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The impact of digitalisation on labour
productivity growth

The evolution of labour productivity is a key determinant of economic growth and prosperity.
Over the past few decades, productivity growth in many industrial countries has been low in spite
of the rapid diffusion of digital technologies, which is generally credited with having the poten-
tial to sustainably increase labour productivity. The question therefore arises as to what extent
digitalisation actually leads to productivity gains.

Digital transformation can influence labour productivity through various channels. A frequently
studied transmission channel focuses on investment in digital goods. Another transmission chan-
nel, which has received less attention to date, is that of digital intermediate inputs, which feed
into numerous goods via production linkages. A multi-sector model shows that this channel plays
an important role, and that the contribution of digital transformation to labour productivity
growth is greatly underestimated if digital intermediate inputs are excluded. In addition, the
analysis finds that efficiency gains in the digital sectors — measured in terms of the evolution of
total factor productivity — are of key importance. Without these gains, labour productivity growth
would have been significantly lower in several of the larger euro area countries, with productiv-
ity even stagnating, in some cases.

Nevertheless, it should be noted that the efficiency gains resulting from digital transformation
have tended to decline over time. It remains to be seen whether the notable increase in the use
and diffusion of digital technologies during the coronavirus pandemic marks a turning point in
this regard. Surveys of firms, at least, arrive at a rather optimistic assessment of the situation.
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Question of the
macroeconomic
importance of

digitalisation ...

... against a
backdrop of
declining prod-
uctivity growth
in the industrial
countries

B Motivation

Similarly to the advent of electrification at the
beginning of the 20th century, digitalisation
can be regarded as the driving force behind a
fundamental economic structural change.
Digital transformation processes, such as the
increasing automation of production processes
and the growing use of robots and digital plat-
forms, can trigger significant changes at the
firm and industry levels. However, the actual
macroeconomic impact of digitalisation is still
being studied intensively (for more on this, see
the box on pp. 481). A key issue is the import-
ance of digital transformation for labour prod-
uctivity growth.’

Given the increasing diffusion of digital tech-
nologies, it may seem surprising that labour
productivity growth has been declining for
some time now in many advanced economies,
including the large euro area economies. On
the one hand, there are a number of structural
factors, such as demographic change and insti-
tutional and regulatory barriers, that may be
hindering the potential efficiency gains of
digital transformation.? Furthermore, there is
evidence of measurement problems that could
potentially lead to an underestimation of the
productivity gains resulting from digitalisation.3
On the other hand, however, there is also a
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group of “techno-pessimists”, who regard
digital technologies as being less transforma-
tive than generally assumed. In their opinion,
digital technologies do not have the same po-
tential to cause major leaps in productivity as
previous waves of innovation, triggered, for ex-
ample, by the development of the steam en-
gine or electrification.* They also see signs that
the development of digital innovations is be-
coming increasingly costly and therefore ever
more difficult to achieve.> Additionally, in their
view, it should be borne in mind that innov-
ations do not enhance productivity until they
are implemented. If new technologies — such
as artificial intelligence or quantum comput-
ing — are not widely used, their productivity-
enhancing potential will only be able to unfold
to a limited extent.® Indeed, there are indica-
tions of a widening productivity gap between
highly productive and less productive firms.
This is also interpreted as a sign of weakening
technology diffusion.”

This article studies the importance of the pro-
duction and use of digital goods for the evolu-
tion of aggregate labour productivity in the
four largest euro area countries compared with
the situation in the United States. To this end,
structural macroeconomic models depicting
key transmission channels are used. In particu-
lar, production networks are modelled, as the
impact of digitalisation on productivity can also
arise from input-output linkages. First of all,
however, the challenge of adequately captur-
ing digitalisation must be addressed.

1 Labour productivity is defined as the ratio of production
to labour input. Labour productivity trends can provide in-
sights into economies’ growth potential. Owing to its close
link to per capita income, labour productivity is often also
interpreted as a measure of prosperity. See also Deutsche
Bundesbank (2021a).

2 See Deutsche Bundesbank (2021a).

3 See, inter alia, Byrne et al. (2017a, 2017b).

4 See, inter alia, Gordon (2016).

5 See Brynjolfsson et al. (2019) and Bloom et al. (2020).

6 See Brynjolfsson et al. (2019) and OECD (2020a).

7 See, inter alia, Berlingieri et al. (2020) and Deutsche
Bundesbank (2021a).
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Measurement and develop-
ment of digitalisation

To quantify the macroeconomic effects of
digital transformation, a delineation of digitali-
sation is needed. However, there is no clear-cut
definition of digital transformation. Interpreted
narrowly, digitalisation is the collection, storage
and processing of information.® Broader defin-
itions describe digitalisation as a range of new
applications of information and communica-
tion technology (ICT) in business models and
products.® Various indicators are therefore used
to measure an economy’s degree of digitalisa-
tion. In addition to findings on the diffusion
and application of digital technologies among
households, firms and the public sector, these
indicators comprise investment expenditure on
digital goods as well as output and efficiency
gains in those sectors that predominantly pro-
vide digital goods and services. Although they
do not necessarily produce a consistent picture,
they do provide initial indications of the macro-
economic importance of digitalisation. Further-
more, a closer inspection of these indicators re-
veals key aspects that need to be taken into ac-
count when interpreting model-based ana-
lyses. This concerns, for example, measurement
problems, which can limit the informative value
of cross-sectional comparisons between coun-
tries.

Indicators on the diffusion
and application of digital
technologies

The European Commission uses the Digital
Economy and Society Index (DESI) to capture
the diffusion and use of digital technologies in
the EU Member States.™ This indicator, which
is largely based on survey data, consists of four
equally weighted components that assess the
spread of digitalisation in terms of infrastruc-
ture (“connectivity”), the corporate sector (“in-
tegration of digital technology”), public admin-
istration (“digital public services”) and the pub-
lic’s digital skills (“human capital”).™ As a result
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of conceptual revisions, the current version of
the DESI is only available for the years 2017 to
2022.12

According to the DESI, the use of digital tech-
nologies in the EU has been increasing in re-
cent years. This is particularly evident in the
case of digital public services and connectivity.
A comparison across countries produces a
mixed picture, however. A clear discrepancy
can be seen between the frontrunners, such as
Finland, Denmark and the Netherlands, and
countries with the lowest indicator values, such
as Greece, Bulgaria and Romania.” While there
has also been marked progress in the past few
years among the countries that are lagging be-
hind, the divide between them and the EU
countries with the highest indicator values has
widened.

The four largest euro area countries are hover-
ing around the EU average, with Spain most re-
cently performing the best and Italy the worst.
In all four countries, at times considerable pro-
gress has been made over time." Particularly in
the COVID-19 years, marked improvements
were seen. The increase in the use of mobile

8 See, inter alia, Byrne (2022).

9 See, inter alia, International Monetary Fund (2018).

10 The indicator was developed in the context of the
Digital Single Market Strategy. See European Commission
(2015).

11 The “connectivity” component refers to the coverage of
fixed and mobile broadband connections in an EU Member
State and the corresponding prices. The use of digital solu-
tions in the corporate sector — such as social media, elec-
tronic communication and accounting systems, artificial in-
telligence, cloud services and big data analytics — form part
of the “integration of digital technology” component. The
“digital public services” component captures the extent to
which the services of public administrations are provided in
a digital format. The “human capital” component incorpor-
ates the number of university graduates in ICT as well as
ICT training measures. For a detailed description of the
DESI, see European Commission (2022a).

12 The indicator largely uses data from the previous year.
The main reference period for the DESI 2022 is therefore
2021.

13 See also European Commission (2022b).

14 Compared with the DESI 2017, the difference between
the average of the three EU countries with the lowest indi-
cator values and that of the three with the highest indica-
tor values rose by 30% according to the DESI 2022.

15 During this period, the indicator rose by approximately
50% in Spain, by almost 60% in Germany and France and
by as much as around 75% in Italy.
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internet and the integration of digital technolo-
gies by small and medium-sized enterprises
was especially striking.

The International Digital Economy and Society
Index (I-DESI), also published by the European
Commission, makes it possible to assess the
progress of digitalisation in the EU in a global
context.’® The latest published results show
that the United States is well ahead of the EU
in this respect. There are also indications that
digitalisation in the United States is progressing
more dynamically compared with the EU.

Investment expenditure on
digital goods

Another approach to capturing digitalisation
looks at investment expenditure in the area of
ICT as recorded in the national accounts.’” ICT
investment is considered to be a key transmis-
sion channel through which digitalisation can
have a productivity-enhancing effect. This is
achieved, on the one hand, by equipping more
workplaces with ICT capital.'® Moreover, the
quality of the capital stock may improve. In this
context, a number of studies stress the import-
ance of capital-embodied technological pro-
gress that is only unleashed by investment.'®

In the EU, ICT investment expenditure increased
markedly in relation to total gross fixed capital
formation between 1999 and 2020. However,
this masks diverging developments. The share
of investment in software and databases in-
creased significantly, whilst investment in tele-
communications equipment and computer
hardware decreased markedly relative to total
investment. In terms of individual countries, the
picture is indeed mixed. While the share of ICT
investment in gross fixed capital formation in
France, Italy and Spain increased significantly in
some cases between 1999 and 2020, it fell
markedly in Germany. The relative importance
of the individual categories of fixed ICT assets
also differs between the four largest euro area
countries. Investment in software and data-

16 The I-DESI, which is only partially comparable to the
DESI due to methodological differences, covers the EU27
Member States, the EU as a whole and the United States,
inter alia. See also Foley et al. (2020). The I-DESI addition-
ally contains the component “internet use by the general
public”, which also comprises the use of social media, on-
line banking and video calling. Furthermore, the weighting
of the main components differs between the two indica-
tors. The I-DESI was last published in 2020 and is based on
data up to 2018. For information on the methodology used
for the DESI and the I-DESI, see European Commission
(2020a, 2020b, 2022a).

17 Here, ICT investment comprises telecommunications
equipment and computer hardware as well as software
and databases.

18 See also Deutsche Bundesbank (2002).

19 See, inter alia, Solow (1960), Greenwood et al. (1997),
Hercowitz (1998), Cooper et al.(1999) and Greenwood and
Jovanovic (2001).
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bases accounts for a much larger share of gross
fixed capital formation in France, Italy and
Spain than in Germany.2°

In the United States, too, software and data-
bases account for the bulk of ICT investment.
Similarly to the development in the EU, their
share in gross fixed capital formation increased
significantly between 1999 and 2020, while
the share of telecommunications equipment,
computers and hardware decreased. The share
of ICT investment as a whole increased slightly
over the period under review.

When looking at the share of ICT investment, it
should be noted that there are specific price
trends behind expenditure developments.
These can differ considerably across categories
of fixed assets. According to the official figures,
the quality-adjusted price of ICT products in the
United States halved between 1999 and 2020,
while the deflator of total gross fixed capital
formation increased by almost one-third. This
implies that ICT investment grew by around 7%
per year in real terms. By contrast, price-
adjusted gross fixed capital formation as a
whole rose by an average of around 2% per
year. Qualitatively comparable developments
are also evident for the EU, where real ICT in-
vestment rose by an average of 4% per year
compared with an average growth rate of 1%

for price-adjusted gross fixed capital formation
as a whole.

In these comparisons, it should also be noted
that the national accounts metrics are fraught
with a number of measurement problems,
which hinder comparisons between countries.
Digital goods are classified differently in some
cases. Moreover, a meaningful cross-country
comparison is made more difficult by the fact
that statistical methods for measuring ICT in-
vestment are not fully harmonised. This is all
the more important as the quantification of ICT
investment poses particular challenges. For ex-
ample, technical progress is often expressed in
the form of quality improvements. In the case
of ICT goods, however, these are, in some
cases, insufficiently recorded in official statistics
— as shown by a number of studies.?" Finally,
for several years now the recorded statistics for
investment, particularly in intellectual property
(which includes software and databases) have,
in some countries, been greatly distorted by

20 The low share of investment in software and databases
in Germany shown by official statistics is striking. It is not
clear why it is so small.

21 See, inter alia, Byrne et al. (2016) and Byrne et al.
(2017a, 2017b).
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A comparison of online and offline prices in Germany

In the course of increasing digitalisation,
trade via online stores and digital market-
places has been growing more important,
which can potentially affect price-setting
behaviour. Everyday experience and aca-
demic studies show that the prices of many
goods undergo only infrequent adjust-
ments.” However, the rate of change of
those prices that are adjusted is typically
high when compared with the average in-
flation rate.

Against this background, the question
arises as to whether increasing digitalisation
has affected price setting, and if so, how. It
is conceivable that online prices might ad-
just more frequently but less sharply owing
to a lower cost of changing prices and
greater transparency.?

This analysis is based on microdata which
enter the German Consumer Price Index
(CPI) and have been recently made available
for research purposes.® The dataset com-
prises around 14.5 million price spells for
the years 2015 to 2019. A distinction is
made between eight outlet types, including
internet trade.# There are online and offline
markets for some 290 product groups, such
as women's sports shoes. These product

1 See, for example, Dhyne et al. (2006) and Gautier et
al. (2022).

2 For an overview of studies on differences in price set-
ting between offline and online markets, see, for ex-
ample, European Central Bank (2021). Cavallo (2017)
finds no major differences in pricing behaviours by
marketplace among multi-channel traders, while
Gorodnichenko et al. (2018) report that online retailers
change prices more frequently.

3 These findings are based on Bundesbank work
within the ESCB research network “Price-setting Micro-
data Analysis Network” (PRISMA). See, inter alia,
Strasser et al. (2023).

4 See Sandhop (2012).
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Shares in gross
value added
of the digital
sectors

groups make up approximately 16% of the
consumer basket covered by the German
CPI, mainly industrial goods, but also some
processed food products such as frozen
food and alcoholic beverages.> The price
changes are calculated at the individual
product level in a given store and subse-
quently aggregated.®

In fact, the data show that, overall, online
prices are changed more frequently than
offline prices (17% per month on average,
compared with 11%), especially for indus-
trial goods. By contrast, prices of processed
food products are changed somewhat
more frequently offline. Price changes due
to sales are one reason for this. If sales are
excluded, the prices of industrial goods are
still adjusted more frequently online, and
the frequency of processed food price ad-
justments becomes more similar between
online and offline markets.

the strategic activities of multinational enter-
prises.??

Production of digital goods

Evidence for the macroeconomic importance
of digitalisation can also be found on the sup-
ply side of the national accounts. One standard
indicator is the gross value added share of the
digital sectors.?®> These economic sectors are
characterised by a high concentration of digital
goods producers.?* However, their definition is
generally not particularly clear-cut.?> In add-
ition, the industry composition may differ be-
tween countries. This, too, limits the informa-
tive value of comparative analyses.26 When
studying shares of value added, it should also
be noted that these do not fully capture the
economic significance of the digital sectors. For
example, the output of digital goods producers
feeds into a wide range of goods and services
via intermediate products.

Deutsche Bundesbank

Concerning the direction of price changes
(share of price increases or decreases), there
are no clear differences between online and
offline products. Only in the “processed
food” category is the share of price in-
creases higher for online trade. With regard
to the size of price changes, as expected,
they turn out to be, on average, smaller in
online stores than in offline stores — for
both directions.

Overall, more frequent but smaller price
changes are consistent with lower menu
costs for online markets. As online trade
gains a greater share of the market in the
wake of increasing digitalisation, this could
result in a higher degree of price flexibility.

5 The “processed food” category includes online shops
as well as home delivery services for frozen food.
6 See Gautier et al. (2022).

In the EU, digital sectors accounted for around
7% of total gross value added in 2020. Their
share was thus roughly as high as 20 years earl-
ier. In Germany, the share of value added in the
digital sectors was, in some cases, significantly
higher than in the other three largest euro area
countries. It also increased slightly in Germany

22 Level shifts and jumps in macroeconomic time series
due to relocation of intellectual property rights — for ex-
ample, licences — are likely to affect small economies in
particular. Difficulties in conducting economic analyses can
also arise for larger economic regions, however. See also
Deutsche Bundesbank (2018).

23 See, inter alia, International Monetary Fund (2018),
European Central Bank (2020a) and OECD (2020b).

24 In the following analyses, the digital sectors comprise
the economic sectors “Manufacture of computer, elec-
tronic and optical products” (NACE division C26), “Manu-
facture of electrical equipment” (NACE division C27) and
“Information and communication” (NACE section J). See
also Anderton et al. (2020) and European Central Bank
(2021).

25 Fintech activities, for example, are not explicitly men-
tioned in the classification of economic sectors still used
today (NACE Rev. 2), and statistical registers assign the ma-
jority of fintech firms to the IT sector. See also von Kalck-
reuth and Wilson (2020).

26 See also European Central Bank (2021).
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between 1999 and 2020, whilst declining, at
times distinctly, in France, Italy and Spain.

In contrast to the EU as a whole, the value
added share of digital sectors in the United
States increased markedly between 1999 and
2020. This is all the more remarkable given that
producer prices for digital goods fell by around
40% in this period. Real gross value added
growth in the digital sectors was correspond-
ingly strong. While total gross value added rose
by an average of 2% per year in price-adjusted
terms, this figure was 7% for the digital sec-
tors.

Measures of efficiency

The indicators presented above provide initial
insights into the evolution and extent of digital-
isation. However, the metrics do not deliver
any direct conclusions on the implications of
digital transformation for developments in ag-
gregate labour productivity. These ultimately
result from efficiency gains that are made pos-
sible by digitalisation.?” Such efficiency gains
cannot be observed directly. However, there
are ways to measure them indirectly. Indicators
for this include, for example, the relative price
of investment in ICT and total factor productiv-
ity (TFP) in the digital sectors.

The relative price of ICT investment is often
measured by the ratio between the price index
for ICT capital goods and that for consumer
goods. A declining relative price is interpreted
as an indicator of investment-specific techno-
logical progress, based on the idea that tech-
nological progress on the supply side leads to a
decline in output prices. The development of
prices for computer hardware is a fairly illustra-
tive example of this. Relative to the consump-
tion deflator, the price index for computer
hardware, which also takes into account im-
provements in quality, fell around 190-fold in
the United States between 1980 and 2021. A
falling relative price stimulates demand for cap-
ital goods and thus enables technological pro-
gress to exert its productivity-enhancing effect
via investment.

In the four largest euro area countries, the rela-
tive price of ICT investment has fallen, in some
cases sharply, in recent decades.?® This is par-
ticularly evident in Germany. By contrast, the
decline in relative prices of ICT investment in
France, Italy and Spain was considerably
weaker. Nevertheless, in most of these coun-

27 Cost savings play a key role here. See Goldfarb and
Tucker (2019).

28 ICT investment comprises telecommunications equip-
ment and computer hardware as well as software and
databases.
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tries, this decline was, for the most part, still
significantly more pronounced than for the rest
of gross fixed capital formation (excluding con-
struction investment).2° Accordingly, investment-
specific technological progress in the field of
ICT would have been quite pronounced in the
countries under review, especially in Germany.

However, the differences between countries
should also be interpreted with caution here,
as the measurement of prices for ICT goods
poses particular challenges and is not fully har-
monised.3® This should also be taken into ac-
count when comparing the relative price trend
of ICT investment with that of the United
States, where relative prices fell particularly
sharply.

These restrictions aside, however, a noticeable
flattening in the relative price decline of ICT
capital goods can be identified in all countries
under review in recent years. This suggests a
slowdown in investment-specific technological
progress in ICT goods across these countries.

The evolution of TFP captures the part of out-
put growth that cannot be explained by a
change in labour or capital input. TFP thus rep-
resents a key indicator for the efficiency of pro-
duction processes.3' However, it cannot be ob-
served directly; rather, it must be estimated (see
also the box on pp. 52ff.).32 This can be done
at the firm or industry level as well as for the
entire economy.

Such estimates show that TFP growth in the
digital sectors of the four largest euro area
Member States has tended to flatten out over
time.33 Compared with the first five years after
the establishment of the euro area, average
TFP growth in the digital sectors was 3 per-
centage points lower in Germany and France
and 4 percentage points lower in Italy between
2014 and 2018.34 Only in Spain did TFP growth
pick up slightly during this period, by 1 per-
centage point. In the United States, TFP growth
has recently gained momentum, but has not
come close to the strong rates seen at the start

Deutsche Bundesbank
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of the 2000s. Nevertheless, on average, TFP
growth was still considerably larger in the

29 With the exception of Spain, the relative price of invest-
ment in construction even increased between 1999 and
2019 in the group of countries under consideration, indi-
cating efficiency losses in this area. See also Abdel-Wahab
and Vogel (2011) and Sveikauskas et al. (2016).

30 See, inter alia, Federal Statistical Office (2018).

31 See also Deutsche Bundesbank (2021a).

32 These TFP estimates are based on data from the EU
KLEMS database (https://euklems-intanprod-llee.luiss.it/).
The estimation period covers the years 1997 to 2017 (ltaly),
1997 to 2018 (Germany, France, Spain) and 1998 to 2018
(United States).

33 The noticeably weak dynamics in Italy from 2010 on-
wards can be attributed to developments in its telecommu-
nications sector (for more on this, see the box on pp. 52 ff.).
34 The figure for Italy relates to the period 2013 to 2017,
as no data are available for 2018.

Monthly Report
March 2023
51


https://euklems-intanprod-llee.luiss.it

Deutsche Bundesbank

Monthly Report
March 2023
52

Total factor productivity growth in digital sectors

Total factor productivity (TFP) is a key meas-
ure of the efficiency of production pro-
cesses and a main driver of labour product-
ivity. This box focuses on the evolution of
TFP in the “digital sectors”, i.e. industries
that produce digital goods and services.
Specifically, it looks at four sectors: the in-
dustry for computer, electronic and optical
products as well as electronic equipment;
the sector for the production and distribu-
tion of media products (publishing activ-
ities; motion picture, video and television
programme production, sound recording
and music publishing activities; program-
ming and broadcasting activities); the tele-
communications sector; and, finally, the
sector covering computer programming,
consultancy and related activities as well as
information service activities."

A standard approach is to measure TFP
growth by decomposing the growth rate of
gross value added into the contributions of
the primary production factors, labour and
capital, as well as a residual component.?
The latter, also known as the Solow residual,
is interpreted as a measure of TFP growth.
To obtain the most precise estimate of TFP
possible, a two-step approach is used which
extends the standard procedure by add-
itionally controlling for the degree of utilisa-
tion of the factors of production.?

In a first step, the Solow residual (As;) is
calculated in sector 7 in year ¢ as the differ-
ence between the growth rate of price-
adjusted gross value added (Ay,) and the
annual growth rates of capital input (Ak;,)
and labour input (Al;,) weighted by the re-
spective production elasticities:#

Asiyy = Ay — (1 — ) Ak — o Al

In a second step, the Solow residuals of sev-
eral economic sectors are regressed on the

change in the average degree of capacity
utilisation (Aw,) and a sector-specific indi-
cator variable (¢;):®

Asiy = ¢ + AU + €4y,

where ¢, is an error term. The estimations
include data for 23 economic sectors in the
four major euro area Member States and
the United States for the years 1997 to
2018.¢ The sectoral data are taken from the

1 A proper alignment of efficiency changes with digi-
talisation trends requires a suitable classification of
digital activities. Where such activities are innovative,
the respective classification systems are naturally out-
dated. There is next to no explicit mention of fintech
activities, for example, in the classification of economic
sectors still used today (NACE Rev. 2 —2008), and stat-
istical registers classify the majority of fintech firms as
IT firms. For Germany, see von Kalckreuth and Wilson
(2020).

2 See Solow (1957).

3 If capacity utilisation is neglected, factor inputs and
thus the TFP series may be recorded inaccurately. See
Basu et al. (2006), Comin et al. (2020) and Deutsche
Bundesbank (2021a).

4 The decomposition is based on a Cobb-Douglas pro-
duction function with constant returns to scale. As-
suming perfect competition on the factor and product
markets, cost minimisation by firms implies that the
factors of production are remunerated according to
their marginal products. Labour elasticity (o) can
therefore be determined by the ratio of the wage bill
to gross value added, while the elasticity of capital is
equal to 1-«y. See Hulten (2010) and Deutsche
Bundesbank (2012, 2021a).

5 See Basu et al. (2006), Comin et al. (2020) and
Deutsche Bundesbank (2021a).

6 The model is estimated separately as a panel for
each country and three sub-sectors. The latter com-
prise non-durable manufacturing (NACE divisions C10-
C12, C13-C15, C16-C18, C20-C21 and C22-C23 and
sections D and E), durable manufacturing (NACE div-
isions C24-C25, C26-C27, €28, C29-C30, C31-C33)
and other economic sectors (NACE sections F, G, H, |,
J, K, M, N and R-S); see Deutsche Bundesbank (2021a).
In order to consider the digital sectors separately,
NACE divisions J58-J60, J61 and J62-]63 are entered
individually. Due to a lack of data, utilisation data for
J62-J63 are used for divisions J58-J60 and J61 in Ger-
many. The series for Italy end in 2017. Based on EU
KLEMS data, TFP growth rates for the United States
can only be obtained from 1998 onwards. In addition,
for the United States, no data are available for NACE
divisions J61 and C21, and sectors D and E are entered
as one sector (D-E).
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EU KLEMS database.” Data on capacity util-
isation are derived from the European Com-
mission’s business surveys.®

As capacity utilisation itself can also react to
TFP, an instrumental variables method is
used to estimate the panel models. Eco-
nomic variables which correlate with cap-
acity utilisation but not with TFP serve as in-
strumental variables. These are an oil price
shock, an international financial market
shock and a macroeconomic uncertainty
shock series.® Utilisation-adjusted TFP growth
of an economic sector is then computed as
the difference between the Solow residual

7 The data are available at https://euklems-intanprod-
llee.luiss.it

8 The utilisation data are available for manufacturing
from 1985 onwards and for services sectors from mid-
2011 onwards (Italy from mid-2010); see European
Commission (2020c¢). For the years prior to 2011 (for
[taly prior to 2010), the capacity measures for the ser-
vices sectors are extended backwards by using the
growth rate of average capacity utilisation in the
manufacturing sector; see Comin et al. (2020). For the
United States, average hours worked are used as an in-
dicator of the degree of utilisation; see Basu et al.
(2006).

9 The oil price shock is based on movements in the
Brent oil price; see Basu et al. (2006). The uncertainty
shocks stem from macroeconomic models; see Jurado
et al. (2015) and Meinen and Rohe (2017). The finan-
cial market shock is based on the indicator introduced
by Gilchrist and Zakrajsek (2012) for the non-
predictable component of risk premia on US corporate
bonds. Statistical tests certify that the instruments are
sufficiently correlated with the change in capacity util-
isation.
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and the impact of changes in capacity util-
isation:10

At/f\pit = Asy — BAUm

The estimates show important similarities
for the four largest euro area Member
States, but also significant differences. The
greatest efficiency gains occurred in tele-
communications. On an average over the
period from 1997 to 2018, TFP rose by
around 2% per year in Italy and by 4% in
Spain, 5% in France and as much as 6% in
Germany." The low average growth rate in
Italy can be explained in part by the signifi-
cant decline in TFP in the wake of the Euro-
pean sovereign debt crisis. TFP growth in
the manufacture of electronic and optical
products is similar to that recorded for tele-
communications in the case of Germany
and France. In Spain and lItaly, however,
growth was considerably weaker. Italy, in
particular, saw hardly any efficiency gains in
this sector. There are also marked differ-
ences between the euro area Member
States under review in the area of informa-
tion service activities, which includes soft-
ware development, programming and data
processing, amongst other things. Only in
Germany have there been noticeable effi-
ciency gains since 2007. In Spain, TFP in this
sector decreased at the end of the observa-
tion period following initial increases. In the
economic sector focused on the production
and distribution of media products, effi-
ciency is estimated to have remained
broadly unchanged in Germany and France,
while in Spain and lItaly it even declined
markedly.

In the United States, TFP developments
were broadly similar in the sectors under re-
view, although the country recorded greater
progress overall.’? This applies in particular
to the manufacture of electronic and op-
tical products, which saw exceptionally
strong TFP growth of almost 10% per year.
Remarkably, there were also significant

productivity gains in the United States in
the print, film and audio media sector.

Combining the various digital areas yields a
clear grading. Whereas efficiency gains in
the United States are very large, Germany
posts somewhat smaller growth. Growth in
France comes in slightly further behind,
while TFP advances in digital sectors are sig-
nificantly weaker in Italy and Spain. How-
ever, this cross-country analysis is subject to
the caveat that measurement problems
may restrict the comparability of TFP series
(see also pp. 49 ff.).

10 Capacity utilisation is only taken into account if /3 is
significant at the 90% level.

11 The data for Italy cover the years 1997 to 2017. The
relatively fierce competition between service providers
is a potential driver of TFP growth in the telecommuni-
cations sector. However, the government’s influence in
this area can still be pronounced. See Federal Statistical
Office (2018).

12 Due to the lack of data, no conclusions can be
drawn for the telecommunications sector (J61). This is
the result of differences in the classification of eco-
nomic sectors. There is no exact equivalent for NACE
division J60 in the NAICS classification used in the
United States. There are also slight differences for
NACE division J60.
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digital sectors of the group of countries under
review than in the other sectors of the econ-
omy. This is consistent with the picture ob-
tained when looking at relative prices.

Digitalisation and labour
productivity

The various indicators considered here suggest,
in part, a rapid pace of digitalisation. This is
particularly true of the two presented measures
of efficiency, although their development has,
in some cases, weakened over time. The impli-
cations of this for the course of macroeco-
nomic labour productivity can be examined
using structural macroeconomic models. Trad-
itional approaches focus mainly on the role of
investments;3> meanwhile, the importance of
digital intermediate inputs is neglected. Recent
studies suggest, however, that production link-
ages play a key role in the diffusion of tech-
nologies.3¢

Traditional analytical
approaches

Dynamic stochastic general equilibrium (DSGE)
models are one tool that can be used to grasp
the macroeconomic role of investment-specific

technological progress.3?” Amongst other
things, they make it possible to assess the con-
tribution of this progress to trend growth in la-
bour productivity.3® A neoclassical baseline
model3® which takes into account various types
of capital, including ICT capital, serves as the
basis for this. Besides the evolution of TFP,
investment-specific technological progress as-
sociated with the respective capital types is a
key driver of the model.#°

The total contribution of investment-specific
technological progress to labour productivity
growth is equal to the weighted sum of the
technological progress associated with each of

35 See, inter alia, Byrne et al. (2013), Cette et al. (2015)
and European Central Bank (2021).

36 See, inter alia, Foerster et al. (2022) and vom Lehn and
Winberry (2022).

37 See, inter alia, Justiniano et al. (2011), Schmitt-Grohé
and Uribe (2011) and Diaz and Franjo (2016).

38 See, inter alia, Greenwood et al. (1997), Bakhshi and
Larsen (2005) and Rodriguez-Lépez and Torres (2012).

39 A detailed description of this model framework can be
found in Acemoglu (2009).

40 One particular feature of the model specification
chosen here is the assumption of time-varying production
elasticities. The calculation follows the approach in Eden
and Gaggl (2018). In the above DSGE approach, exogen-
ous stochastic shocks are implemented to capture the
time-varying production elasticities. For more information,
see Young (2004), Rios-Rull and Santaeulalia-Llopis (2010)
and Lansing (2015).
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its growth
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tions. * Contributions of capital-embodied technical progress in
ICT to average annual productivity growth per total number of
hours worked derived from a DSGE model. The ICT capital
stock comprises investment capital in the areas of computer
equipment, communications equipment, and software and
databases.
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the respective types of capital.#' Investment-
specific technological progress can be approxi-
mated on the basis of the relative price path of
the relevant categories of capital goods.#?
However, its importance for productivity growth
is also determined by the relative weight of the
corresponding type of capital in the production
process.43

According to this approach, the contributions
of investment-specific technological progress in
ICT to aggregate productivity growth in the
four largest euro area countries has been lower
in recent years than before the global financial
and economic crisis. A similar picture emerges
for the United States. This development is
largely being driven by the flattening of the
relative price paths of ICT investment. With re-
gard to the size of growth contributions, note
that the relative weight of ICT capital was com-
paratively small.#4 By this yardstick, the growth
contributions of ICT-specific technological pro-
gress to aggregate labour productivity are quite

high.4> For example, in France and the United
States, they were around 12 times higher in the
period from 2013 to 2018 than the average
contributions of technological progress associ-
ated with non-ICT investment (excluding con-
struction). In Germany and Spain, the contribu-
tions of ICT-specific technological change were
at least as high as the contributions made by
technological progress in non-ICT investment.
According to the model decomposition, the
positive impulse from ICT in Italy was even
counteracted by a negative contribution to la-
bour productivity growth from non-ICT invest-
ment between 2013 and 2018.

Consideration of input-output
linkages

However, digital products are entered into pro-
duction processes not only as capital goods but
also as intermediate inputs. This transmission
channel is rarely taken into account in conven-
tional macroeconomic models. Yet digital
goods, in particular, are used to a large extent
as an intermediate input. The multi-sector dy-
namic stochastic general equilibrium (DSGE)
model MuSe developed at the Bundesbank
captures sectoral production linkages and thus
enables the analysis of their macroeconomic

41 It is assumed here that the exogenous investment-
specific technological progress can be described by a sto-
chastic trend. See Schmitt-Grohé and Uribe (2011).

42 The model analysis assumes that there is an inverse re-
lationship between relative price paths and investment-
specific technological progress. See also Schmitt-Grohé and
Uribe (2011).

43 Assuming a Cobb-Douglas production function with
constant returns to scale, the weight is given by the ratio of
the respective capital income to total labour income.

44 Average ICT capital income shares range between 2%
(Germany, ltaly, Spain) and 5% (United States) over the
total reference period. By contrast, capital income shares
for non-ICT assets vary from 9% (Spain) to 13% (Germany).
45 Several simplifying assumptions need to be made in
model-based growth accounting. These include, in add-
ition to the basic principles of the standard neoclassical
model, the assumption of a closed economy and of labour
being a homogeneous factor of production. The model fur-
thermore presumes the existence of a direct inverse rela-
tionship between investment-specific technological pro-
gress and the relative price of the respective investment
goods.

Little attention
paid to the role
of input-output
linkages thus far
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implications.#¢ In the model, sectoral output is
used not only for consumption or investment
purposes but also as an intermediate input in
various sectors of the economy.#’ It is assumed
that different intermediate inputs can only be
substituted to a limited extent. Furthermore,
the intermediate input bundle can vary among
the economic sectors. The model specification
used here covers 19 economic sectors and was
specified for each of the four largest euro area
economies as well as the United States.*8:49

In this model framework, digital transformation
is triggered by TFP growth in digital sectors. An
increase in TFP lowers marginal costs, as pro-
duction can now take place with smaller factor
inputs.>® The prices of digital goods fall as a re-
sult. This, in turn, stimulates demand for these
goods, both for consumption and investment
purposes and as an intermediate input. As far
as is possible, products from non-digital sectors
are replaced by the comparatively cheaper
digital goods. However, demand for other
goods also increases due to complementarities.
The growth in production in non-digital sectors
calls for increased use of factors of production,
which, when viewed in isolation, drives up fac-
tor payments, marginal costs and prices.

46 MuSe is a variant of the environmental multi-sector
DSGE model EMuSe that does not include an environmen-
tal module. A detailed description can be found in Hinter-
lang et al. (2021, 2022, 2023).

47 The MuSe model is therefore an extension of prototyp-
ical models. In the latter, production is usually used only for
consumption or investment purposes, as capital and labour
are the only factors of production. See, inter alia, Chris-
tiano et al. (2018).

48 The model bundles NACE divisions C26-C27 (manufac-
ture of computer, electronic and optical products and elec-
trical equipment) and NACE section J (information and
communication) into one sector. NACE divisions C10-C12,
C13-C15, C16-C18, C20-C21, C22-C23, C24-C25, C28,
C29-C30, €31-C33 as well as sections D-E, F, G, H, I, K, M,
N, R-S are also depicted as separate economic sectors. For
a detailed description of the NACE classification, see Euro-
stat (2008).

49 External trade links are excluded for the purposes of
simplification. The production structure of the countries
under review is modelled using country-specific datasets
from the World Input-Output Database (WIOD). For more
information on the WIOD, see Timmer et al. (2015).

50 The transmission channel of TFP growth in digital sec-
tors described here is transferable to the other sectors de-
picted in the model.
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Assessing the
role of digitali-
sation using a
counterfactual
analysis

Overall accurate
description of
the actual path
of labour
productivity

Predominantly
large contribu-
tion of digital
sectors to
labour product-
ivity growth ...

In order to quantify the contribution of digital-
isation to labour productivity, sectoral TFP
paths, which were estimated separately (see
also the box on pp. 52 ff.), are fed into the MuSe
model. Specifically, two scenarios are com-
pared here. In the reference scenario, the TFP
paths for all sectors are considered.' In the
counterfactual scenario, by contrast, it is as-
sumed that TFP in digital sectors is constant
and remains at its initial level. The differences
between the two scenarios can then be used
to assess the contribution to labour productiv-
ity growth made by digital sectors.

The MuSe model quite accurately reproduces
the actual path of labour productivity in the
countries under review, with the exception of
Spain.>2 This is also noteworthy given that la-
bour productivity developments in this group
of countries vary widely in some cases. Labour
productivity in the United States rose consider-
ably more strongly than in the euro area coun-
tries under review. Within this group, there was
a marked difference between Germany and
France, on the one hand, and Italy and Spain,
on the other.

If the changes in TFP in digital sectors are fac-
tored out of the simulation, the picture changes
significantly. Labour productivity growth would
be considerably weaker. For the United States,
around seven-tenths of productivity growth
would be lost, despite digital sectors account-
ing for a relatively small share of aggregate
gross value added. The loss would be substan-
tial in Germany and France, too, at roughly
one-half and four-tenths respectively. Accord-
ing to this calculation, aggregate labour prod-
uctivity in Italy would have stagnated. By con-
trast, differences compared with the reference
scenario do not appear until the end of the
simulation period for Spain. In accordance with
this, there would have been only comparatively
weak macroeconomic impetus coming from
digital sectors in Spain in the years prior to
2012. Overall, the simulation results show the
key importance of TFP growth in digital sectors
for the developments of labour productivity. In

line with this, less dynamic TFP growth in digital
sectors — amid continuously weak impetus
stemming from the other economic sectors —
would have significant consequences.

In order to show the specific importance of
input-output linkages for the transmission of
digitalisation, a further scenario assumes that
digital goods are used exclusively for consump-
tion or investment purposes and not as inter-
mediate inputs.>® The simulation results sug-
gest that digital intermediate inputs play a key
role in aggregate productivity growth, since
productivity gains were mostly significantly
lower when digital intermediate inputs were
excluded.>* This is particularly evident for the
United States, Germany and France. However,
this transmission channel was also important in
ltaly. In Spain, on the other hand, relatively
weak TFP growth in digital sectors also implies
that the importance of digital intermediate in-
puts for labour productivity growth was lower.

For simplicity, this analysis looked at a closed
economy. Digital goods are in fact also ex-
ported and imported.>> However, it should be
emphasised that the model incorporates the
actual country-specific TFP paths, which also
reflect external developments. A number of
studies show that TFP progress is markedly in-

51 The simulation results are driven exclusively by the inter-
play between TFP paths in the individual sectors.

52 In Spain, labour productivity increased considerably as a
result of the disproportionately large reduction in labour
input in the wake of the global financial and economic cri-
sis and the subsequent sovereign debt crisis. However, this
dramatic development is not triggered by TFP adjusted for
capacity utilisation and cannot therefore be inferred from
the model. See also Deutsche Bundesbank (2021a).

53 To this end, digital goods are excluded from the inter-
mediate input bundles of all sectors.

54 For a more detailed discussion of the prominent role of
input-output linkages, see, inter alia, Foerster et al. (2022)
and vom Lehn and Winberry (2022).

55 According to WIOD data for 2014, the share of im-
ported digital intermediate inputs in total intermediate in-
puts was recently around 3% in Germany, 2% in France
and ltaly and 1% in Spain and the United States. The share
of imported digital consumer goods stood at around 1% in
all countries under review. The share of imported digital
capital goods in total gross fixed capital formation was
close to 7% for Germany, while this share was 5% for
Spain, 4% for the United States and 3% for France and
Italy.

.. with input-
output linkages
representing an
important trans-
mission channel

Role of
international
linkages
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Italy. The digital sector comprises NACE divisions C26-C27 (manufacture of computer, electronic and optical products and electronic
equipment) and NACE section J (information and communication). NACE sections C (excluding divisions C26-C27 and C19), D-E, F, G,
H, I, K, M, N, R-S are also covered. 1 Depicts labour productivity developments based on the sectoral TPF paths and a model version
with 19 sectors. 2 Aggregate hourly labour productivity of the 19 sectors the reference analysis is based on.
Deutsche Bundesbank
fluenced by international research and develop-  tors, productivity growth in the largest euro
ment, especially in open economies.>¢ Foreign  area countries would have been considerably
direct investment and imports of intermediate  lower or productivity would have even stag-
goods can also have an impact on a country’s  nated. The same applies to the United States.
TFP growth.>? Here, too, labour productivity developments
are driven largely by TFP growth in digital sec-
tors.
# Summary and outlook
Nonetheless, it becomes apparent that the effi- ... but
important role Digitalisation affects aggregate labour product-  ciency gains resulting from digitalisation have %@Zﬁ?ﬁgm
ﬁvft:rlzgj//ate ivity developments in a variety of ways. Stand-  tended to decline over time. Whether a turning digitalisation
; . . . . P over time
inputs ... ard analytical approaches typically focus on the  point will be reached in view of recent develop-

importance of digital capital goods. By con-
trast, the role of digital intermediate inputs is
often neglected. Analyses using a macroeco-
nomic multi-sector model show the key im-
portance of digital intermediate inputs. If sec-
toral interlinkages are neglected, production
growth resulting from digitalisation is often sig-
nificantly underestimated. Furthermore, it can
be seen that efficiency gains in digital sectors
have a decisive impact on labour productivity
developments. Without progress in digital sec-

ments is a matter of dispute.>® The European
Commission’s indicators on the application and
diffusion of digital technologies indicate a sig-
nificant increase during the coronavirus pan-
demic. This suggests that changes in the frame-
work conditions can have significant incentive

56 See, inter alia, Coe and Helpman (1995) and Coe et al.
(2009).

57 See, inter alia, Borensztein et al. (1998) and Acharya
and Keller (2009).

58 See, inter alia, van Ark et al. (2021).
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effects. It is not yet possible to gauge the ex-

tent to which this leads to measurable effi- 59 In an ECB survey, more than 35% of the surveyed enter-

) . . . prises reported that they expected an acceleration of digit-
ciency gains. However, surveys of firms arrive at  isation in their enterprise in the long term as a result of the

a rather optimistic assessment of the situ- coronavirus pandemic; see European Central Bank (2020b).
Survey results suggest a digitalisation boost in Germany, es-

ation.>® pecially for large enterprises; see Deutsche Bundesbank
(2022). The majority of German enterprises surveyed are
also hoping for productivity gains from the increased use of
remote working; see Deutsche Bundesbank (2021b).
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