only final output. A pro-
ductivity measure for the aggregate shoe and leather industry would need to address
the following problem. Simple addition of the flows of outputs and inputs is not
the right procedure for obtaining measures of output and input of the shoe and
leather industry as a whole, since double counting of the intermediate flows
between the leather and the shoe producer would result. These flows have to be
netted out, such that the output of the integrated shoe and leather industry would
consist only of the shoes produced, and integrated intermediate inputs consist
only of the purchases of the leather industry and non-leather purchases of the
shoe industry. This has important consequences for productivity measures. Take
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Box 1. Growth accounting and links between productivity measures

The economic theory of productivity measurement goes back to the work of
Jan Tinbergen (1942) and, independently, to Robert Solow (1957). They formu-
lated productivity measures in a production function context and linked them to
the analysis of economic growth. The field has developed considerably since and
now offers a consistent approach that integrates the theory of the firm, index num-
ber theory and national accounts. Robert Solow’s growth accounting approach
identifies the contributions of different inputs to output growth. In its simplest
form, where output Q is measured as deflated value-added and inputs are con-
fined to primary inputs labour L and capital services K, the growth accounting
equation can be stated as:

dInQ: dInL+ dInK+dInA
dt 3 dt % dt dt

In this expression, labour and capital each contribute to value-added growth
and their contribution is measured as the rate of change of each input times its
share in total costs. The change in value added that is not explained by these con-
tributions is attributed to multi-factor productivity growth, captured by the
variable A. Thus, the rate of change of A is measured residually, i.e. by subtracting
the contributions of labour and capital from the rate of output growth. Another
useful way of presenting the growth accounting equation is in terms of a decom-
position of the rate of change of labour productivity. Labour productivity growth is
measured as the difference between the rate of change of output growth and the
rate of change of labour input growth, or as

dinQ dinL |
dt dt

Re-arranging the above expression gives a decomposition of the movement in
labour productivity into two components. The first depicts the change in labour
productivity due to capital deepening (labour productivity rises when more capi-
tal is used per worker) and the second shows the effects of MFP growth:

dinQ dinL InK dinL[g dInA
- =(1- -
dt dt ( SL)Qd dt dt Q\L dt

The following table presents this decomposition for the business sector of
several OECD countries. It shows that capital deepening has played an important
but not a dominant role in explaining value-added based labour productivity
growth in the 1990s. This does not imply that investment has been unimportant in
the process of growth. For instance, if output growth is driven both by capital and
employment growth, capital intensity remains stable. Much depends also on the
measurement of capital input (see discussion below). The present table is based
on a measure of capital services, thereby reflecting the theoretically preferred
approach towards the measurement of capital input.

131
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Box 1. Growth accounting and links between productivity measures (cont.)

Productivity growth in the business sector
(annual percentage change)

Labour productivity Of which:
Value-added . .
pe(rigtfr?nlorlfed) Capital deepening MFP growth
Australia 1990-99 2.5 0.6 1.9
1995-99 29 0.9 2.0
Canada 1990-99 1.5 0.2 1.3
1995-99 1.3 0.2 1.1
France 1990-99 1.8 1.1 0.7
1995-99 1.5 0.7 0.8
Germany 1990-99 2.4 1.2 1.2
1995-99 1.7 0.9 0.8
Italy 1990-99 1.9 0.9 0.9
1995-99 0.7 0.6 0.1
Japan 1990-99 2.0 1.5 0.6
1995-99 1.7 1.1 0.5
United States 1990-99 1.5 0.7 0.8
1995-99 23 1.0 1.3

Source: ~ Colecchia and Schreyer (2001).

the example where both the shoe and the leather producers’ gross output-based
MFP growth is 1 per cent. The simple (weighted) average of the shoe and leather
producers’ MFP growth will be 1 per cent. However, productivity growth of the
integrated shoe and leather industry will be more than 1 per cent, because the
shoe producer’s productivity gains cumulate with those of the leather producer as
the former buys inputs from the latter. In sum, it is difficult to compare gross out-
put based MFP growth across different levels of aggregation, as aggregate MFP
growth is not a simple weighted average of its component measures.

Double counting does not arise with value-added-based MFP growth.? Here,

productivity is measured as the ratio of value-added to an index of combined pri-
mary inputs (i.e. labour and capital), with both the numerator and denominator

© OECD 2001



Measuring Productivity

Box 2. The econometric approach to productivity measurement

The econometric approach to productivity measurement is appealing for
being based solely on observations of volume outputs and inputs. For example, it
avoids postulating the relationships between production elasticities and income
shares that are implied by cost minimisation but may not correspond to reality.
Indeed, researchers are able to test these relationships. Further possibilities arise
with econometric techniques: i) allowance can be made for adjustment cost (the
possibility that changes in factor inputs are increasingly costly the faster they are
implemented) and variations in capacity utilisation; ii) it is possible to investigate
forms of technical change other than the Hicks-neutral formulation implied by the
index number based approach; iii) there is no a-priori requirement to assume con-
stant returns to scale of production functions. The literature about the economet-
ric approach is large, and examples of integrated, general models can be found in
Morrison (1986) or Nadiri and Prucha (2001).

All these possibilities come at a cost, however. These models raise complex
econometric issues that sometimes put a question mark on the robustness of
results. Often, researchers are constrained by modest sample sizes to revert to
a priori restrictions (for example constant returns to scale) to increase the degrees
of freedom for estimation. From the point of view of statistical offices responsible
for the publication of regular productivity statistics, complex econometric
approaches have little attractiveness because: i) updating involves full re-estima-
tion of (systems of) equations; ii) methodologies are often difficult to communi-
cate to a broad spectrum of users of productivity statistics; and iii) significant data
requirements tend to reduce the timeliness of results.

Hulten (2001) points out that there is no reason why the econometric and the
index number approach should be viewed as competitors and he quotes exam-
ples of synergies that proved particularly productive. Synergies arise in particular
when econometric methods are used to further explain the productivity residual.

Overall, econometric approaches are a tool that is best suited for academi-
cally oriented, single studies of productivity growth. Their potential richness and
testable set-up make them a valuable complement to the non-parametric, index
number methods that are the normal tool for productivity statistics.

representing deflated (real) volumes. Value-added, which takes the role of the
output measure, is gross output corrected for purchases of intermediate inputs. In
terms of rates of change, real value-added can be defined* as

dInVAEiEoIInQ_SM dinM H
S0 dt O

dt dt
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Here, Sy, stands for the current price share of value-added in gross output.
Using equation (3) to substitute for the expression in parenthesis yields:

dinvVA _ 1 ES dInL+SKdInK+dInAH
=N

dt S.0 dt dt a O

(4)

Value-added-based MFP measures, evaluated residually as the difference
between the rate of change of real value-added and the weighted rates of
change of primary inputs labour and capital, can then be expressed as in (5),
where §” =5 /s, is the labour share in value-added and §* =5 /s, is the capital
share.

dlnAVA:danA_ VAdlnL_ VAdan (5)
at at X at SK at

Value-added-based MFP growth will be positive if volume value-added grows
faster than combined primary inputs. The advantage of the value-added measure
is that aggregate value-added growth is a simple weighted average of value-
added growth in individual industries, and so is value-added-based MFP growth.
To stay with the above example, value added (at current prices) of the integrated
shoe and leather industry is simply the sum of value-added in the shoe and the
leather industry. A 1 per cent growth of value-added-based MFP in both the shoe
and leather industry translates into a 1 per cent productivity growth of the shoe
and leather industry as a whole. This makes value-added-based productivity mea-
sures comparable across different levels of aggregation and turns them into mean-
ingful indicators for an industry’s contribution to economy-wide productivity
growth. Value-added is, however, not an immediately plausible measure of out-
put: contrary to gross output, there is no physical quantity that corresponds to a
volume measure of value added. Also, if the production model (2) is the “true”
model of technical change, the value-added-based calculation will overstate® the
rate of technical change, as

dinA” _ 1 dInA

at S Ot
That is, the value-added-based MFP measure equals the gross output-based
measure times a scaling factor that corresponds to the inverted share of value-
added in gross output. This share cannot exceed unity and consequently, the
value-added-based MFP measure will always be at least as large as the gross out-
put-based term.

Empirically, the choice of concepts matters, as Table 2 on productivity in the
machinery and equipment industry in Finland demonstrates. The rate of change of
the gross output-based MFP measure is 2.7 per cent over the 1990-98 period, com-
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Table 2. Value-added and gross output-based productivity measures: an example
Machinery and equipment industry, Finland
Averages of annual rates of change (percentages)

1990-98 1990-94 1994-98
Gross output (deflated) 10.1 4.2 16.0
Value added (deflated) 9.5 3.3 15.8
Labour input (total hours) 1.6 -3.7 6.9
Capital input (gross capital stock) 3.0 1.5 4.5
Intermediate inputs (deflated expenditure) 10.4 4.8 16.1
Share of value-added in gross output (current prices) 37.0 38.9 334
Gross output-based productivity (KLEMS MFP) 2.7 2.1 3.3
Value-added based productivity (Capital-labour MFP) 7.8 5.7 9.8

Source: OECD, based on STAN database.

pared with a 7.8 per cent rise in the value-added-based measure. Moreover, the
two measures show quite different pictures in terms of the acceleration or deceleration
of productivity growth between two periods, an indicator that is of significant
importance to analysts as has been seen in the discussion about the “productivity
slowdown” in the years after 1973 or the “productivity acceleration” in the United
States in the late 1990s. In the Finnish example, the gross output-based measure
rises from 2.1 per cent to 3.3 per cent per year between the first and the second
half of the 1990s, or by 1.2 percentage points; meanwhile, the value-added mea-
sure rises from 5.7 per cent to 9.8 per cent, or by 4.1 percentage points.

In a closed economy, the difference between the two measures becomes
smaller with a rising level of aggregation; at the level of the entire economy, the
gross output-based productivity measure will equal the value-added based MFP
measure. In an open economy, with imports from abroad, this is not the case and
the two measures will continue to produce different results even at the macroeco-
nomic level.

Different interpretations have also to be invoked with respect to gross output
and value-added-based measures of labour productivity, both widely-used produc-
tivity indices. Growth in value-added-based labour productivity depends on shifts
in capital intensity (the amount of capital available per unit of labour) and MFP
growth. When measured as gross output per unit of labour input, labour productiv-
ity growth also depends on how the ratio of intermediate inputs to labour
changes. A process of outsourcing, for example, implies substitution of primary
factors of production, including labour, for intermediate inputs. Everything else
equal, gross output-based labour productivity rises as a consequence of outsourc-
ing and falls when in-house production replaces purchases of intermediate inputs, 135
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despite the fact that such changes need not reflect changes in the individual char-
acteristics of the workforce, nor shifts in technology or efficiency. By contrast, the
growth rate of value-added productivity is less strongly affected by changes in
the ratio between intermediate inputs and labour, or the degree of vertical inte-
gration. When outsourcing takes place, labour is replaced by intermediate
inputs. In itself, this would raise measured labour productivity. At the same
time, however, value-added will fall, and this offsets some or the entire rise in
measured productivity.

Overall, it would appear that gross output and value-added based productiv-
ity measures are useful complements. When technical progress affects all factors
of production proportionally, the former is a better measure of technical change.
Value-added-based productivity measures compensate for the extent of outsourc-
ing and provide an indication of the importance of the productivity improvement
in an industry for the economy as a whole. They indicate how much extra delivery
to final demand per unit of primary inputs an industry generates. When it comes
to labour productivity, value-added based measures are less sensitive to changes in
the degree of vertical integration than gross output-based measures. Practical
aspects also come into play. Measures of value-added are often more easily avail-
able than measures of gross output although in principle, gross output measures
are necessary to derive value-added data in the first place. Intra-industry flows of
intermediate products must be accounted for in order to generate consistent sets
of gross output measures and that may be difficult empirically.

Measuring output

Differences in the methodologies used to obtain quantity series of output can
significantly affect productivity measures. Quantity indices of output are normally
obtained by dividing a current-price series or index of output by an appropriate
price index (i.e. by deflation). Only in a few instances are quantity measures
derived by direct observation of volume output series.® Measurement of volume
output is therefore often tantamount to constructing price indices — a task whose
full description far exceeds the scope of the present paper. Some of the more dif-
ficult issues associated with the deflation of output are nevertheless mentioned
here.

Independence of measures of output from measures of input. An important pre-
condition for the validity of productivity measures is that price and quantity indi-
ces of output should be constructed independently of price and quantity indices
of inputs. Such dependence occurs, for example, when quantity indices of outputs
are extrapolated using quantity indices for one or several inputs. The quantity
indicators used are often inputs to the industry under consideration, in particular
observations on employment.
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In other instances, output-related measures are used to extrapolate real
value-added. Though often imperfect, it is apparent that the implied bias for pro-
ductivity measurement is less severe than in the case of input-based extrapola-
tion. For example, Eldridge (1999) reports that, in the United States, the quantity
indicator for auto insurance expenditure is the deflated value of premiums, where
deflation itself is based on a component index of the CPI. In other instances, phys-
ical output data are used as the quantity indicator; the United States quantity
indicator for brokerage charges is based primarily on BEA estimates of orders
derived from volume data from the Security and Exchange Commission and trade
sources (Eldridge, 1999).

From the perspective of productivity measurement, the independence of sta-
tistics on inputs and outputs is key. Using input-based indicators to construct out-
put series generates an obvious bias in productivity measures; productivity
growth will reflect whatever assumption about productivity growth was made by
statisticians in constructing the output series (e.g. that labour productivity was
unchanged). Occurrences of input-based extrapolation are concentrated in activi-
ties where market output prices are difficult to observe. For this reason, input-
based extrapolation is more frequent and quantitatively more important for ser-
vice industries than for other parts of the economy (see OECD, 19966 for a survey
of methods in OECD countries) and can lead to biased productivity measures.

Quality change. The rapid development of information and communication
technology products has brought to centre-stage two long-standing questions for
the construction of price indices: how to deal with quality changes of existing
goods and how to account for new goods.” The distinction between these two
issues is blurred because it is unclear where to draw the borderline between a
“truly” new good and a new variety of an existing good.?

Typically, statistical agencies derive price indices for products by observing
price changes of items in a representative sample. New products, quality changes
and new variants are common phenomena in the observation of price changes of
items and statistical offices have well-established procedures to deal with them.’
Unfortunately, these methods are not the same across countries and sometimes
yield implausibly large differences. The most widely quoted case is price indices
for information and communications technology products such as computers.
Their prices decline by between 30 per cent per year in the United States, and
about 5 per cent per year in a number of European countries. Given the homoge-
neity and international tradability of these products, it is likely that some of the
differences are due to statistical methods rather than actual price developments.
In the present context, the question arises: how much do these differences matter
for comparisons of measures of output?
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Empirically, the answer to this question depends largely on the level of
aggregation at which the analysis is conducted. As shown in Schreyer (2001), the
effects of a greater quality adjustment of ICT price measures tend to be compara-
tively small for the measurement of economy-wide productivity, and certainly not
of a size to account for differences in measured productivity growth between
countries. This is largely due to the fact that many ICT products are imported, and
a different price measure not only affects measures of final consumption (and
hence GDP) but also measures of imports, implying that some of the effects on
measured GDP are offsetting. On the other hand, the effects on measured output
volumes are without doubt significant for individual industries such as the office
equipment and computer industry. Similarly, measures of individual demand
components, in particular the volume of investment, may suffer from a lack of
comparability unless similar methods are used between countries in their efforts
to account for quality change in high-tech products. Measures of the volume of
investment are of direct importance for productivity analysis as they are important
elements in the construction of capital stock series (see section on capital input
below).

Labour input

Different measures of employment. In the spirit of production theory, labour
input for an industry is most appropriately measured as the quality-adjusted num-
ber of hours actually worked. The simplest, though least recommended, measure
of labour input is a head count of jobs or employees. Such a measure fails to
reflect changes in average work time per employee, multiple job holding (when
the number of employees is the measure), self-employment and the quality of
labour.

A first refinement to this measure is its extension to total employment, com-
prising both wage and salary earners, and the self-employed (including contribut-
ing family members). A second refinement is the conversion from simple job (or
person) counts to estimates of total “hours actually worked”. Rates of change of
the number of persons employed differ from the rates of change of total hours
worked when the number of average hours worked per person shifts over time.
Such shifts may be due to a move towards more paid vacations, shorter “normal”
hours for full-time workers and greater use of part-time work. Moreover, hours
worked will also vary over the business cycle as labour demand rises and falls.
These developments have taken place in many OECD countries and underline the
importance of choosing “hours actually worked” as the variable for labour input in
productivity measurement because it bears a closer relation to the amount of pro-
ductive services provided by workers than simple head counts.
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Figure 1.

in France
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1. Output is measured as a quantity index of value-added.
Source: INSEE.

An example of the impact on labour productivity measures of choosing differ-
ent measures for employment is given in Figure I below. For France, for the
period 1987-98, labour productivity indices were calculated using total hours, the
number of full-time equivalent persons, the number of employed persons (head
counts) and the number of employees (head counts). Results are presented for
industry (comprising mining, manufacturing and construction) and for market ser-
vices. Not surprisingly, the productivity measures based on total hours rise signifi-
cantly faster than those based on other employment measures. In manufacturing,
moving from head counts to full-time equivalent measures hardly changes the
productivity series. This is quite different for the service sector where part-time
employment has grown rapidly in many countries and now plays an important role
in total employment. Even more pronounced are the effects of including or
excluding the self-employed in the service sector, as reflected by the differences 139
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in productivity estimates based on total employment and based on the number of
employees only.

Full-time equivalent jobs (or persons) are another variable sometimes used
for measuring labour input. By definition, full-time equivalent employment is the
number of total hours worked divided by average annual hours actually worked in
full-time jobs. Conceptually, then, in full-time equivalent measures part-time
employed persons are counted with a smaller weight than persons working full
time. Consequently, the full-time equivalent measure should avoid the bias aris-
ing from a shifting share of part-time employment in the workforce but will not
adjust for changes in the number of hours which constitutes a full-time job, e.g. as
a consequence of changes in legislation or collective agreements. In addition,
methodologies underlying the construction of full-time equivalent persons (or
jobs) are not always transparent and may vary internationally. For example, in
some cases full-time equivalents are based on crude estimates, such as counting
each part-time job (often defined as any job with less than normal working hours)
as half a full-time job.

Statistical sources. There are two main statistical sources for measures of
labour input: household-based labour force surveys (LFS) and establishment or
firm-based surveys (ES). LFS are typically conducted from a socio-economic per-
spective to provide reliable information about personal characteristics of the
labour force, such as educational attainment, age, or the occurrence of multiple
job holding, as well as information about the jobs (e.g. occupation and type of con-
tract). Also, LFS have the advantage of full coverage of the economy. ES are con-
ducted from a production perspective, and describe labour as an input factor. One
distinguishing feature of establishment surveys is that they gather information on
jobs rather than on persons employed, thus persons who have jobs in more than
one establishment will be counted more than once. Another feature is that ES will
often only cover a subset of all establishments in an industry, normally those
above a certain size limit. If establishments included in the survey have systemat-
ically higher productivity levels than those excluded, productivity estimates
based on ES will inadequately reflect the effects of the size composition in an
industry.

In a few OECD countries (e.g. the Netherlands), statistical offices fully consoli-
date the two sources into a single, final set of labour accounts. In most countries,
both sources are used to construct employment data for national accounts (NA).
As such, these NA data qualify as the preferred source for productivity analysis.
However, NA statistics often stop short of producing all the relevant labour input
measures (in particular hours worked) or such variables are not available at the
required sectoral detail. In such cases, multiple sources sometimes have to be
combined, although this introduces the risk of not comparing like with like. One
such example is the application of data on average hours worked per person,
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based on LFS, to NA-based statistics on the number of persons employed. This
may be acceptable for purposes of constructing measures of productivity growth
but can create important non-comparabilities when measuring productivity levels
(see below for a further discussion).

Skill composition of labour. Labour input reflects the time, effort and skills of
the workforce. While data on hours worked capture the time dimension, they do
not reflect the skill dimension. When total hours worked are the simple sum of all
hours of all workers, no account is taken of the heterogeneity of labour. For the
estimation of productivity changes, the question is whether, over time, the compo-
sition of the labour force changes, i.e. whether there is an increase or decrease in
the average quality of labour input. By most measures, there has been a steady
increase in the quality of labour (OECD, 19984). An increase in the average quality
of labour implies that a quality-adjusted measure of labour input would rise faster
than an unadjusted measure of labour input. Successful quality-adjustment is tan-
tamount to measuring labour in constant-quality units. In the context of productiv-
ity measurement, Jorgenson etal. (1987), Denison (1985) and the US Bureau of
Labor Statistics (BLS, 1993) have tackled this issue

Measuring constant-quality labour input is interesting from several perspec-
tives. First, it provides a more accurate indication of the contribution of labour to
production. One recalls that MFP measures the residual growth in output that can-
not be explained by the rate of change in the services of labour, capital and inter-
mediate inputs. When quality-adjusted measures of labour input are used in
growth accounting instead of unadjusted hours worked, a larger share of output
growth will be attributed to the factor labour instead of the residual factor produc-
tivity growth. In other words, substituting quality-adjusted labour input measures
for unadjusted measures can better identify the sources of growth, by distinguish-
ing between externalities or spill-overs — captured by the productivity residual —
and the effects of investment in human capital.

Second, a comparison of an adjusted and unadjusted measure of labour input
yields a measure of the corresponding compositional or quality change of labour
input. This can usefully be interpreted as one aspect of the formation of human
capital, and is thus a step towards measuring the effects of intangible investment.

The theory of the firm stipulates that, under certain conditions (i.e. the firm is
a price-taker on labour markets and minimises its total costs), labour of a certain
type will be hired up to the point where the cost of an additional hour of labour is
just equal to the additional revenue that using this labour generates. This equality
implies that, for a measure of total labour input, the individual labour inputs of
different quality can be weighted using their relative wage rates (or, more pre-
cisely, the shares of each type of labour in total labour compensation). 141
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Even when labour input is differentiated only by a simple trait, such as occu-
pation, information requirements are severe: data are needed that distribute the
number of total hours worked across different occupations, by individual industry
and by individual year. In addition, quantity measures of labour input (i.e. hours
worked) have to be accompanied by price measures (i.e. relative average compen-
sation) to construct weights for aggregation. Such rich data sets are normally both
difficult and costly to collect and therefore not readily available in practice.'?

Even when such data are not available, “implicit differentiation” can provide
a useful, albeit incomplete, adjustment for labour quality. Implicit differentiation
arises when labour input (i.e. total hours worked) is measured by detailed industry
without, however, distinguishing between different types of labour within each
industry. If the rate of change in hours worked by industry are aggregated to the
economy-wide level using each industry’s share in total labour compensation as
its aggregation weight, these weights will be relatively large for industries that pay
above-average wages and relatively small for industries with below-average
wages. Assuming that above-average wages reflect an above-average skill compo-
sition of the workforce, some of the quality change of labour input is implicitly
taken into account. Statistics Canada’s industry-level productivity statistics pro-
vide an example of implicit differentiation, since the indices of labour input at the
sectoral level are built up from hours-worked data for more detailed industries
that are weighted by their shares in total sectoral labour compensation.

Capital input

In a production process, labour, capital and intermediate inputs are com-
bined to produce one or several outputs. Conceptually, many facets of capital
input measurement are directly analogous to labour input measurement (Table 3).
Capital goods, whether purchased or rented by a firm, provide a flow of capital
services that constitutes the actual input to the production process. Similarly,
employees hired for a certain period can be seen as providing flows of labour ser-
vices from their stocks of human capital. Differences between labour and capital
arise because producers usually own capital goods. When the capital good “deliv-
ers” services to its owner, no market transaction is recorded. The measurement of
these implicit transactions — whose quantities are the services drawn from the
capital stock during a period and whose prices are the user costs or rental prices
of capital — is one of the challenges of capital measurement.

Constructing measures of capital services."" Conceptually, capital services
reflect a quantity or physical concept that should not to be confused with the
value or price concept of capital. Because flows of the quantity of capital services
are not usually directly observable, they have to be approximated. Most often,
this is done by assuming that service flows are in proportion to the stock of assets,
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after each vintage has been converted into standard “efficiency” units. The capital
stock, so computed, is sometimes referred to as the “productive stock” of a given
type of asset. Accordingly, the importance of capital stock measures to productiv-
ity analysis derives solely from the fact that they offer a practical tool to estimate
flows of capital services — were the latter directly observable, there would be no
need to measure capital stocks.

Several measures of capital frequently encountered in economic statistics do
not provide estimates of capital services suited to use in measuring productivity.
These include the net or wealth capital stock, which is the current market valua-
tion of an industry’s or a country’s productive capital. One of the purposes of the
wealth stock is to measure economic depreciation, i.e. the loss in value of an asset
as it ages. Total depreciation across all vintages of an asset is exactly the amount
by which the value of the net capital stock of an asset declines as an effect of age-
ing. However, the wealth stock is not the appropriate tool to capture the quantity
side of capital services.

The “gross capital stock” is a closely related capital measure. It represents the
cumulative flow of investments, corrected only for the retirement of capital goods,
but based on the assumption that an asset’s productive capacity remains fully
intact until the end of its service life (sometimes called “one-hoss-shay”). For a
single, homogenous asset, the gross capital stock can be considered a special case
of the productive stock, where an asset loses nothing of its physical productive
capacity until it is retired.

Table 3. Labour and capital inputs

Labour input Capital input
Human capital Physical capital
Services to production from
input factors:
Quantity Labour services, measured as total | Capital services, measured as total
hours worked machine hours (typically, assumed to
be in fixed proportion to capital stock)
Prices Compensation per hour User cost of capital per unit of capital
service
Differentiation By industry and by type of labour By industry and by type of capital asset
input
Factor cost or factor Compensation per hour x total User costs x productive capital services
income hours
Aggregation weights Industry-specific and labour- Industry-specific and asset-specific
quality-specific shares in total shares of total user costs of capital

labour compensation

143
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In empirical applications, the growth rate of capital services typically exceeds
that of the wealth stock. Using the wealth stock as a measure of capital input in
productivity calculations would thus imply an overstatement of MFP growth com-
pared with the MFP associated with capital services (see below). On the other
hand, gross capital stock measures in productivity calculations potentially lead to
an understatement of MFP growth, as gross stocks grow more rapidly than capital
services.

The price of capital services is measured by their rental price. If there were
complete markets for capital services, rental prices could be directly observed. In
the cases of, for example, office buildings or cars, rental prices do exist and are
observable in the market. However, this is not the case for many other capital
goods that are owned by producers and for which rental prices have to be
imputed. The implicit rent that capital good owners “pay” themselves gives rise to
the terminology “user costs of capital”.

Because many different types of capital goods are used in production, an
aggregate measure of the capital stock or of capital services must be constructed.
For net (wealth) stocks this is a straightforward matter of summing estimates for
different types of assets. In so doing, market prices serve as aggregation weights.
The situation is different in productivity analysis. Typically, each type of asset is
associated with a specific flow of capital services and strict proportionality is
assumed between capital services and capital stocks at the level of individual
assets. This ratio is not the same, however, for different kinds of assets, so that the
aggregate stock and the flows covering different kinds of assets must diverge. A
single measure cannot serve both purposes except when there is only one single
homogenous capital good (Hill, 1999a).

Under competitive markets and equilibrium conditions, user costs reflect the
marginal productivity of the different assets. User cost weights thus provide a
means to effectively incorporate differences in the productive contribution of het-
erogeneous investments as the composition of investment and capital changes.
Jorgenson (1963) and Jorgenson and Griliches (1967) were the first to develop
aggregate capital service measures that take the heterogeneity of assets into
account. They defined the flow of quantities of capital services individually for
each type of asset, and then applied asset-specific user costs as weights to aggre-
gate across services from the different types of assets.

Figure 2 shows an example for the differences in capital measures that arise
from the two concepts. Over the period under consideration, the capital services
measure in Australia grew at a significantly faster pace than the wealth measure in
that same country. To explain, note that wealth measures are based on an aggrega-
tion across different assets where each asset is weighted by its market price. The
weights that are used to construct capital service measures are higher for short-
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Figure 2. Capital services and net capital stock measures
Australia, 1986-99
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Source: Australian Bureau of Statistics.

lived assets than for long-lived ones: one dollar invested in a short-lived asset
must yield a higher return per year than a dollar invested in a long-lived asset to
make that investment worthwhile. If shorter-lived assets grow more rapidly than
longer-lived ones, the measure of capital services will grow faster than the wealth
measure.

This feature can also be found in other countries, in particular the United
States (Dean et al. 1996). It implies that the choice of the capital measure may
have non-negligible impacts on measured productivity growth. For example,
Australia’s multi-factor productivity grew by an annual average rate of 2.0 per
cent over the period 1995-99, when based on a capital services measure. The
capital services indicator grew by 4.7 per cent per year over the same period,
whereas the net (wealth) capital stock measure only showed a 3.1 per cent rise.
Assuming a capital share of about 0.3, the resulting 1.6 percentage point differ-
ence implies approximately a 0.5 percentage point adjustment to the MFP mea-
sure (0.3 x 1.6 per cent = 0.48 per cent). Thus, based on net stock rather than a
measure of capital services, Australia’s MFP growth would have been evaluated at
2.5 per cent over the years 1995-99, and hence over-estimated compared with
the correct capital services measure; too large a share of output growth would
have been attributed to a change in MFP rather than to an increased contribu-
tion of physical capital to output.

© OECD 2001

145



OECD Economic Studies No. 33, 2001/11

146

Capital and capacity utilisation. There are many reasons why the rate of utilisa-
tion of capital, or more generally, the rate of utilisation of capacity of a firm varies
over time: a change in demand conditions, seasonal variations, interruptions in
the supply of intermediate products or a breakdown of machinery are all exam-
ples of factors that lead to variations in the flow of capital services drawn from a
stock of assets. And yet, it is frequently assumed (for want of better information on
utilisation rates) that the flow of services is a constant proportion of the capital
stock. This is one of the reasons for the pro-cyclical behaviour of productivity
series: variations in output are reflected in the data series, but the corresponding
variations in the utilisation of capital (and labour) inputs are inadequately cap-
tured. If machine hours were measured, adjustments could be made. However, in
practice, the required data rarely exist and consequently, swings in demand and
output are picked up by the residual productivity measure. There have been sev-
eral attempts to deal with this issue, but a generally accepted solution has yet to
be found.

Index numbers

Productivity is usually measured as the ratio of a quantity index of output to a
quantity index of inputs. Indices are required because the heterogeneity of goods
and services does not permit simply adding up units of different types of com-
modities. However, aggregation results are in general sensitive to the choice of a
specific index number formula. These formulae should therefore be chosen care-
fully on both conceptual and practical grounds.

A first choice that must be made for comparisons over several periods is
whether to compare two periods directly (say, between period 0 and period 2), or
indirectly (in which case the change between period 0 and 2 is derived from the
change between period 0 and 1, combined with that from period 1 to 2). The eco-
nomics literature, as well as the 1993 System of National Accounts, are quite unan-
imous that inter-temporal comparisons over longer periods should be obtained
by chaining, i.e. by linking the year-to-year movements. The main reason for chain-
ing is that it allows one to adopt weights that reflect economic behaviour: for
example, a relative price fall of a good will typically lead to higher consumption of
this good and changes in the expenditure share of this item. Chained indices
reflect such changes in expenditure patterns because weights are regularly
updated. When indices are based on weights that only reflect conditions in a base
period that is several years away from the comparison period, there is a risk of
weights being out of date and this may introduce a bias into the price or volume
measure.

A second choice pertains to the specific index number formula. The most
widely used index number formulae are the Laspeyres and Paasche indices (the
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former uses base-period weights, the latter current period weights), the Fisher
index (a geometric average of the Laspeyres and Paasche indices) and the Torn-
qvist index (a weighted geometric average of its components).

To help decide between different index number formulae, a series of intu-
itively appealing criteria have been developed in the index number literature,
starting with the impressive work by Irving Fisher (1922). Examples of such criteria
are the identity test (if the prices of period 1 are the same as those of period 0, then
the price index should take a value of one) or the commensurability test (the price
index should be independent of the units of measurement). Many other criteria
exist (see Balk, 1995 for a survey), and the different index number formulae can be
checked against them.

Another approach makes use of economic theory to define price or quantity
indices theoretically. A well-known example is the Koniis (1924) cost of living
index derived from the micro-economic theory of the consumer. It is represented
as the ratio of the minimum expenditure in period 1 over minimum expenditure in
period 0, while maintaining utility constant. Empirically, it is not normally possible
to measure such a theoretically defined index directly as the specific form and
parameters of utility or cost functions are unknown. However, Diewert (1976)
showed that there are functional forms (such as the translog functional form) that
provide approximations to arbitrary, twice differentiable homogenous functions.
He further showed that these functional forms can be exactly represented by cer-
tain index number formulae that he called “superlative” index numbers. This pro-
vides a strong economic rationale for the use of superlative index numbers, such
as the Fisher and the Tornqvist index. Empirically, it turns out the choice between
different types of superlative indices matters little and can thus be left to the indi-
vidual researcher.

ESTIMATING PRODUCTIVITY LEVELS

International comparisons of productivity growth can give useful insights in
growth processes, but should ideally be complemented with international com-
parisons of income and productivity levels. An examination of levels gives insights
into the possible scope for further gains, and also places a country’s growth experi-
ence in the perspective of its current level of income and productivity. OECD has
published estimates of productivity levels in various studies (e.g. Englander and
Gurney, 1994; Pilat, 1997; Scarpetta, et al., 2000). Most of these studies have not
looked in detail at measurement issues, or examined how differences in produc-
tivity levels should be interpreted.

International comparisons of productivity levels require three components,
namely comparable information on output (typically GDP), comparable informa-
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tion on factor inputs (labour, capital) and conversion factors (or purchasing power
parities, PPPs) to translate output and factor inputs in national currencies to a
common currency. This section discusses the available estimates and some of the
main measurement issues, in particular the use of PPPs for currency conversions,
as well as the correspondence between output and labour input measures for
level comparisons. The discussion focuses on productivity at the aggregate level.
The estimation of sectoral productivity levels raises additional measurement
issues that go beyond the scope of this paper.'?

Output, labour and capital input

Comparability of output measures

The measurement and definition of economic output is treated systematically
across countries in the 1993 System of National Accounts (SNA 93). The revisions
to the SNA introduced at that time tend to increase the level of total GDP,
although not uniformly over time or across countries. The SNA revisions raised the
level of GDP in all of the OECD countries who have implemented these changes,
with the increases ranging from 0.3 per cent for Belgium's 1996 GDP, to 7.4 per cent
for Korea's 1996 GDP (Scarpetta, et al., 2000). Although most OECD countries have
now implemented the new SNA, Switzerland and Turkey are exceptions. Thus,
GDP (and consequently productivity) levels in these countries are likely to be
underestimated compared with countries that have implemented the new system,
although the extent of this bias is unknown. Once the introduction of the new SNA
is completed, international comparability is likely to have improved.

A second factor that may influence the comparability of GDP across countries
is size of the non-observed economy. In principle, GDP estimates in the national
accounts take account of this part of the economy. In practice, questions can be
raised about the extent to which official estimates have full coverage of economic
activities that are included in GDP according to the SNA, or to which extent mis-
reporting is involved. Large differences in coverage could substantially affect com-
parisons of productivity levels. Little is known about the possible size of the non-
observed economy in different OECD member countries, although work is cur-
rently underway to address this issue (OECD, 2000).

Comparability of labour-input measures

Equally important for international comparisons of productivity levels are
comparable measures of labour input. Labour input is commonly measured along
three dimensions: the number of persons engaged; the total number of hours
worked of all persons engaged; and the total number of hours worked adjusted for
the quality of individual workers. Employment statistics are quite well standard-
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ised across OECD countries as most countries provide labour force statistics along
agreed guidelines. In principle, therefore, they pose few problems for interna-
tional comparisons. The main difficulty is to ensure that the employment data are
consistent in coverage with other data that are required to make comparisons of
productivity, notably GDP and hours worked.

There are two issues that arise here. The first question is whether countries
integrate estimates of employment in the national accounts. These estimates
could be based on different sources, such as labour force surveys and enterprise
statistics, and would, in principle, be more consistent with GDP than estimates
relying on only one single source. In practice, not all OECD countries integrate
employment statistics in the national accounts, implying that labour force statis-
tics remain the most comparable source.

The second, closely related, problem is whether estimates of hours worked are
consistent with the employment data. Estimates of hours worked are typically
based on two alternative sources, labour force surveys and enterprise statistics.
Labour force surveys are based on surveys of households, whereas enterprise statis-
tics survey firms. Both sources seem to have some advantages and disadvantages
for comparisons of productivity levels (OECD, 19994; Van Ark and McGuckin, 1999):

¢ Labour force surveys may underestimate absences due to illness and holidays.

¢ Evidence on time use related to labour force surveys suggests that persons
who work long hours may overestimate their working time.

¢ Labour force surveys potentially pick up extra hours worked by managers
and professionals that are over and above the conventional hours of work in
an establishment and that are clearly not picked up by establishment
sources.

¢ Enterprise statistics are less likely to provide full coverage of all persons
engaged in the economy, and may underestimate overtime.

In principle, this suggest that labour force surveys may somewhat overesti-
mate total hours worked, whereas enterprise surveys may underestimate hours
worked. Much depends on the quality and coverage of the surveys, however, and
several OECD countries provide comprehensive estimates of hours worked based
on a mix of sources. The OECD has recently produced estimates of hours worked
that draw on such a mix of sources, where hours worked estimates from labour
force surveys were adjusted downwards to compensate for known biases (Scar-
petta, et al., 2000). Cross-country comparability can thus be improved as compared
to the use of original national sources for some countries, but there remains a mar-
gin of uncertainty.

The quality of labour input is much more difficult to compare across coun-
tries, in particular in terms of levels. Education systems and standards differ con-
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siderably across countries, information on firm-level training is not collected or
incomplete in most countries, and reliable data are scarce in all these areas. While
some efforts have been made — primarily at the level of individual sectors — to
account for qualitative differences in labour input across countries, the statistical
basis is limited, and the results are therefore not necessarily robust."*> The OECD
has therefore not yet estimated quality-adjusted levels of labour input for interna-
tional comparisons of productivity levels. The decomposition of GDP per capita
below therefore ignores quality aspects of labour input in the estimation of labour
productivity levels.

Comparability of capital-input measures

Estimates of labour productivity levels are quite common. Much more diffi-
cult and more controversial is the comparison of levels of capital productivity and
of multi-factor productivity.'* The main controversy concerns the comparison of
capital input across countries (Van Ark, 1996). Official estimates of capital stock
embody a wide variety of assumed asset lives and retirement patterns.”” Some of
the variation across countries may be accounted for by compositional differences
and differences in technological progress, which cause the capital stock to become
obsolete more rapidly in some countries. However, this is difficult to verify and in
most cases the statistical basis for the variation in asset lives and retirement pat-
terns is weak, since statistical offices collect such information only infrequently.

A second problem concerns the conversion of capital stocks in national currency
values into a common currency. This requires PPPs for capital stock. In principle, these
can be derived from official PPPs for investment by converting investment series to a
common currency and then calculating capital stock in a common currency. This
requires reliable PPPs for investment and deflators for investment. PPPs for invest-
ment have been criticised in some recent evaluations of the PPP programme (OECD,
1997), however, and it is therefore not clear how reliable they are. Further progress is
needed in making capital stocks more comparable across countries so as to improve
the basis for comparisons of capital and multi-factor productivity.'®

Purchasing power parities for international comparisons

The comparison of income and productivity across countries also requires pur-
chasing power parity (PPP) data for GDP. Exchange rates are not suitable for the con-
version of GDP to a common currency, since they do not reflect international price
differences, and since they are heavily influenced by short-term fluctuations. Over
the past two decades, OECD has regularly published estimates of PPPs, derived
from its joint programme with Eurostat. Benchmark estimates of PPPs are currently
available for 1980, 1985, 1990, 1993 and 1996, and work is underway for a new bench-
mark comparison for 1999.!7 In using these PPP estimates for international compari-
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sons of income and productivity, two issues must be addressed, namely the choice
of aggregation method and the choice of benchmark year.

Aggregation method

The choice of aggregation method for constructing PPPs has been a source of
debate over the past two decades. Initial work on international comparisons, such
as the seminal study by Kravis, Heston and Summers (1982), provided a wide
range of aggregation methods. The latest benchmark comparisons by OECD and
Eurostat offer only two alternatives, namely those based on the Geary-Khamis
(GK) method, and those based on the Elteto-Koves-Szulc (EKS) method.'® Aggre-
gation takes place after price ratios for individual goods and services have been
averaged to obtain unweighted parities for small groups of homogeneous com-
modities. It involves weighting and aggregating the unweighted commodity group
parities to arrive at PPPs and real values for each category of expenditure up to
the level of total GDP.

The two methods differ substantially. The EKS method treats countries as a
set of independent units with each country being assigned equal weight. The EKS
prices are obtained by minimising the differences between multilateral binary
PPPs and bilateral binary PPPs. The EKS PPPs are thus close to the PPPs that
would have been obtained if each pair of countries had been compared individu-
ally. The GK method treats countries as members of a group. Each country is
weighted according to its share in GDP and the prices that are calculated are char-
acteristic of the group overall. Both methods have advantages and disadvantages:

¢ For countries with price structures that are very different from the average,
the GK approach leads to higher estimates of volumes (and GDP per capita)
than if more characteristic prices would have been used. This effect is par-
ticularly important when comparing countries with great differences in
income levels. The GK approach leads to results that are additively consis-
tent, however, which implies that the real value of aggregates is the sum of
the real value of its components. This is an advantage for national accounts
and permits comparisons of price and volume structures across countries.

¢ The EKS method leads to results that are more characteristic of each coun-
try’s own prices, and thus leads to estimates of GDP per capita that are rela-
tively similar to those resulting from the use of characteristic prices. Its
results are not additive, however.

For OECD countries, the differences between the two methods are relatively
small, since national price structures are similar. Most comparisons of income and
productivity utilise the EKS results, however, since these do not seem to overesti-
mate income levels for low-income economies and are more closely aligned with _I51]
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index number theory.!” The EKS method is also the method officially accepted by
Eurostat for administrative purposes.

Benchmark year

The second issue to be addressed concerns the choice of benchmark year.
For several OECD countries, the OECD/Eurostat estimates of PPPs are currently
available for five benchmark years. This raises a problem of which benchmark to
choose for international comparisons. In principle, it seems appropriate to use the
most recent benchmark, i.e. 1996, since this is most likely to reflect current price
differences in the OECD area. To indicate the sensitivity of comparisons of income
and productivity to the choice of benchmark, Table 4 provides an overview of
comparative estimates of GDP per capita for 1999, based on alternative bench-
mark results. It suggests that there is some variation in results between the differ-
ent benchmark years, but that there are relatively small differences in results
between recent benchmark years, i.e. 1990, 1993 and 1996. For most countries,
the 1996 benchmark gives slightly higher estimates of GDP per capita relative to
the United States than the 1993 benchmark. France, Belgium, Norway and Spain
are exceptions and have slightly lower levels of GDP per capita with the 1996
benchmark.

Estimates of income and labour productivity levels

Clearly, data for international comparisons of income and productivity are not
perfect and some choices between different sources have to be made. In this
paper, GDP is derived from the OECD SNA database, which incorporates the latest
comparative information on GDP from OECD member countries. Data on employ-
ment are from the OECD Labour Force Statistics, as this source is more standardised
across countries than employment data from the national accounts and since the
estimates of hours worked that are used in this paper are closely linked to labour
force surveys. To convert GDP to a common currency, this paper uses the 1996
benchmark PPPs as the most recently available.

Table 5 presents the resulting income and productivity level estimates
for 1999. It shows a considerable diversity in real per-capita GDP levels across the
OECD countries. The United States is at the top of the OECD income distribution,
followed by Switzerland and Norway that have levels of GDP per capita between
80 and 90 per cent of the US level. Luxembourg also has a very high level of GDP
per capita, which is partly due to the large share of frontier workers in total
employment (56 000 out of 226 000 workers in 1997). These contribute to GDP
and employment, but are not included in the working-age and total population.
The bulk of the OECD, including all the other major economies, has income lev-
els that are between 65 and 80 per cent of the US level. Following this group are
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Figure 3. Differentials in GDP per capita and their determinants, 1999

Percentage point differences in PPP-based GDP per capita with respect
to the United States

Percentage gap Effect of labour Effect of labour
with respect to US = Demographic effect! + utilisation2 + productivity3
GDP per capita
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1. Based on the ratio of the working-age population (15-64 years) to the total population.
2. Based on employment rates and average hours worked.
3. GDP per hour worked.

Source: Table 5.

a number of lower-income economies, including Greece, Korea, Portugal, Spain
and New Zealand, some of which have experienced very high growth over the
recent period. Mexico, Turkey and the former centrally-planned economies
(Czech Republic, Hungary and Poland) are at the bottom of the OECD income
distribution.

Figure 3 shows clearly that levels of GDP per capita are not the same as differ-
ences in labour productivity, i.e. GDP per hour worked. The differences is particu-
larly marked for certain European countries, such as France, Italy, Belgium and the

L156 Netherlands, that have levels of GDP per hour worked that are higher or comparable
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to the United States but much lower levels of GDP per capita. Low labour utilisation,
i.e. low employment rates and short working hours, explains the bulk of this gap. For
most other OECD countries, in particular those at the bottom end of the OECD income
distribution, labour productivity is closely linked to levels of GDP per capita.

High labour productivity is often associated with strong economic perfor-
mance. However, some countries, with high levels of labour productivity have very
low levels of labour utilisation, suggesting that high labour productivity may partly
be due to increasing the capital-labour ratio and to pushing low-productivity work-
ers into unemployment or out of the labour force. Estimates of GDP per hour
worked should therefore ideally be looked at in combination with estimates of
GDP per capita.

THE INTERPRETATION OF PRODUCTIVITY MEASURES

Productivity is an important yardstick of economic performance. Different
productivity measures are, however, often used without sufficient clarity about the
specific measure that is being used and its correct interpretation. This section
briefly touches on six of the most common uses made of productivity measures
and possible pitfalls: the relationship between productivity growth and technolog-
ical change; the link between productivity and costs; productivity over the busi-
ness cycle; the difference between productivity and efficiency; the links between
industry and firm-level productivity growth; and innovation and productivity
growth.

The link with technological change

Multi-factor productivity growth is often interpreted as an indicator of techno-
logical progress. This is not entirely correct for three reasons: i) technological
change does not necessarily translate into MFP growth; ii) MFP growth is not nec-
essarily caused by technological change; and iii) MFP may understate the eventual
importance of productivity change in stimulating the growth of output. These
three factors are discussed below.

Some technological change does not translate into MFP growth because
embodied technological change, such as advances in the quality of new vintages
of capital or improved human capital, is reflected instead in the measured contri-
butions of capital and labour to output growth. Disembodied technical change, on
the other hand, will be reflected in MFP growth as it relates to advances in scien-
tific knowledge, and to the diffusion of knowledge on how things are done, includ-
ing better management and organisational change. MFP should also include the
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spill-over effects from capital and labour, e.g. network effects arising from invest-
ment in information technology products.

Conceptually, and following Jorgenson (19954), the MFP term reflects all those
effects on output growth that are not investment, where investment is understood
as the commitment of current resources in the expectation of future returns,
implying that these returns can be internalised by the investor. The distinction is
important because the diffusion of embodied technical change is dependent on
market transactions: investment in the improved capital or intermediate good will
be undertaken until its marginal contribution to revenue generation just equals its
user cost, itself dependent on the market price of the capital good. The diffusion
of disembodied technical change is not necessarily associated with market trans-
actions. Information may circulate freely and its use by one person does not nor-
mally restrict its use by another one.

When the measure for the quantity of capital services used in the MFP calcu-
lation is based on a price index that reflects quality changes in capital goods,
embodied technological change is captured by the growth contribution of capital
and not by the residual MFP. Conversely, when the capital goods price index is not
adjusted for quality change, both embodied and disembodied technological
change will be picked up by the MFP residual. As Hulten (1992) showed, the
embodiment part of technology can be measured by comparing capital input
based on quality-adjusted price indices and capital input based on unadjusted
price indices. This idea was also pursued by Greenwood et al. (1997) and Bassanini
et al. (2000).

Data and resource constraints often do not permit a careful differentiation
and full coverage of all labour and capital inputs. As a consequence, some of the
embodiment effects of technological change and some or all of the changes in the
skill composition of labour input are picked up by the MFP residual. Thus, the cor-
rect interpretation of the productivity term with respect to technological change
requires knowledge about the methodology used to compute time series of capi-
tal and labour input.

Just as some technological change does not correspond to MFP growth, some
MFP growth is not caused by technological change. Even where the residual
reflects part or all of technological change, several other factors will also bear on
measured MFP. Such factors include adjustment costs, economies of scale, cyclical
effects, inefficiencies and measurement errors. This is confirmed by econometric
studies that link MFP growth to technology variables, in particular research and
development and patents or those that explicitly control for adjustment costs or
allow for non-constant returns to scale. Research and development expenditure,
for example, tends to show a statistically significant relation to productivity
growth, but only explains a relatively small part of the overall annual movements
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in MFP.2° This indicates the presence of other factors. Measures of MFP are thus
better interpreted as measures of improvements in overall efficiency than as pure
expressions of technical change.

Finally, MFP may understate the eventual importance of productivity change
in stimulating the growth of output. This reflects the fact that in growth accounting
models, capital is considered an exogenous input to the production process. In a
dynamic context, this is no longer the case and a feedback mechanism exists
between productivity change and capital. Suppose that technical change allows
more output to be produced per person. The static MFP residual measures just
this effect of technical change. Typically, however, additional output per person
will lead to additional savings and investment, and to a rise in the capital-labour
ratio. A traditional growth accounting framework would identify this induced effect
as a growth contribution of capital, although it can be traced back to an initial shift
in technology. Thus, the MFP residual correctly measures the shift in production
possibilities but does not capture the induced effects of technology on growth
(Rymes, 1971; Hulten, 2000).

Productivity growth and changes in costs

Productivity measures are typically derived on the basis of production func-
tions and quantity measures of inputs and outputs. Under certain conditions
(e.g. cost minimisation), an equivalent and intuitively appealing “dual” approach
exists that expresses advances in productivity as downward shifts of a cost func-
tion. A cost function shows the minimum input cost of producing a certain level of
output, given a set of input prices. Thus, the MFP productivity residual can be
measured either in the residual growth of output not explained by the growth of
inputs, or as the residual decline in average costs not explained by changes in
input prices. A slightly different formulation is that productivity growth equals the
diminution of total costs that is explained neither by a fall in output nor by substi-
tution of inputs that have become relatively more expensive for those whose rela-
tive price has fallen.

The formulation of MFP in terms of average costs demonstrates once more
that productivity is not necessarily technological change and that technological
advances do not necessarily translate into a change of the MFP residual. It is intu-
itively plausible that total and average costs can be reduced by factors other than
technological change, such as organisational innovations or learning by doing
(Harberger, 1998). The cost approach also shows how embodied technological
change can reduce the costs of inputs and trigger substitution processes without,
however, changing the rate of multi-factor productivity growth.
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The role of the business cycle in productivity growth

Most productivity measures are pro-cyclical, accelerating during periods of
economic expansion and decelerating during periods of recession. In part, this is
due to inadequate measurement. While cyclical variations in volume output tend
to be measured quite accurately in economic statistics, variations in the rate of
utilisation of inputs are not picked up as fully. In particular, changes in the rate of
utilisation of capital equipment (i.e. changes in machine hours) are rarely captured
in these measures. Labour input, if measured by hours actually worked, better
reflects the changing rate of utilisation of manpower, but remains an imperfect
measure. Consequently, increases in the rate of capacity utilisation in periods of
expansion will cause output measures to show more rapid growth, but input mea-
sures may remain stable or grow less rapidly. The result is a rise in measured pro-
ductivity growth. The converse holds for periods of recession.

Even if capacity utilisation were accurately measured, difficulties would
remain in reconciling the standard productivity model with the realities of the
business cycle. Much of the economic and index number theory used to guide the
construction of these measures relies on long-term, equilibrium relationships.
Since little or no account is taken of unforeseen events or disequilibria, the eco-
nomic model of productivity measurement is more appropriately applied to peri-
ods of continued and moderate expansion, than to rapidly changing phases of the
business cycle. This limitation means that year-to-year changes in productivity
growth should not be interpreted prima facie as shifts in disembodied technology.
For this purpose it is preferable to examine productivity growth patterns over
longer periods of time or adjust productivity estimates for cyclical fluctuations.?!
Moreover, it is wise not to draw strong conclusions about shifts in productivity
from the evidence of just a few years.

The difference between productivity and efficiency

Productivity and efficiency are related, but not identical concepts (Sharpe,
1995). A firm or industry is considered to be inefficient if it could produce more
output with existing inputs, i.e. the firm is not on the production possibility curve,
but within it. Productivity relates the quantity of output produced to one or more
inputs used in its production, irrespective of the efficiency of their use. In analys-
ing productivity growth across countries, the difference between these two con-
cepts allows a distinction between three different processes. First, productivity
growth can result from innovative activity that results in an outward shift of the glo-
bal production possibility frontier. Second, firms can improve productivity by
adopting production processes and products developed elsewhere (imitation).
Diffusion differs conceptually from efficiency gains, as the latter relates to
improvements made in using a given technology — even when this technology is
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outdated by international standards. Third, productivity growth may also be due
to reduced (technical) inefficiency. An inefficient firm or industry uses more
resources and factor inputs than required by a particular technology, thus tying
resources to low-productivity activities and reducing the overall allocative effi-
ciency of an economy. Understanding the reasons behind productivity growth is
therefore necessary before attributing such changes to specific sources.

How productivity at the industry level is related to that at the firm level

The main focus of this paper has been productivity measurement at the
industry and aggregate level of the economy. Industries and branches are them-
selves made up of individual firms and establishments and new micro-level data-
bases have greatly enhanced the possibilities for empirical research to better how
understand individual units’ productivity performance carries over to what is
observed at the industry level. Several important conclusions have arisen from a
significant body of studies (Haltiwanger, 2000; Bartelsman and Doms, 2000; OECD,
2001b). First, there are large differences in productivity performance between indi-
vidual units. Second, there is a continuous and large-scale re-allocation of outputs
and inputs between producers, including within industries. Third, this re-allocation
contributes significantly to aggregate productivity growth. For example, Haltiwanger
reports that for the United States manufacturing sector, roughly half of multi-factor
productivity growth over the course of a recent decade can be accounted for by
the re-allocation of outputs and inputs away from less productive to more produc-
tive businesses.

These findings do not invalidate the theory of productivity measurement in
this paper that essentially treats an industry, a sector or even the entire economy
as if it were a single firm. Rather, it adds to the understanding and interpretation
of measured productivity growth. For example, it points to one mechanism by
which an industry as a whole implements technical change: if new technology is
mainly adopted by new establishments, productivity growth occurs with entry and
exit, and this requires re-allocation. Technical advances at the industry level are
then associated with the diffusion of new technology among establishments,
rather than with a simultaneous shift in the production frontier of an existing set of
businesses. This provides an additional interpretation of changes in the produc-
tivity residual at the industry level. Micro-level data studies with their focus on
firm dynamics, entry and exit and re-allocation of resources also form a natural link
to the question how innovation and “creative destruction” (see below) translate
into industry-level productivity growth. Nonetheless, micro-level approaches can-
not replace the more aggregate type of productivity measurement. This is due to
poor data quality at the firm or establishment level (e.g. for capital input) and the
timeliness and exhaustiveness of the available data sets. But micro-level studies
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enhance our understanding of the underlying drivers and dynamics of productivity
growth.

Innovation and productivity

Most approaches to measuring productivity are firmly rooted in a neo-classical
equilibrium concept. Equilibrium conditions are very important because they
help to guide measurement of parameters that would otherwise be difficult to
identify. Although its usefulness is generally recognised, it has been argued that
an equilibrium approach sits uneasily with the notion of innovation and produc-
tivity growth. Evolutionary economists (e.g. Dosi, 1988; Nelson and Winter, 1982;
Nelson, 1981) argue that innovation and technical change occur as a conse-
quence of information asymmetries, and market imperfections. In a quite funda-
mental sense, innovations and information asymmetries are one and the same
phenomenon. Indeed, such asymmetries can scarcely be termed market imper-
fections when they are necessary conditions for any technical change to occur in
a market economy (Metcalfe, 1996). The point made by evolutionary economists
is that equilibrium concepts may be the wrong tools to approach the measure-
ment of productivity change, because if there truly was equilibrium, there would
be no incentive to search, research and to innovate, and there would be no pro-
ductivity growth.

Such criticism has to be taken seriously in the interpretation and use of pro-
ductivity measures. An important lesson from this debate is that accounting is not
explaining the underlying causes of growth. Griliches (1997) makes a related point:

“We can take productivity growth calculation and allocate it in great detail to the various
missed components, reducing thereby the role of the “unallocated” residual. But this, while
very instructive and valuable, only shifts the problem to a new set of questions: why was
there all this investment in human capital? Will it continue? Where did the improvements in
capital equipment come from? |...] Real explanations will come from understanding the
sources of scientific and technological advances and from identifying the incentives and cir-
cumstances that brought them about and that facilitated their implementation and diffusion.
Explanation must come from comprehending the historical detail.”

This does not invalidate the usefulness of the standard equilibrium approach
to productivity measurement, discussed in this paper, but alerts us to some of its
limits. What emerges is the complementarity of approaches: growth accounting
and productivity measurement allow the systematic and consistent quantification
of the proximate sources of growth. It has explanatory power in that it captures the
workings of supply of, demand for and substitution between categories of measur-
able inputs. At the same time, growth accounting has to be complemented by
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institutional, historical and case studies if one wants to explore the underlying
causes of growth, innovation and productivity change.

IN CONCLUSION

The measurement of productivity continues to generate substantial interest
in many countries, since productivity is a key yardstick of economic performance.
This paper has discussed the main measurement difficulties that need to be con-
fronted when calculating productivity indicators and has provided guidance to
researchers and statisticians in addressing these difficulties. Substantial progress
has been made in recent years to improve the comparability of productivity statis-
tics. In many countries, however, basic source data are still the key limitation to
the development of comparable indicators of productivity. In addition, statisti-
cians, researchers and policy makers need to be more aware of the way in which
productivity statistics are used and their appropriate interpretation.
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NOTES

. Multi-factor productivity is sometimes referred to as total factor productivity. Multi-

factor productivity implies that several factors are included as inputs, though not nec-
essarily all. Total factor productivity suggests that all possible factors are included. In
practice, this is seldom the case.

This definition is consistent with the System of National Accounts 1993.

Recently, Nordhaus (2001) discussed the link between industry-level and aggregate
productivity measures based on value added. He presented alternative methods for
measuring productivity growth that are derived from the link between productivity
and welfare. Nordhaus showed that, under a number of restrictive assumptions, a
welfare-related productivity measure can be constructed as a weighted average of
productivity growth in individual industries. One specific conclusion is that macroeco-
nomic productivity gains that arise from shifts between industries with different pro-
ductivity levels should be excluded from welfare-oriented productivity measures.

This is a general form of double-deflation, expressed in a continuous-time Divisia
index.

To interpret value-added-based MFP growth as a measure of disembodied technical
change, one has to assume that technical change operates only on primary inputs, and
not on intermediate ones. There is little empirical evidence to support this assumption.

6. For a discussion regarding the United States, see Eldridge (1999).
7. See the OECD Handbook on the Quality Adjustment of Price Indices for ICT Products (forthcoming)

and the Eurostat Handbook on Price and Volume Measures in National Accounts (forthcoming).

8. For an overview, see Bresnahan and Gordon (1996).

9. For example, Lowe (1996) provides an overview of how quality change is handled in

the Canadian National Accounts.

. For empirical results see United States Bureau of Labor Statistics (1993), Fosgerau et al.

(2001) and Scarpetta et al. (2000).

. For specific information about the practical and conceptual issues regarding the con-

struction of capital stock measures, see the OECD Manual on Capital Measurement (2001).

. Van Ark (1996) and Pilat (1997) discuss these issues in greater detail. See also

O’Mahony (1999).

. Estimates of quality-adjusted labour input are available for some countries, see for

example O’Mahony (1999).

. Levels of capital productivity and multi-factor productivity for five major OECD econo-

mies (United States, Japan, Germany, France, United Kingdom) are estimated in
O’Mahony (1999).
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20.
21.

. An additional problem concerns the deflators that are used to measure investment.

See Colecchia and Schreyer (2001).

. Ongoing work on the OECD Capital Stock Manual and the OECD Productivity Manual may

help in enhancing the comparability of capital stock estimates across countries.

The Internet site of the OECD Statistics Department provides an overview of some of
the key issues related to the construction of purchasing power parities, see
www.oecd.org/std/ppps.htm. An evaluation of the PPP programme was prepared by the
former chief statistician of the Australian Bureau of Statistics, Ian Castles, in 1997
(OECD, 1997), and has led to a range of improvements in the construction of PPPs. The
recent benchmark study for 1996 also contains an extensive discussion of many of the
issues related to the OECD/Eurostat work on PPPs (OECD, 1999b).

. See Elteto and Koves (1964); Szulc (1964); Geary (1958); and Khamis (1970). More

elaborate descriptions of these methods and the differences between them are avail-
able in OECD (1999b). See also Van Ark (1996), Pilat (1997) and OECD (1998) for a dis-
cussion of the use of PPPs for international comparisons of productivity.

. The EKS method is closely related to superlative index numbers, such as the

Theil-Tornqvist index.
See the paper by Guellec and Van Pottelsberghe in this issue of OECD Economic Studies.

More detail on the trend-adjustment of productivity growth is available in Scarpetta
et al. (2000).
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© OECD 2001



OECD Economic Studies No. 33, 2001/11

R&D AND PRODUCTIVITY GROWTH: PANEL DATA ANALYSIS
OF 16 OECD COUNTRIES ..o 103

Dominique Guellec and Bruno van Pottelsberghe de la Potterie

This study investigates the long-term effects of various types of R&ED on multi-factor productiv-
ity growth, which are the spillover effects of RED activities. Econometric estimates are conducted
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unemployment as well as alternative empirical methods that have been used to provide estimates of
them. Drawing on this review, it goes on to develop a method for estimating time-varying NAIRUs
across a range of OECD countries using a Kalman filter. 1t then discusses the resulting economet-
ric estimates, and the scope for their further refinement given the associated range of uncertainties.
Recent trends in the NAIRU estimates are reviewed: they fell in many countries in the second half
of the 1990s, although actual unemployment has remained well above the NAIRU for a majority
of countries throughout much of the 1990s, particularly in Europe. Finally, the relevance of such
measures to analysing inflation developments and monetary policy is discussed.
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