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Abstract

In this paper we present a new industry-level database to analyse sources of growth in four

major European countries: France, Germany, Netherlands and the United Kingdom (EU-4), in

comparison with the United States for the period 1979-2000. Aggregate labour productivity

growth is decomposed into industry-level contributions of labour quality, ICT and non-ICT

capital deepening and TFP. A small set of service industries is mainly responsible for the

acceleration in ICT capital deepening in both regions, but their contribution to growth is

lower in the EU-4 than in the U.S. TFP in these ICT-intensive services accelerated in the U.S

in the 1990s, but not in Europe. In addition, widespread deceleration in non-ICT capital

deepening in the EU-4 has led to  a European labour productivity slowdown.
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1. Introduction

The late 1990s has seen a major change in the comparative growth performance of

Europe and the United States. Since the Second World War labour productivity growth in

Europe had outstripped that of the United States, leading to rapid catch-up. However, since

1995 U.S. labour productivity growth has nearly doubled compared to earlier periods, while

European growth rates declined.

Much research based on growth accounting has tried to explain the U.S. growth surge,

as well as why Europe has fallen behind, by focussing on investment in ICT assets. In the first

round of studies aggregate trends in the U.S were analysed. Accelerating labour productivity

growth was mainly attributed to increasing investment in ICT-goods and improvements in

TFP (Jorgenson and Stiroh, 2000; Oliner and Sichel, 2000). Industry-level TFP trends were

still unavailable, but rough estimates by “backing out” TFP growth in IT production

suggested that most of the aggregate TFP acceleration could be traced back to rapid

technological change in ICT goods production.1 But as more detailed industry-level data

became available, the focus broadened to include not only ICT-goods producing industries

but also service industries that are heavy users of ICT. Studies by Bosworth and Triplett

(2003) and Jorgenson, Ho and Stiroh (2002) show that the biggest contributors to aggregate

ICT capital deepening are a limited number of service industries, in particular trade, finance

and business services. Besides TFP growth in ICT-goods manufacturing, TFP acceleration in

the ICT-using service industries appears to be important as well.

The first set of growth accounting studies for Europe relied heavily on private data

sources on ICT expenditure collected outside the system of national accounts (Schreyer 2000;

Daveri, 2000, 2002). They found that although ICT-investment growth also accelerated in

Europe, its lagging behind the U.S. was mainly due to lower levels of ICT investment. This

conclusion was confirmed once investment series from national accounts became available

(Colecchia and Schreyer 2002, van Ark, Melka, Mulder, Timmer and Ypma 2002, Vijselaar

and Albers 2002). Typically, they found that the contribution of ICT capital deepening to

aggregate labour productivity growth in Europe was only half the contribution in the U.S.

Secondly, the studies unveiled that the European slowdown after the mid 1990s was not

directly related to developments in information and communication technology. Instead the

explanation can be found by trends in more traditional sources of growth.  In contrast to the

U.S., contributions from non- ICT capital deepening declined considerably after 1995 and

appeared to be an important determinant of the European labour productivity slowdown

(Timmer, Ypma and van Ark 2003).

Thirdly, it was found that in contrast to the U.S., aggregate TFP growth in Europe did

not accelerate. This difference could only partly be attributed to the smaller ICT-producing

sector in Europe compared to the U.S. and hence must be sought elsewhere in the economy
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(Timmer, Ypma and van Ark 2003). A detailed study of labour productivity growth at the

industry level by van Ark, Inklaar and McGuckin (2003b) suggested that much of the failure

of Europe to achieve its own labour productivity growth revival in the late 1990s can be

traced to the same industries that performed so well in the United States, particularly trade

and finance. Labour productivity growth in these intensive ICT using industries lagged

severely in Europe.

However, without detailed information on ICT and non-ICT investment for individual

industries, it remains unclear which industries are responsible for the gap in ICT investment

between Europe and the U.S., the European slowdown in non-ICT capital deepening and its

sluggish TFP growth compared to the U.S. The main novelty of this study is the incorporation

of ICT and non-ICT capital service flows in a growth accounting decomposition of labour

productivity growth at the industry level for European countries. This is done for twenty-six

industries and four major European countries (France, Germany, the Netherlands and the

U.K.) in comparison with the U.S. for the period from 1979 to 2000. Together these four

countries make up about 70 percent of total GDP in the European Union and are referred to as

EU-4 in the remainder of this paper.

Table 1 provides a decomposition of aggregate labour productivity growth into the

contributions from labour quality, ICT and non-ICT capital deepening and TFP growth for

EU-4 and the US. The results in Table 1 reflect previous findings on comparative EU and

U.S. performance discussed above. The main source of the EU-4 slowdown is a deceleration

of non-ICT capital deepening and, in contrast to the U.S., a lack of acceleration of TFP

growth. Although in this paper we mostly focus on the EU-4 versus the U.S., it is important to

realise that in some cases the EU-4 results hide considerable cross-country variation. In

Figure 1 we show the decomposition of labour productivity growth for the individual

European countries as well as the EU-4 and U.S. Although the individual countries differ in

their growth experience, a few common observations stand out. First of all, the European

countries all had higher labour productivity growth than the U.S. before 1995 and all except

the U.K. had lower growth after 1995. Furthermore, the contribution of ICT capital deepening

is lower than in the U.S. in all European countries throughout the period. It is beyond the

scope of the paper to discuss the individual country results; the interested reader is referred to

Inklaar, O’Mahony and Timmer (2003).

[Table 1 about here]

[Figure 1 about here]

The rest of the paper is organised as follows. In the next section we describe the data

and methods used in constructing our industry growth accounting database, focusing in
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particular on the derivation of the investment series. It also describes the method to derive the

contributions of industry-level capital deepening and TFP growth to aggregate labour

productivity growth, which is the main focus of this study. Subsequent sections in turn

consider the components that make up aggregate labour productivity growth: industry-level

ICT investment, TFP growth, labour quality and non-ICT investment. In Section 3 we show

that the industries responsible for ICT capital deepening are the same in the EU and the U.S.

and ICT investment has been growing at a similar pace. However, the contribution to

aggregate labour productivity growth is lower in almost all EU industries due to smaller ICT

capital stocks. TFP growth is analysed in Section 4. Both the EU and the U.S. enjoyed

accelerating TFP growth in ICT producing industries. In contrast the contribution of ICT

intensive industries, such as trade and finance, accelerated in the mid 1990s only in the U.S.

During 1995-2000 period aggregate TFP growth in the EU still matched that  in the U.S. but

only because of higher contributions from industries that are neither ICT producers, nor

intensive ICT users. In Section 5 we look at the role of labour quality. Its contribution in both

the EU and the U.S. decreased slightly in the second half of the 1990s but the industry

location varies across the two regions. In Section 6 it is shown that the deceleration in non-

ICT capital deepening in Europe is widespread. Our results show that nearly every European

industry exhibited a deceleration in non-ICT capital deepening, but about half of the

deceleration can be traced to mining and manufacturing industries. Another quarter is due to

slower investment in non-ICT assets in business services. Moderated wages might well have

induced a substitution of labour for non-ICT capital in many industries. Section 7 provides

comparisons of the results of this study with similar industry decomposition studies for the

U.S. and the U.K. Section 8 concludes.

2. Data and methods

Data

In this paper we use a database on output and labour and capital inputs for 26 industries

in France, Germany, the Netherlands, the United Kingdom and the United States, covering the

period 1979 to 2000. The database is available at www.niesr.ac.uk/epke/ and

http://www.ggdc.net/dseries/IGA.shtml and will be regularly updated. In this section we give

a brief overview of the sources and methods used to construct this database. More detailed

information on sources and methods can be found in Appendix A of Inklaar et al. (2003).

Our output measure is value added at constant prices and is based on the GGDC 60-

industry database. This database is from detailed national accounts as compiled in the OECD

STAN database and from industrial and business surveys.2 Deflators for ICT producing

manufacturing industries have been harmonised across countries as discussed below.
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Labour input is measured as hours worked defined as the total number of persons

employed (including self-employed) times the average number of hours worked. It is taken

from the 60-industry database. In addition, for each country we distinguish between several

different types of labour based on educational attainment. To avoid having to force different

educational systems into a common classification, the number of labour types per country

varies between three in Germany and seven in the Netherlands. Information on the share of

each labour type in total employment and their shares in total labour compensation is drawn

from national labour force surveys. Mason, Robinson, Forth and O’Mahony (2003) provide

details on sources and estimation methods for the U.K. and the U.S. Data for the Netherlands

are only available from 1990 onwards and are based on annual data from the Labour Force

Survey and wage surveys for 1995, 1997 and 1998. Due to small samples for some industries,

we can only distinguish ten sectors. Employment and labour compensation shares for detailed

industries are assumed equal to the higher aggregates. Data for France were based on

estimates by INSEE, supplied by CEPII, and for Germany were based on data from the

German Employment Statistics and Wage and Salary Statistics produced by the Statistiches

Bundesamt. We apply the employment shares by type to the total number of hours worked

and the compensation shares to total labour compensation from the 60-industry database.3

To construct our capital input measure we use data on investment in current and

constant prices for six asset types. Of these assets, three refer to ICT goods (computers,

communication equipment and software) and three to non-ICT goods (transport equipment,

other (non-ICT) machinery and equipment and non-residential structures).4 Residential

buildings are not taken into account to allow for a sharper focus on the productivity

contribution of business-related assets.5 Since most of the outputs and inputs of the real estate

industry consists of housing and imputed rents from housing we have to make an adjustment

for this. However, it is hard to separate imputed rents only, so we decided to leave out the real

estate industry from both outputs and inputs. To estimate capital stocks we also need

depreciation rates. For this we rely on industry-specific geometric depreciation rates for

detailed assets. These are based on asset-specific rates in the United States provided in

Fraumeni (1997) and industry shares of these assets from the BEA NIPA. Rates for ICT

equipment are taken from Jorgenson and Stiroh (2000). These rates are applied to all

countries; see Inklaar et al., 2003 for details.

In the case of France, the Netherlands and the U.S., the investment data are based on

detailed files from the national statistical offices, which are not published as part of the

regular national accounts. However, the data are consistent with total investment by industry

and total investment by asset from the national accounts. In the case of the Netherlands the

industry classification maps onto our industry set in a straightforward way, as does the asset

classification (with the exception of communication equipment). For France and the U.S., the
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industry classification differs considerably in some cases. In France the classification of

manufacturing industries is quite different from the one we adopt in this paper, while in the

U.S. the main problems occur with retail trade (which includes restaurants under the U.S.

SIC87 classification), the computer industry (included with machinery) and cable television

services (included with television broadcasting). For both France and the U.S., we use

detailed investment data from industrial surveys to reallocate investment of manufacturing

industries. For reallocations of service industries in the U.S., we use capital flow tables. In

making these reallocations, we assume the asset composition is the same for each part of the

industry. Aggregation across assets and industries takes place by summing current investment

and Törnqvist aggregating investment at constant prices.

In the case of Germany and the U.K., derivation of complete investment series required

the use of data from secondary sources such as input-output investment flow matrices and

dedicated investment surveys. For the U.K. the main problem is estimating investment in ICT

assets as investment in transport equipment, structures and plant and equipment is available

by industry. Shares of industries in aggregate investment in ICT goods are derived using

capital flow tables. Economy wide series for ICT investment are based on Oulton (2001),

except that the benchmark level of software investment in 1998 is derived using data on

software sales from the The Computer Services Survey by ONS. Full details of the method

and additional sources are given in O’Mahony and de Boer (2001).

German investment data by industry is only available from 1991 onwards. We

extrapolate these figures using data for West-Germany for the period 1970-1991. In the

German National Accounts, only investment in structures is distinguished from investment in

other assets. We use data from the Ifo Investitionenrechnung to estimate industry shares of

aggregate investment in computers and communication equipment, scaled up to include

software using industry scaling factors for other countries combined with aggregate data from

the national accounts. After applying the industry shares to aggregate investment, investment

in non-IT equipment is calculated as a residual.

The starting year for our investment data differs by country, beginning as early as 1901

in the United States and as late as 1970 in Germany. Estimates in O’Mahony (1999) provide

data on capital stocks for long-lived assets such as non-residential structures up to the year in

which the investment data start.

Deflation of ICT goods

It is well known that the capabilities of semiconductors and computers have improved

tremendously over the past few decades. At present there are only a few countries, like the

U.S., that have an adequate system in place for measuring prices of computers and

semiconductors. This means that measured ICT output and ICT investment growth in all other
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countries is likely to be biased downwards. Using a method that mirrors Schreyer’s (2000,

2002) “harmonisation” method we (partly) avoid this bias. This involves applying U.S.

deflators to the ICT producing manufacturing industries in European countries. We apply

U.S. double-deflated value added deflators to each of these industries separately after making

a correction for the difference in the general rate of inflation in the U.S. and the European

country under consideration. In the case of investment deflators, we calculate (industry-

specific) investment goods deflators for computers, communication equipment and software

for the U.S. and apply these to all other countries after making a correction for the general

inflation level.6

Calculating capital stocks and rental prices

Capital input is measured by capital service flows, following the methodology

pioneered by Jorgenson and Griliches (1967) and more recently implemented in Jorgenson,

Ho and Stiroh (2002). Capital stocks are constructed using the perpetual inventory method

(PIM):

tjtjjtj IKK ,1,, )1( ���
�

� , (1)

where tjK , is the capital stock of asset j at time t, j�  is the (geometric) depreciation

rate of asset j and tjI ,  is investment at constant prices. Rental prices for each asset are given

by:

tjjttj pRr ,, ���� � (2)

The rental price is defined as the rate of return R at time t plus the depreciation rate

minus the rate of inflation of the asset in question. We assume the rate of return to be the

same across industries and equal to the internal rate of return for the total economy. Growth in

capital input is measured by capital service flows as follows:

� ���

j
tj

K
tjt KvK ,, lnln (3)

where K
tjv ,  is the two-period average share of asset type j in total nominal capital

compensation. For our growth accounts we use ICT capital services, which are calculated by

weighting each of the ICT capital stocks by the share of the asset in total ICT capital

compensation. Non-ICT capital services are calculated analogously.
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Growth accounting and industry contributions

To assess the contribution of the various inputs to aggregate growth, a growth

accounting framework is followed as developed by Jorgenson and associates and used in for

example Jorgenson, Ho and Stiroh (2002). For each industry gross value added (Y) is

produced from an aggregate input X, consisting of ICT capital services ( ICTK ), non-ICT

capital services ( NK ) and labour services (L).7 Productivity is represented as a Hicks-neutral

augmentation of aggregate input (A). The industry production function (industry and time

subscripts are omitted) takes the following form:

� �ICTN KKLXAY ,,� (4)

with superscript N indicating services from non-ICT capital and superscript ICT indicating

services from ICT capital. Under the assumption of competitive factor markets, full input

utilization and constant returns to scale, the growth of output can be expressed as the

(compensation share) weighted growth of inputs and total factor productivity, denoted by A,

which is derived as a residual.

AKvKvLvY ICTICTNNL lnlnlnlnln ��������� (5)

where iv denotes the two-period average share of input i in total factor income. Imposing

constant returns to scale implies 1���
ICTNL vvv . Capital services are defined in (3) as a

compensation share weighted aggregate of capital stocks.

As in Jorgenson et al. (2002), we define labour quality growth ( Lqln� ) as the

difference between the growth of labour input and the growth of total hours worked:

HLLLvq
h

h
h

h
L

h
L lnlnlnlnln ��������� �� (6)

here L  is the labour input index, aggregated over the h labour types using labour

compensation shares and tH  is total hours worked, summed over the different labour types.

By rearranging equation (5) the results can be presented in terms of average labour

productivity growth defined as the ratio of output to hours worked, HYy � , the ratio of

capital services to hours worked, HKk � , labour quality and TFP as follows:

Akvkvqvy ICTICTNNLL lnlnlnlnln ��������� (7)
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In this paper we focus on the contribution of industry input growth and TFP growth to

aggregate labour productivity growth. As shown by Stiroh (2002b), aggregate labour

productivity growth can be decomposed into industry contributions as follows:

RyvHHvyvy
i

i
Y
i

i
i

Y
i

i
i

Y
i ����

�

�
�
�

	
�
����� ��� lnlnlnlnln          (8)

where Yv is the two-period average industry value added share and i indicates industry. The

term in brackets in equation (8) is the reallocation of hours and reflects differences in the

share of an industry in aggregate value added and its share in aggregate hours worked. This

term will be positive when industries with an above-average labour productivity level show

positive employment growth or when industries with below average labour productivity have

declining employment shares.

Combining the decomposition of industry labour productivity in (7) with equation (8),

the full decomposition of aggregate labour productivity growth can be written as:

� � RAkvkvqvvy
i

i
N
i

N
i

ICT
i

ICT
i

L
i

L
i

Y
i ���������� � lnlnlnlnln (9)

In this way, the contribution of input and TFP growth from each industry to aggregate

labour productivity growth can be calculated. For example, the contribution of ICT-capital

deepening in industry i to aggregate labour productivity growth is given by:

� �ICT
i

ICT
i

Y
i

ICT
i kvvLPCON ln�� (10)

which is the growth of ICT capital per hour worked in industry i weighted by the share of ICT

capital compensation in industry i in aggregate nominal value added. The weight is the

product of the share of industry i in aggregate value added ( Y
iv ) and the share of ICT capital

compensation in industry value added ( ICT
iv ). Similar calculations are carried out for  the

contributions of non-ICT capital, labour quality and TFP.8

Aggregation

There are a number of ways to aggregate output and inputs across industries. Each of

these methods corresponds to different assumptions regarding relative price movements of

output and inputs across industries. Jorgenson, et al. (2002) distinguish three methods,

namely the aggregate production function, the aggregate production possibility frontier and

aggregation over industries. In this paper we employ the third method, which requires the

weakest assumptions regarding equality of prices of value added and inputs across industries.
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This means that we weight industry growth rates of output and inputs by their share in

aggregate value added to calculate the contributions as in Table 1 and subsequent tables.

Also we calculate an aggregate of the four European countries, which we refer to as

EU-4. Since output prices of each industry generally differ across countries we use industry-

specific purchasing power parities (PPPs) to aggregate value added at current prices across

the EU-4.9 These are also used to aggregate labour and capital compensation. Growth of

output and inputs are then aggregated across countries in a similar manner as aggregation

across industries.

3. ICT capital services growth

Previous studies on U.S.-EU labour productivity growth differences have shown that

the key to understanding the acceleration in U.S. labour productivity growth and the lack of it

in the EU-4 is the difference in performance of industries that intensively use ICT and those

that do not (van Ark, Inklaar and McGuckin 2002). This naturally raises the question whether

this is due to lagging ICT investment in Europe, especially in ICT intensive industries.

In Table 2 we show the industry contributions to aggregate ICT capital deepening. It is

striking to see that the EU-4 and U.S. do not differ by much: ICT capital deepening has been

progressing at double-digit growth rates since 1979 in both regions. Although growth has

been faster in the U.S., the differences are relatively minor. This picture extends quite well to

each of the industry groups, but at the industry level, notable differences start to appear.

Within ICT producing industries, the U.S. clearly leads in terms of ICT investment growth in

manufacturing industries, while ICT investment in the telecommunication services industry

grows much faster in the EU-4 in both periods. In ICT using industries, both the wholesale

and retail  trade sectors in the U.S. clearly invested at a faster pace in ICT assets between

1979 and 1995 but subsequently   the EU-4 had mostly closed this growth gap. In business

services, on the other hand, the EU-4 showed considerably stronger investment growth in

both periods than the U.S. In non-ICT industries, the most noticeable difference between the

two regions  is faster EU-4 ICT investment growth in non-ICT manufacturing between 1979-

1995.

[Table 2 about here]

The fact that ICT capital service growth is roughly similar in the EU-4 and the U.S.

does not contradict our earlier finding in Table 1 that ICT capital deepening makes a much

larger contribution to aggregate labour productivity growth in the U.S. than the EU-4. The

larger contribution is due to the fact that ICT capital compensation makes up a much larger
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share of value added in the United States than in the EU-4 as shown in Table 3. This mirrors

the finding of others (Colecchia and Schreyer, 2001; Oulton, 2001; Timmer, Ypma and van

Ark 2003). The higher share is due to the fact that the levels of ICT-investment in the EU

have been much lower than in the U.S. in the period under consideration, although growth

rates are comparable. Consequently, the absolute gap in ICT-capital intensity is increasing

steadily. Table 3 shows that this is true for all industry groups.

Between 1979 and 1995, ICT capital made up only 2.5 percent of aggregate value

added in the EU-4 but 3.4 percent in the United States. For the 1995-2000 period, the gap had

grown to nearly two percentage points. This gap can be found in all of the industry groups

and is biggest in ICT producing industries. When comparing the two periods, the ICT share in

the ICT using industries stands out as having grown much more in the U.S. than in EU-4.

Between 1979 and 1995, the ICT share in value added was relatively close, but by 2000, the

gap had grown to the point where ICT capital made up more than 7.5 percent of value added

in U.S. ICT using industries, while it remained below six percent in the EU-4. At the industry

level, some of the differences that stood out in Table 2 can be seen in Table 3 as well. The

ICT share in ICT producing manufacturing industries, as well as the finance and trade sectors

is considerably higher in the U.S. than in the EU-4. In fact, with the exception of business

services, all industries have a higher ICT share in the U.S.  This even holds for industries such

as telecommunications where the growth of ICT capital services was higher in the EU-4.

Nevertheless there is a noticeable similarity in the cross section pattern of ICT shares in the

two regions as shown in Figure 2, which sorts industries according to U.S. ICT shares. With

the exception of oil refining, all industries that are near the top of the distribution in the U.S.,

are also near the top in the EU-4.

[Table 3 about here]

[Figure 2 about here]

When combining ICT capital deepening in industry groups from Table 2 with the shares

in Table 3 as in equation (10), one arrives at the contribution of ICT capital deepening in each

industry to aggregate labour productivity growth. The results are shown in Table 4. The first

row shows the contribution to aggregate labour productivity growth of ICT capital deepening

in all industries, reproduced from Table 1. Subsequent rows decompose the contributions

given in the first row by industry. So for example the entry 0.35 for ICT using industries in

the EU-4 for the 1995-2000 period indicates that ICT-capital deepening in the ICT-using

industries in the EU-4 contributed 0.35 percentage points to aggregate labour productivity

growth in this period. In contrast, ICT capital deepening in ICT producing industries only

contributed 0.07 percentage points.
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[Table 4 about here]

[Figure 3 about here]

This table makes clear that ICT using industries are responsible for the largest part of

the difference in the aggregate contribution of ICT capital to labour productivity growth

between the EU-4 and the United States (0.22 percentage points out of 0.33 percentage

points). It is also the industry group where the difference has grown most in the late 1990s

(0.15 percentage points). This table shows how only a few industries are responsible for the

acceleration. In the U.S., nearly half of the aggregate acceleration can be traced to financial

intermediation (0.17 percentage points out of 0.40). Together with wholesale trade and

business services, this rises to 0.27 percentage points. In the EU-4 these same industries are

also responsible for most of the acceleration, but in absolute terms both the contributions and

the accelerations are much smaller than in the United States. Outside the ICT using industries,

the contributions are much lower. In the case of ICT producing industries this is mostly

related to their smaller size. In non-ICT industries, however, it is clear that the low level of

ICT investment diminishes their contributions.  A ranking of the contributions from ICT

capital deepening for all industries for the 1995-2000 period in figure 3 shows similar

distributions in the U.S. and the EU-4 but also indicates the overwhelming impact of the

finance sector on the overall difference in contribution between both regions.

4. TFP growth

Although the differences in ICT investment are quite important for explaining the aggregate

labour productivity growth differential, TFP growth also has a substantial role to play as was

shown in Table 1. While aggregate TFP growth in the EU-4 increased only slightly after

1995, U.S. growth accelerated strongly. Which industries were responsible for this

acceleration? The contribution to aggregate labour productivity growth, and hence to

aggregate TFP growth, can be calculated as the growth of TFP in industry i weighted by the

share of industry i in aggregate value added. The results are given in Table 5 and should be

interpreted analogously to the results in Table 4. The first row shows the contribution to

aggregate labour productivity of TFP growth, from Table 1, aggregated over all industries

[Table 5 about here]

In contrast to the extent of ICT investment, the industry pattern of TFP performance is

much more heterogeneous. ICT producing industries make the largest contribution to TFP

growth in both the EU-4 and U.S. In the U.S. most of the contribution can be traced to ICT
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producing manufacturing while in the EU-4 communications services play a much more

important role. After 1995, ICT producing industries still make the largest contribution to

overall U.S. TFP growth, but the contribution of ICT using industries is almost as large. The

acceleration in the TFP contribution of ICT using industries in the U.S. is mostly related to

accelerations in three industries: wholesale trade, retail trade and financial intermediation.

The U.S. findings broadly confirm those of Jorgenson, Ho and Stiroh (2002) and Bosworth

and Triplett (2003) (see also Section 7).

In contrast, in the EU-4 none of these industries is an important contributor to aggregate

TFP growth. The only reason that aggregate TFP in the EU-4 is still on par with the U.S. is

due to the much higher contribution from TFP growth in non-ICT industries. During the

1995-2000 period it added 0.35 percentage points to aggregate labour productivity growth in

the EU-4, but it contributed negatively in the U.S. This mainly involved contributions from

transport and storage, non-market services and other non-ICT industries. In contrast, in the

U.S. the contributions from non-ICT sectors were small or even negative. These were largely

driven by the substantial negative values in non-market services. But there is a large question

mark regarding the reliability of output measurement in these sectors and it is unclear whether

these differences between the U.S and Europe are due to differences in output measurement

methodologies or reflect underlying differences in performance.10

[Figure 4 about here]

Figure 4 shows TFP contributions of all industries for the1995-2000 period for the EU-

4 and U.S. While Figures 2 and 3 showed considerable similarities, TFP performance is much

more heterogeneous. This is noticeable in industries such as telecommunications, transport

services and utilities, where EU-4 contributions are much higher than in the U.S., as well as

wholesale trade and retail trade, where the U.S. industries are near the top of the distribution.

5. Labour quality growth

Differences in labour quality growth are relatively unimportant in terms of explaining

the aggregate labour productivity growth differential between the EU-4 and the U.S.

However, the results at the industry level do point to some noticeable differences between the

two regions. The contribution to aggregate labour productivity growth can be calculated as

the growth of labour quality in industry i weighted by the share of labour compensation in

industry i in aggregate nominal value added. The results are given in Table 6 and should be

interpreted analogously to the results in Table 4 and 5.

[Table 6 about here]
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Table 6 shows that after 1995 the contribution of labour quality growth to aggregate

labour productivity growth slowed down in both the EU-4 and the U.S. Throughout the period

the EU-4 had a somewhat higher contribution, but the contributions were generally close.

This table shows that between 1979 and 1995, non-ICT manufacturing in the EU-4 shows

particularly large contributions. These are sectors that intensively use craft level skills, a

traditional area of focus of European upskilling. Together with the larger contribution from

non-market services, these larger contributions more than account for the aggregate

differential. After 1995 the differential in these industries between the EU-4 and U.S. mostly

disappeared, largely due to a large drop in labour quality contributions in non-ICT

manufacturing in the EU-4.

In the U.S. on the other hand, the labour quality contribution of finance and business

services was noticeably higher than in the EU-4. These industries intensively use university

graduates, which has long been an area of strength of the US skill acquisition system. In

business services, this position was reversed after 1995 with the EU-4 showing a larger

contribution.  In terms of labour quality contributions, in the period 1995 –2000 the EU-4

converged on the US in ICT producing and ICT using industries. Furthermore, the earlier lead

of the U.S. in these industries points to possible ICT-skill complementarities. However, the

issue of factor complementarities cannot be handled in a growth accounting framework and

needs factor demand analysis such as in Chun (2003) or O’Mahony, Robinson and Vecchi

(2003).

6. Non-ICT capital service growth

Differences in ICT capital deepening and TFP growth by industry appeared to be important in

explaining the aggregate labour productivity divergence between the EU-4 and the U.S. They

explain well why Europe is lagging behind the U.S. in the period 1995-2000, but they do not

provide an explanation why Europe’s labour productivity growth slowed down so much

compared to the previous period. As discussed in the previous section, this deceleration also

can only be marginally explained by trends in labour quality growth. Therefore we now turn

to investment trends in non-ICT assets. As Table 1 showed, EU-4 non-ICT capital deepening

decelerated sharply after 1995. Due to the relatively large share of non-ICT capital in total

capital this is a major factor in explaining the deceleration of labour productivity growth.

The contribution of non-ICT capital deepening in industry i to aggregate labour

productivity growth can be calculated as the growth of non-ICT capital per hour worked in

industry i weighted by the share of capital compensation in industry i in aggregate nominal

value added. The results are given in Table 7 and should be interpreted analogously to the
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results in previous tables. The first row shows the contribution to aggregate labour

productivity growth by non-ICT capital deepening in all industries. It corresponds to the row

“contribution from non-ICT capital deepening” in Table 1. Subsequent rows decompose the

contributions given in the first row by industry group.

[Table 7 about here]

The striking finding in Table 7 is that the deceleration in the EU-4 has been very

widespread as almost all industries show declines in non-ICT capital deepening contributions

after 1995.11 A number of industries stand out. First of all, manufacturing (ICT producing,

ICT using and non-ICT manufacturing) is responsible for around one-third of the aggregate

deceleration, which is much bigger than its share in GDP. More than a quarter of the

aggregate deceleration can be traced to business services where non-ICT capital per hour

worked was actually declining after 1995. Finally, mining makes up another 20 percent of the

deceleration. This industry showed a similar decline in contribution in the U.S.

[Figure 5 about here]

In focusing on the slowdown in non-ICT capital deepening in the EU-4 we should not

lose sight of the fact that before 1995, non-ICT capital deepening progressed at a much faster

pace than in the U.S. in almost all industries, except some ICT-using industries. After 1995

the contributions in the EU-4 and U.S., in particular from the non-ICT industries, are more

similar. This becomes especially clear in Figure 5, which ranks the contributions to aggregate

labour productivity from non-ICT capital deepening for the 1995-2000 period. While the

ranking of industries differs in some cases, contributions in many industries are remarkably

close.

One interpretation of the decline in contributions after 1995 is that the possibilities for

European catch-up were mostly exhausted by 1995 and that growth slowed down to a pace

more comparable to the productivity leader. To investigate this hypothesis, relative levels of

output and inputs would be required though.

Another explanation would be that movements in factor prices and substitution between

inputs play an important role. One indication that such mechanisms are at play is that the

strong deceleration in non-ICT capital deepening in the EU-4 in the late 1990s has coincided

with a sharp rise in employment (see for example van Ark, Inklaar, McGuckin and Timmer

2003a). In the standard neo-classical framework we have been employing in this paper,

movements in relative prices are the foremost candidates for explaining such a development.

In Table 8 we show the growth in nominal wages, rental rates and wage-rental ratios for non-
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ICT and ICT capital. Wage growth is defined as the growth in labour compensation per hour

worked, where both labour compensation and hours worked are summed across industries.

Hours worked are not adjusted for labour quality change, but the results are qualitatively

similar if labour quality change is taken into account. Rental prices are defined in equation (2)

in Section 2 and aggregate rental prices are calculated as industry weighted averages. The first

three rows give the annual average growth rates of nominal wages, non-ICT and ICT rental

prices. Row four and five indicate the development of wage-rental ratios for each capital

based on the previous rows. The last rows indicate trends in capital deepening underlying

Table 1.

[Table 8 about here]

The results of Table 8 are quite suggestive. As we have seen before, ICT capital per

hour worked has been rising rapidly throughout the 1979-2000 period. In both the EU-4 and

the U.S., the wage/ICT rental ratios increased as ICT rental prices decreased more rapidly

than wages. Furthermore, the acceleration in ICT capital deepening given in the last columns

of Table 8 can be traced to a more rapid decline in ICT rental rates as suggested by Jorgenson

(2001). Econometric work by Chun and Mun (2003) provides further support for this

hypothesis.

Similarly, developments in the wage/non-ICT rental ratio are mirrored in non-ICT

capital deepening. Most interestingly, the strong deceleration in the growth of wages relative

to non-ICT rental rates after 1995 in the EU-4, in contrast to the U.S., suggests that relative

factor price movements potentially play an important role in explaining the slowdown in non-

ICT capital deepening in the EU-4. Inklaar, O’Mahony and Timmer (2003) present some first

regression analyses supporting this hypothesis. But further analysis on the basis of factor

demand models is needed.

7. Comparisons with other industry studies
Industry level growth-accounting decompositions of aggregate labour productivity

trends are still few. The main ones include Jorgenson, et al. (2002) and Bosworth and Triplett

(2003) for the U.S., and Basu, Fernald, Oulton and Srinivasan (2003), which compare U.S.

with the U.K. The findings for the U.S. in this paper are broadly consistent with the findings

of the other studies. However, estimates sometimes differ greatly at the detailed industry

level, for example about the relative importance of the TFP growth acceleration in ICT-goods

manufacturing versus ICT-using industries. In Bosworth and Triplett (2003, Table 6) the

contribution of services to TFP growth acceleration is much bigger than in Jorgenson, et al.
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(2002, Figure 26). And while Jorgenson et al. (2002) show an acceleration in TFP growth in

retail trade and a deceleration in wholesale trade, Bosworth and Triplett (2003) find an

acceleration in both. Our estimates, and those of Basu, Fernald, Oulton and Srinivasan (2003),

are much closer to those of Bosworth and Triplett (2003) than to Jorgenson, et al. (2002).

The different findings are due to many differences both in data sources and

methodology. We mention three important ones. First, our analysis is based on value added

measures and therefore does not take into account the role of intermediate inputs as the U.S.

studies do. This will affect TFP growth estimates, but much less so measures of TFP

acceleration or deceleration, which are the main focus here. Second, the capital concept of

Jorgenson, et al. (2002) is broader than in the other studies by including inventories, land and

consumer durables. Third, the data used in this study is benchmarked on industry accounts

from the BEA NIPA for output, labour input and investment flows. Bosworth and Triplett

(2003) use a hybrid database by combining BEA industry accounts with capital service flows

from the BLS.12 Basu, Fernald, Oulton and Srinivasan (2003) use a similar database as

Bosworth and Triplett (2003).13 Jorgenson, et al. (2002) on the other hand combine BLS

inter-industry accounts with investment flows from the BEA and they benchmark labour input

on BEA NIPA hours. BLS and BEA datasets show important differences in some industries,

even for relatively simple measures such as gross output and value added at current prices.

Bosworth and Triplett (2003) provide a discussion of these differences and their possible

origins but they conclude that many questions still remain.

For the U.K. Basu et al. (2003) use implicit measures of value added at constant prices

using double-deflation. Double-deflation is not used consistently throughout the U.K. national

accounts. Since we base our estimates of value added at constant prices on the U.K. national

accounts, differences at the industry level can be substantial. Another difference between the

two datasets comes from the estimates for aggregate software investment. Both estimates

scale up software from the national accounts as this is widely regarded as an underestimate,

since it is not consistent with survey based evidence. But the adjustment in this paper is

smaller. As a result, our estimates of the share of ICT capital in value added come out lower

than the estimates of Basu et al.. Whereas both this paper and Basu et al. (2003)  find TFP

acceleration in finance and wholesale trade, this paper also finds a small increase in other ICT

using sectors. Further research is needed to reconcile these findings, especially concerning the

differences between single and double deflated value added.

8. Concluding remarks
This paper began by raising the question why U.S. productivity growth accelerated after

1995, while growth in four major EU countries (France, Germany, Netherlands and U.K.)
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decelerated. Much of the growth accounting literature in recent years has been dominated by

trends in the U.S. and so has focused largely on the impact of ICT on output growth. This new

technology focus has also dominated the analysis of productivity growth for other industrial

countries. But by doing so there is a danger that research ignores the possibility that the

stylised facts on output and productivity growth in other nations may be different from those

in the U.S. Indeed, as was shown in earlier work that focused on aggregate trends, the sources

of U.S. acceleration and EU slowdown are very different (see Timmer, Ypma and van Ark,

2003). In this paper we have sharpened this picture by analysing productivity growth at the

industry-level. It appears that aggregate trends conceal much heterogeneity among the

industries.

To understand the U.S. acceleration it is important to focus on services industries that

use ICT intensively. These industries, mainly trade and finance, are responsible for most of

the acceleration in ICT capital deepening and TFP growth alike. Together with faster

technical progress in ICT producing industries, they explain most of the acceleration in U.S.

labour productivity growth after 1995.

In contrast, in the EU-4 the contributions from ICT capital deepening and TFP growth

are much lower than in the U.S. It is true that the same industries as in the U.S. make the

largest contribution to ICT capital deepening, but the absolute contributions are much lower

due to lower levels of ICT capital stocks. Furthermore, these intensive ICT users have not

generated faster TFP growth. EU-4 TFP growth remained mostly confined to industries that

produce ICT goods and services. This raises interesting questions on the extent to which these

EU countries are merely lagging the U.S., given the latter country’s faster adoption of ICT, or

whether there are institutional constraints that prevent EU countries from realising the full

benefits from ICT.

However, this paper has shown that ICT is not the dominant explanation of the

slowdown in labour productivity growth, at least in the four large EU countries studied. To

explain the slowdown in the European countries we need to look at non-ICT capital

deepening, whose contribution slowed down in most of the EU-4 industries, with the largest

declines occurring in manufacturing, business services and mining. One likely candidate for

explaining such a development is slower (nominal) wage growth in the EU-4 as this may well

have induced a substitution of labour for non-ICT capital. This finding suggests that more

research using models that relate input substitution to factor prices is worthy of further study.

This will need to be placed in the context of post-war catch up and overtaking of European

countries relative to the U.S. in levels of capital per hour worked and any complementarities

between capital and stocks of skilled labour.

There are also other important analytical issues that cannot be easily understood in a

simple growth accounting framework. These include possible spillovers of ICT to TFP
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growth, complementarities between ICT and skills and the importance of investment in

intangibles such as organizational capital.14 So far the evidence available on these issues has

focused almost solely on the U.S. However, the dataset used in this paper and the stylised

facts that were presented should allow more and better research into these issues.
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Table 1, Sources of labour productivity growth in the EU-4 and the United States, 1979-2000

EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU
Labour productivity 2.30 1.21 -1.09 2.02 2.46 0.43 -0.27 1.25 1.52
Contribution of

Labour quality 0.31 0.28 -0.03 0.22 0.22 -0.01 -0.09 -0.07 0.02
Reallocation of hours 0.02 -0.15 -0.16 -0.04 -0.09 -0.05 -0.06 0.05 0.11
ICT capital deepening 0.33 0.46 0.12 0.53 0.86 0.33 0.19 0.40 0.21
Non-ICT capital deepening 0.70 0.35 -0.35 0.25 0.43 0.18 -0.45 0.08 0.53
TFP growth 0.94 0.26 -0.67 1.07 1.05 -0.02 0.13 0.79 0.66

Notes: EU-4 includes France, Germany, Netherlands and U.K., which makes up 70% of EU-15 GDP
Labour productivity growth is defined as the growth in real value added per hour worked. Labour quality takes account of changes
in the skill composition of the workforce. Reallocation of hours reflects shifts in employment to or from high productivity industries.
Capital deepening is the change in capital services per hour worked (see Section 2).
Source: see Section 2 and Inklaar, O'Mahony and Timmer (2003), Appendix A.

1979-1995 1995-2000 Change 1995-2000 over 1979-1995
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Table 2, Industry contributions to aggregate ICT capital deepening, EU-4 and U.S.

EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU
Total economy 13.92 14.65 0.73 16.08 16.57 0.49 2.16 1.92 -0.24

ICT producing industries 1.70 2.06 0.36 2.03 2.04 0.01 0.33 -0.01 -0.35

Electrical and electronic equipment & instruments 0.60 1.26 0.66 0.56 1.06 0.50 -0.04 -0.20 -0.16
Communications 1.10 0.80 -0.30 1.47 0.99 -0.49 0.37 0.18 -0.19

ICT using industries 8.75 9.06 0.31 10.69 10.99 0.30 1.94 1.93 -0.01

ICT using manufacturing 0.71 0.80 0.09 0.83 0.63 -0.20 0.12 -0.17 -0.29
Wholesale trade 1.07 2.42 1.35 2.24 2.50 0.26 1.16 0.08 -1.09
Retail trade 0.55 1.32 0.77 0.83 0.97 0.14 0.28 -0.35 -0.63
Financial intermediation 3.29 3.24 -0.05 3.07 5.26 2.19 -0.22 2.02 2.23
Business services 3.13 1.28 -1.85 3.73 1.64 -2.09 0.59 0.36 -0.24

Non-ICT industries 3.47 3.53 0.06 3.36 3.54 0.17 -0.11 0.00 0.11

Agriculture, forestry and fishing 0.02 0.04 0.02 0.03 0.05 0.01 0.01 0.01 0.00
Mining and quarrying 0.16 0.38 0.22 0.05 0.08 0.03 -0.11 -0.30 -0.19
Non-ICT manufacturing 1.73 1.16 -0.57 1.19 1.02 -0.18 -0.54 -0.14 0.39
Transport & storage 0.12 0.17 0.04 0.35 0.35 0.01 0.23 0.19 -0.04
Social and personal services 0.27 0.37 0.10 0.38 0.62 0.24 0.11 0.26 0.14
Non-market services 0.49 0.77 0.28 0.50 0.85 0.35 0.01 0.08 0.07
Other non-ICT 0.68 0.64 -0.03 0.85 0.56 -0.29 0.18 -0.08 -0.26

Note: An industry's contribution is calculated as industry ICT capital deepening weighted by the share of the industry's ICT capital compensation in aggregate
 ICT capital compensation. ICT using manufacturing includes paper, printing & publishing, machinery and furniture and miscellaneous manufacturing.
 Non-ICT manufacturing includes food, textiles, wood, petroleum, chemicals, rubber & plastics, non-metallic mineral, metal products and transport equipment.
 Other non-ICT includes utilities, construction and hotels & restaurants.
Source: see Section 2 and Inklaar, O'Mahony and Timmer (2003), Appendix A.

1979-1995 1995-2000 Change 1995-2000 over 1979-1995
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Table 3, Share of ICT capital compensation in value added, EU-4 and U.S.

EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU
Total economy 2.49 3.37 0.87 3.28 5.22 1.93 11.46 23.66 12.20

ICT producing industries 6.18 13.21 7.03 8.40 15.59 7.19 3.61 4.04 0.43

Electrical and electronic equipment & instruments 2.75 6.55 3.80 3.54 9.02 5.48 0.78 2.46 1.68
Communications 10.30 22.21 11.90 13.13 23.79 10.66 2.83 1.58 -1.25

ICT using industries 4.61 4.95 0.34 5.75 7.64 1.89 6.42 11.97 5.55

ICT using manufacturing 1.72 3.06 1.34 2.70 4.07 1.37 0.97 1.01 0.04
Wholesale trade 2.49 5.51 3.02 5.28 9.53 4.25 2.79 4.02 1.23
Retail trade 2.10 2.79 0.69 3.91 3.96 0.05 1.81 1.16 -0.65
Financial intermediation 7.77 9.79 2.02 10.23 15.20 4.97 2.46 5.41 2.95
Business services 7.46 3.87 -3.58 5.85 4.25 -1.60 -1.61 0.37 1.98

Non-ICT industries 0.99 1.34 0.35 1.20 2.26 1.06 1.43 7.65 6.22

Agriculture, forestry and fishing 0.14 0.30 0.16 0.33 0.82 0.49 0.18 0.51 0.33
Mining and quarrying 0.88 1.37 0.50 0.89 1.87 0.97 0.02 0.49 0.48
Non-ICT manufacturing 1.57 1.75 0.17 1.85 3.03 1.18 0.27 1.28 1.01
Transport & storage 0.56 1.40 0.84 1.47 3.27 1.81 0.90 1.87 0.97
Social and personal services 2.24 4.90 2.66 1.74 7.05 5.30 -0.50 2.15 2.64
Non-market services 0.49 0.75 0.26 0.57 1.25 0.67 0.09 0.50 0.42
Other non-ICT 0.94 1.35 0.40 1.40 2.19 0.79 0.46 0.84 0.38

Note: The share of ICT capital in value added is calculated as the sum of capital compensation for computers, telecommunication equipment and software,
 divided by the industry's value added. ICT using manufacturing includes paper, printing & publishing, machinery and furniture and miscellaneous manufacturing.
 Non-ICT manufacturing includes food, textiles, wood, petroleum, chemicals, rubber & plastics, non-metallic mineral, metal products and transport equipment.
 Other non-ICT includes utilities, construction and hotels & restaurants.
Source: see Section 2 and Inklaar, O'Mahony and Timmer (2003), Appendix A.

1979-1995 1995-2000 Change 1995-2000 over 1979-1995
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Table 4, Contributions to aggregate labour productivity growth of industry ICT capital deepening, EU-4 and U.S.

EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU
Total economy 0.33 0.46 0.12 0.53 0.86 0.33 0.19 0.40 0.21

ICT producing industries 0.04 0.06 0.02 0.07 0.11 0.04 0.03 0.04 0.02

Electrical and electronic equipment & instruments 0.01 0.04 0.02 0.02 0.05 0.04 0.00 0.02 0.01
Communications 0.03 0.02 0.00 0.05 0.05 0.00 0.02 0.03 0.01

ICT using industries 0.21 0.28 0.07 0.35 0.57 0.22 0.14 0.29 0.15

ICT using manufacturing 0.02 0.02 0.01 0.03 0.03 0.01 0.01 0.01 0.00
Wholesale trade 0.03 0.08 0.05 0.07 0.13 0.06 0.05 0.05 0.01
Retail trade 0.01 0.04 0.03 0.03 0.05 0.02 0.01 0.01 0.00
Financial intermediation 0.08 0.11 0.03 0.10 0.27 0.17 0.02 0.17 0.15
Business services 0.07 0.04 -0.03 0.12 0.09 -0.04 0.05 0.05 0.00

Non-ICT industries 0.08 0.11 0.03 0.11 0.18 0.07 0.03 0.07 0.04

Agriculture, forestry and fishing 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mining and quarrying 0.00 0.01 0.01 0.00 0.00 0.00 0.00 -0.01 0.00
Non-ICT manufacturing 0.04 0.04 0.00 0.04 0.05 0.01 0.00 0.01 0.02
Transport & storage 0.00 0.01 0.00 0.01 0.02 0.01 0.01 0.01 0.00
Social and personal services 0.01 0.01 0.01 0.01 0.03 0.02 0.01 0.02 0.01
Non-market services 0.01 0.03 0.01 0.02 0.04 0.03 0.00 0.02 0.01
Other non-ICT 0.02 0.02 0.00 0.03 0.03 0.00 0.01 0.01 0.00

Note: An industry's contribution is calculated as industry ICT capital deepening weighted by the share of the industry's ICT capital compensation in aggregate
 value added. ICT using manufacturing includes paper, printing & publishing, machinery and furniture and miscellaneous manufacturing. Non-ICT manufacturing
 includes food, textiles, wood, petroleum, chemicals, rubber & plastics, non-metallic mineral, metal products and transport equipment. Other non-ICT includes utilities,
 construction and hotels & restaurants.
Source: see Section 2 and Inklaar, O'Mahony and Timmer (2003), Appendix A.

1979-1995 1995-2000 Change 1995-2000 over 1979-1995
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Table 5, Industry contributions to aggregate total factor productivity growth, EU-4 and U.S.

EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU
Total economy 0.94 0.26 -0.67 1.07 1.05 -0.02 0.13 0.79 0.66

ICT producing industries 0.30 0.35 0.06 0.53 0.71 0.18 0.24 0.36 0.12

Electrical and electronic equipment & instruments 0.21 0.36 0.15 0.27 0.63 0.35 0.07 0.27 0.20
Communications 0.09 -0.01 -0.10 0.26 0.08 -0.18 0.17 0.09 -0.08

ICT using industries 0.17 -0.15 -0.31 0.19 0.68 0.50 0.02 0.83 0.81

ICT using manufacturing 0.03 -0.07 -0.11 0.03 -0.01 -0.05 0.00 0.06 0.06
Wholesale trade 0.11 0.04 -0.07 0.08 0.35 0.27 -0.02 0.31 0.34
Retail trade 0.06 0.10 0.05 0.03 0.39 0.36 -0.03 0.28 0.31
Financial intermediation 0.00 -0.19 -0.19 0.06 0.08 0.02 0.06 0.27 0.22
Business services -0.03 -0.02 0.01 -0.02 -0.12 -0.11 0.01 -0.10 -0.11

Non-ICT industries 0.48 0.06 -0.42 0.35 -0.34 -0.69 -0.13 -0.40 -0.27

Agriculture, forestry and fishing 0.09 0.13 0.04 0.06 0.16 0.10 -0.03 0.03 0.06
Mining and quarrying -0.01 0.00 0.01 0.01 -0.02 -0.04 0.02 -0.02 -0.05
Non-ICT manufacturing 0.21 0.17 -0.04 0.08 -0.07 -0.15 -0.14 -0.25 -0.11
Transport & storage 0.09 0.05 -0.04 0.13 0.05 -0.08 0.04 0.00 -0.04
Social and personal services -0.02 0.00 0.02 -0.02 -0.11 -0.09 0.01 -0.10 -0.11
Non-market services 0.07 -0.24 -0.31 0.07 -0.30 -0.37 0.00 -0.06 -0.06
Other non-ICT 0.04 -0.05 -0.09 0.02 -0.05 -0.07 -0.03 0.00 0.03

Note: An industry's contribution is calculated as industry TFP growth weighted by the industry's share in aggregate value added.  ICT using manufacturing includes
 paper, printing & publishing, machinery and furniture and miscellaneous manufacturing. Non-ICT manufacturing includes food, textiles, wood, petroleum, chemicals,
 rubber & plastics, non-metallic mineral, metal products and transport equipment. Other non-ICT includes utilities, construction and hotels & restaurants.
Source: see Section 2 and Inklaar, O'Mahony and Timmer (2003), Appendix A.

1979-1995 1995-2000 Change 1995-2000 over 1979-1995
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Table 6, Contributions to aggregate labour productivity growth of industry labour quality growth, EU-4 and U.S.

EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU
Total economy 0.31 0.28 -0.03 0.22 0.22 -0.01 -0.09 -0.07 0.02

ICT producing industries 0.03 0.04 0.01 0.02 0.01 -0.01 -0.01 -0.02 -0.02

Electrical and electronic equipment & instruments 0.02 0.03 0.01 0.01 0.01 0.00 -0.01 -0.02 -0.01
Communications 0.01 0.01 0.00 0.01 0.01 -0.01 0.01 0.00 -0.01

ICT using industries 0.07 0.10 0.03 0.08 0.07 -0.01 0.01 -0.03 -0.04

ICT using manufacturing 0.02 0.02 -0.01 0.01 0.01 0.00 -0.01 -0.01 0.01
Wholesale trade 0.01 0.02 0.00 0.01 0.01 0.00 0.00 0.00 0.00
Retail trade 0.01 0.01 0.00 0.01 0.01 0.00 -0.01 0.00 0.00
Financial intermediation 0.01 0.03 0.02 0.01 0.01 0.00 0.00 -0.01 -0.02
Business services 0.01 0.03 0.02 0.04 0.03 -0.01 0.02 0.00 -0.03

Non-ICT industries 0.21 0.14 -0.07 0.12 0.13 0.01 -0.09 -0.01 0.08

Agriculture, forestry and fishing 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Mining and quarrying 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Non-ICT manufacturing 0.07 0.04 -0.03 0.03 0.02 -0.01 -0.04 -0.02 0.02
Transport & storage 0.02 0.01 -0.01 0.00 0.01 0.01 -0.02 0.00 0.02
Social and personal services 0.01 0.02 0.01 0.01 0.01 0.00 0.00 -0.01 -0.01
Non-market services 0.08 0.06 -0.02 0.06 0.08 0.01 -0.01 0.02 0.03
Other non-ICT 0.03 0.01 -0.02 0.01 0.01 0.00 -0.01 0.00 0.02

Note: An industry's contribution is calculated as industry labour quality growth weighted by the share of the industry's labour compensation in aggregate value added. 
 ICT using manufacturing includes paper, printing & publishing, machinery and furniture and miscellaneous manufacturing. Non-ICT manufacturing includes food,
 textiles, wood, petroleum, chemicals, rubber & plastics, non-metallic mineral, metal products and transport equipment. Other non-ICT includes utilities, construction
 and hotels & restaurants.
Source: see Section 2 and Inklaar, O'Mahony and Timmer (2003), Appendix A.

1979-1995 1995-2000 Change 1995-2000 over 1979-1995
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Table 7, Contributions to aggregate labour productivity growth of industry non-ICT capital deepening, EU-4 and U.S.

EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU
Total economy 0.70 0.35 -0.35 0.25 0.43 0.18 -0.45 0.08 0.53

ICT producing industries 0.08 0.05 -0.02 0.03 0.06 0.04 -0.05 0.01 0.06

Electrical and electronic equipment & instruments 0.04 0.04 0.00 0.01 0.04 0.03 -0.03 0.01 0.04
Communications 0.04 0.02 -0.02 0.02 0.02 0.00 -0.02 0.00 0.02

ICT using industries 0.18 0.12 -0.05 -0.03 0.10 0.13 -0.20 -0.02 0.18

ICT using manufacturing 0.05 0.01 -0.04 0.02 0.01 -0.01 -0.03 0.00 0.03
Wholesale trade 0.02 0.04 0.02 0.01 0.03 0.02 -0.02 -0.01 0.01
Retail trade 0.02 0.04 0.02 0.01 0.04 0.03 -0.01 0.00 0.01
Financial intermediation 0.03 0.08 0.05 0.00 0.08 0.08 -0.03 0.01 0.03
Business services 0.05 -0.04 -0.10 -0.07 -0.06 0.01 -0.12 -0.02 0.10

Non-ICT industries 0.44 0.17 -0.27 0.25 0.26 0.02 -0.20 0.09 0.29

Agriculture, forestry and fishing 0.03 0.00 -0.04 0.03 0.02 0.00 -0.01 0.03 0.03
Mining and quarrying 0.13 0.10 -0.03 0.04 0.02 -0.01 -0.09 -0.07 0.02
Non-ICT manufacturing 0.14 0.06 -0.08 0.06 0.08 0.02 -0.08 0.02 0.10
Transport & storage 0.01 -0.02 -0.03 0.00 0.01 0.01 -0.01 0.03 0.04
Social and personal services 0.02 0.01 -0.02 -0.01 0.02 0.03 -0.04 0.01 0.05
Non-market services 0.04 0.03 -0.01 0.03 0.04 0.01 0.00 0.01 0.02
Other non-ICT 0.07 0.01 -0.06 0.10 0.07 -0.03 0.03 0.06 0.03

Notes: An industry's contribution is calculated as industry non-ICT capital deepening weighted by the industry’s share of non-ICT capital compensation in aggregate
 value added. ICT using manufacturing includes paper, printing & publishing, machinery and furniture and miscellaneous manufacturing. Non-ICT manufacturing
 includes food, textiles, wood, petroleum, chemicals, rubber & plastics, non-metallic mineral, metal products and transport equipment. Other non-ICT includes
 utilities, construction and hotels & restaurants
Source: see Section 2 and Inklaar, O'Mahony and Timmer (2003), Appendix A.

1979-1995 1995-2000 Change 1995-2000 over 1979-1995
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Table 8, Growth in aggregate wage and rental ratios and in non-ICT and ICT capital per hour worked, EU-4 and U.S.

EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU EU-4 U.S. U.S.-EU
Nominal wage growth 5.97 5.06 -0.90 2.91 3.97 1.06 -3.05 -1.09 1.96
Non-ICT rental rate growth 4.09 3.79 -0.30 2.39 2.51 0.12 -1.70 -1.28 0.42
ICT rental rate growth -6.21 -5.16 1.04 -12.46 -10.10 2.36 -6.25 -4.94 1.32

Wage/non-ICT rental rate 1.88 1.27 -0.61 0.53 1.46 0.94 -1.35 0.19 1.54
Wage/ICT rental rate 12.18 10.23 -1.95 15.37 14.07 -1.30 3.20 3.84 0.65

Non-ICT capital deepening 2.59 1.46 -1.14 0.88 1.79 0.91 -1.71 0.33 2.04
ICT capital deepening 13.92 14.65 0.73 16.08 16.57 0.49 2.16 1.92 -0.24
Source: see Section 2 and Inklaar, O'Mahony and Timmer (2003), Appendix A.

1979-1995 1995-2000 Change 1995-2000 over 1979-1995
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Figure 1, Sources of labour productivity growth in Europe and the United States, 1979-2000
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Source: see Section 2 and Inklaar, O'Mahony and Timmer (2003), Appendix A.
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Figure 2, Share of ICT capital in value added, 
EU-4 and U.S., 1995-2000
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Source: see Section 2 and Inklaar, O'Mahony and Timmer (2003), Appendix A.
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Figure 3, Contributions to aggregate labour productivity growth of industry ICT-capital deepening, 
EU-4 and U.S., 1995-2000
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Source: see Section 2 and Inklaar, O'Mahony and Timmer (2003), Appendix A.
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Figure 4, Contributions to aggregate labour productivity growth of industry TFP growth, 
EU-4 and U.S., 1995-2000
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Figure 5, Contributions to aggregate labour productivity growth of non-ICT capital deepening, 
EU-4 and U.S., 1995-2000
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Table A.1 Industries in the growth-accounting database

                                                
1 The latter point is stressed especially by Gordon (2000). Bosworth and Triplett (2003) and Jorgenson,

Ho and Stiroh (2002) show that this “backing out” of IT-production TFP from aggregate TFP can be

highly misleading as it generates only a net measure of TFP growth outside IT-production. Industry-

level studies show that TFP growth rates outside IT-goods manufacturing have also been high.

However, high growth in some industries was cancelled out by low or negative TFP growth in many

other industries, see section 5.
2 For the most recent version of the 60-industry database as well as detailed descriptions of sources and

methods, see www.ggdc.net.
3 Labour compensation includes wages and salaries as well as supplements such as social security

payments. Labour compensation of self-employed is imputed. Based on evidence for the U.S. from

Jorgenson et al. (2002), we put the average wages of self-employed at 70 percent of employee wages.

See Inklaar et al. (2003), Appendix A for more details.
4 In the case of the Netherlands, there is currently no data on investment in communication equipment

by industry, so ICT assets only include computers and software.

Number Industry ISIC rev3 code ICT classification
1 Agriculture, forestry and fishing 01-05 N
2 Mining and quarrying 10-14 N
3 Food products 15-16 N
4 Textiles, clothing and leather 17-19 N
5 Wood products 20 N
6 Paper, printing and publishing 21-22 U
7 Petroleum and coal products 23 N
8 Chemical products 24 N
9 Rubber and plastics 25 N
10 Non-metalic mineral products 26 N
11 Metal products 27-28 N
12 Machinery 29 U
13 Electrical and electronic equipment & instruments 30-33 P
14 Transport equipment 34-35 N
15 Furniture and miscellaneous manufacturing 36-37 U
16 Electricity, gas and water 40-41 N
17 Construction 45 N
18 Wholesale trade 50-51 U
19 Retail trade 52 U
20 Hotels and restaurants 55 N
21 Transport & storage 60-63 N
22 Communications 64 P
23 Financial intermediation 65-67 U
24 Business services 71-74 U
25 Social and personal services 90-99 N
26 Non-market services 75-85 N

Notes: P: ICT producing industries, U: ICT using industries, N: Non-ICT industries
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5 We focus on investment in fixed reproducible assets as distinguished in the System of National

Accounts (1993), and hence do not include land, inventories and consumer durables as capital as in

Jorgenson et al. (2002).
6 In the case of industry deflators, the general inflation level is measured as the deflator of all industries

except the ICT producing manufacturing industries. For investment deflators, the inflation level is

defined as the price change of non-ICT investment goods.
7 In this database we do not allow for a separate role for intermediate inputs, as the required

input/output tables to do so are not yet available for all countries. This means our TFP measure is based

on value added instead of gross output.
8 For a more extensive description of methodology, see Inklaar, O’Mahony and Timmer (2003).
9 See Inklaar et al. (2003) for a description of the construction of these PPPs.
10 See Bosworth and Triplett (2003) for a discussion.
11 The only exception is in the other non-ICT industries group, with most of this acceleration stemming

from utilities.
12 In contrast to the other studies, they do not correct labour input for hours worked, nor for quality

changes.
13 Except for labour input where they use estimates of hours worked by industry from the BLS instead

of persons engaged in production from the BEA.
14 See for example Stiroh (2002a) and O’Mahony and Vecchi (2003) for some evidence on the

possibility of ICT spillovers, Chun (2003) and O’Mahony, Robinson and Vecchi (2003) for evidence

on ICT-skill complementarities, Brynjolfsson and Hitt (2000) for the importance of organizational

capital and Basu, Fernald, Oulton and Srinivasan (2003) for a discussion of complementary capital and

consequences for lagged TFP responses.


