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1890 to 2012 in advanced countries

This Rue de la Banque provides an overview of productivity growth
and levels for 13 advanced countries during the period 1890-2012.
Two productivity waves are highlighted, a big one following the second
industrial revolution and a small one following the ICT revolution.
The productivity convergence process has been erratic, hampered
by inappropriate institutions, technology shocks, financial crises and
wars; the latter led to major productivity level adjustments, downwards
for countries experiencing war on their soil, and partly upwards for
other countries. Productivity trend breaks are also detected following
major policy changes, such as structural reforms, for instance in the
Netherlands during the 1980s and in Australia, Canada and Sweden
during the 1990s. The downward trend break observed as early as the
mid-2000s in the United States leads to question the future contribution
of the ICT revolution to productivity enhancement.

standards and determines the supply capacity of

an economy (and hence the risk that demand
exceeds this capacity and generates inflation); for these
reasons it has always been given a great deal of attention
in economic literature and by central banks. Two main
aspects have been discussed in this literature: the
factors of productivity growth and the country productivity
convergence processes.

P roductivity is one of the main factors affecting living

Technological progress appears to be the main engine for
productivity growth, with its actual impact depending on
numerous aspects. For the country at the technological
frontier, i.e. the productivity leader, it depends on
technological improvements and on institutions (including
the quality of the State and property rights protection),
these two aspects being interdependent (for a complete
overview, see Aghion and Howitt, 1998, 2009, or Crafts
and O’Rourke, 201.3). Concerning followers (i.e. countries
behind the technological frontier), the productivity growth
process seems to be easier, as copying innovations is

cheaper than innovating. However, copying innovation also
requires appropriate institutions. As a consequence, due
to inadequate institutions, the productivity convergence
process of followers toward the leader(s) is often halted,
if not reversed.

The aim of this study is to analyse empirically productivity
levels, developments and trend breaks over a long period
for a large set of 13 industrialised countries during
the 1890-2012 period. Two productivity indicators
are considered: labour productivity per hour worked
(denoted LP) and total factor productivity (TFP). The
computation of TFP is based on the usual assumptions
of a Cobb-Douglas production function with constant
returns to scale. We have also made the assumption
of constant capital and labour service shares, each
of these shares being assumed to be the same for all
countries. From these two productivity indicators, waves
of productivity growth are derived by smoothing and
productivity trend breaks are detected using the usual
statistical methodology.
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The 13 countries considered are the G7 countries
(the United States, Japan, Germany, France, the
United Kingdom, Italy and Canada), the other
two largest countries in the euro area (Spain and
the Netherlands) and four other countries that are
interesting for productivity analysis because of their
specificities: a high productivity level at the beginning
of the period in the case of Australia, an unusual
European economic integration process for Finland,
a particular industrial structure in the case of Norway
and the role of structural policies for Sweden. In
addition, a euro area is reconstituted, which here is
the aggregation of Germany, France, Italy, Spain, the
Netherlands and Finland, and which corresponds to
85% of current euro area GDR

The analysis is conducted over a long period on a large
set of countries, with data* adjusted for purchasing power
parity and, as far as possible, on the basis of consistent
assumptions (for example, for the capital stock, the same
depreciation rate for all countries) which allow level and
growth comparisons among countries for each of the two
productivity indicators.

The main results are:

m Over the whole 1890-2012 period, we observe
two productivity growth waves in the United States, the first
big one corresponding to the second technological revolution
(use of electric power, the internal combustion engine,
chemical production, etc.) and the second, which was smaller
and shorter, to the ICT technology revolution (cf. Chart 1).

| From these two productivity growth waves with a lag,
and in a less explicit way regarding the second one, with
the length of this lag varying from one country to another
( cf. Chart 1): the first wave benefited the euro area,
the United Kingdom and Japan after World War I,
as reconstruction and technology transfers from the
United States enabled a renewal of the industrial base;
the second wave benefited the United Kingdom, but
apparently not other European countries or Japan.
Numerous studies provide differing explanations for
the ICT diffusion lag observed everywhere but in the
United Kingdom and the United States. This lag can
be explained by differences in the average level of
education of the working age population and by more
stringent labour and product market regulations (Cette
and Lopez, 2012).

B The productivity slowdown at the beginning of the
2000s, and mainly that in United States, leads us to
question the future contribution of the ICT revolution
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C1 Labour productivity waves
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Sources: see footnote 1; authors’ calculations.

to productivity enhancement. Gordon (2012, 2013)
interprets it as a huge deceleration in Moore’s law.?
He stresses that the wave of productivity growth
corresponding to the main ICT diffusion period is shorter
and smaller than that corresponding to the previous
technology shock. For him, in terms of productivity gains,
this technology shock is not as large as the previous ones
and US productivity growth is low after the temporary
rebound that started in the 1990s. Other studies
present the slowdown in the ICT productivity impact
as, at least partly, the result of an increase in price-cost
markups in the chip industry, or as a mismeasurement
(Aizcorbe et al., 2008 or Byrne et al., 2013). Moreover,
they do not rule out a second wave of productivity growth
following new improvements in ICT. Other explanations
for this slowdown are also plausible (for a survey,
see Cette, 2014).

1 The starting database was the one built by Cette, Kocoglu and
Mairesse (2009) for 4 countries, which we extended to 13 countries.
The data mostly come from Maddison (1994, 2001, 2003) or
Bolt et al. (2013), supplemented by specific national sources
(e.g. Baffigi, 2011, for Italy or Prados, 2003, for Spain). Series for
GDP and capital are given in constant national currencies as of
2005 and converted to United States dollars in purchasing power
parity (PPP) using a conversion rate from the Penn World Tables.

2 Intel co-founder Gordon E. Moore observed in 1965 that the
number of transistors on integrated circuits doubled every
two years, a trend which has continued for half a century.



B The productivity leadership switched from Australia
and the United Kingdom to the United States during
the first part of the twentieth century, and then to
Norway, the Netherlands and France, at least for a
number of years, at the end of the twentieth century
(cf. Chart 2). Regarding this last period, it would be
wrong to conclude that these countries were, at that
time, as efficient as the United States in terms of
productivity. The working time (for all three countries)
and/or the employment rate (in the case of France)
were lower than in the United States. Several
empirical studies find diminishing returns to hours
worked and with respect to the employment rate
(see Bourlés and Cette, 2005, 2007, for a survey
and estimates), which means that at least part of
the productivity performance of these countries was
obtained from relatively low levels of hours worked
or a relatively low employment rate compared to the
United States. In Norway, part of the performance
of labour productivity also came (and still comes)
from a high level of capital intensity, linked to this
country’s particular industrial structure (important
share of capital intensive industries such as petrol,
fishing and timber).

m There is no global and permanent convergence
process regarding productivity levels. Divergence
processes or stable gaps often appear during long
sub-periods (cf. Chart 2): indeed, convergence
with the productivity leader took place before
World War |, in the immediate interwar period and
after World War 11, but it was halted by technology
shocks and above all by wars, which resulted in large
downward productivity adjustments in countries
experiencing war on their soil and large upward
adjustments in most other countries. Convergence
was capped for some countries (Japan at 70% of the
United States level since the 1990s) as institutional
factors, among which the level of education of the
working age population as well as labour, product
and financial market regulation and the quality of
the State, are central determinants of a country’s
ability of to converge.

B General productivity breaks (cf. Chart 3) appear
in all countries at specific moments, such as world
wars, global supply shocks (such as the oil shock
of the 1970s) or global financial crises (such as
those which happened at the end of the 1920s or in
the late 2000s). However, these breaks can lead to
upward (for the United States) or downward (for the
euro area and Japan) productivity adjustments during
wars, persistent stagnation (for the euro area) or a
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C2 Labour productivity convergence relative
to the United States’ level

(Level of labour productivity per hour; US level = 100)

a) Non-euro area countries
200
180
160 |3
140
120 | %
100
80
60
40
20

0
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

United Kingdom
—— Japan

Norway
"""" Australia

b) Euro area countries
120

100

80
60 [
|

20

0
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

France
——— Germany

Netherlands
....... Spain
—— ltaly

Note: data in constant national currencies as of 2005 and converted in US dollars.
Sources: see footnote 1; authors’ calculations.

rebound (for the United States) regarding the 1930s’
Great Depression and the downward break for the
1970s oil shock was recorded between 1969 (for the
United States) and 1974 (for the euro area).

m Country-specific productivity breaks appear
(cf. Chart 3), which can be linked to idiosyncratic
shocks such as technological ones, for example the
early acceleration of the ICT technology shock in
the United States during the 1990s, or policy ones,
for example the implementation of structural reforms in
the Netherlands in the 1980s, and in Australia, Canada
and Sweden in the 1990s. Concerning structural



C3 Labour productivity breaks
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(Y-axis: aannual average in hourly labour productivity between two bounds; log scale)
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reforms, TFP growth per year increased by 1 pp in
the Netherlands and in Australia, 0.8 point in Canada
and 1.5 pp in Sweden. These numbers illustrate that
the productivity impact of structural reforms can be
very large, which gives a significant role to policy.

As far as comparisons are possible, these results are
consistent with other analyses usually produced on one
or a small number of countries and over shorter periods
(see for example the survey of numerous analyses
proposed by Crafts and O’'Rourke, 2013).
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