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RECENT TRENDSAND STRUCTURAL BREAKSIN USAND EU15LABOUR

PRODUCTIVITY GROWTH

Laure Turner and Hervé Boulfol

ABSTRACT

This paper examines shifts in labour productivitgwgh in the United States and in Europe betweefD19
and 2007 based on econometric tests of structuealkls. Additionally, it makes use of time-seriesdth
projections of labour productivity growth up to 20th order to detect breaks depending on confidence
intervals of the projections. The identification sifuctural breaks in US labour productivity grovidhfar
from obvious. A statistically significant breakf@und in the late 1990s only if at least the 97 fxthcentile

of forecasts materialises in the future, which nsetiat despite a clear pick-up in productivity gtiow the
second half of the 1990s, the size of the hummidarge enough compared with past variations tkema
this change a statistically significant break. Hoere a significant breakpoint is detected in thel41990s

for the difference in labour productivity growth tieen the United States and the EU15, even when
controlling for the convergence of Europe towards productivity levels that has contributed to highe
European performance in the early catch-up ph&sslly, within Europe, the accumulation of ICT dap

seems to be related to differences in the shifstrirctural labour productivity growth across coigst
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RECENT TRENDSAND STRUCTURAL BREAKSIN USAND EU15LABOUR

PRODUCTIVITY GROWTH

Laure Turner and Hervé Boulhol

1. I ntroduction

The gap in hourly labour productivity growth betwethe United States and the EU15 was
nearly closed by the second half of the 1990s.&5then, there has been a sharp turnaround,
with labour productivity growing faster in the Usdt States than in Europé&lowever,
productivity growth in the United States has slovaiitce 2003, to reach 1.4% in 2007. In
contrast, in conjunction with the cyclical recoveaysmall acceleration in labour productivity
occurred in the EU15 between 2004 and 2006, befecelerating to a growth rate of 1.2% in

20072

This paper aims at assessing the extent to whielrébent changes in labour productivity
growth in the United States and in Europe are strat as opposed to cyclical. First, for
descriptive purposes, filtering techniques are eygd on observed data to calculate the
underlying trends in labour productivity growth Wween 1970 and 2007. Then, time series
modelling is used to get forecasts of labour prigitg growth up to 2009 as well as a high
and a low scenario. Identifying the trends of thesenarios gives an insight on the conditions
under which structural changes might have recetdken place. Finally, the statistical
significance of the breaks in labour productivilypgth is assessed. Throughout the paper,
“breaks” should be understood as induced by sudtédts rather than by gradual changes or

drifts.

2. Since the analysis was carried out, the puldisteta has been extended by almost one year.
However, it has been checked that growth rate srdwae been little affected, such that the
results are not altered by the extension of thdabla data.



The paper takes into account the heterogeneity detwEuropean countries. The paper

investigates whether this heterogeneity in recerfiopmance is due to different propensities of

being intensive in Information and Communicatiorchiology (ICT).

Well-known stylised facts are highlighted by thedhiptive analysis:

a.

Until the second half of the 1990s, the EU15 oudtwered the United States in terms
of labour productivity growtA. As from then, the United States experienced an
increase in productivity growth, whereas EU15 labproductivity growth kept on
decreasing. The trend in the productivity growtp gatween the United States and
the EU15 reached a peak in the early years of @802 and has decreased since

then.

Over 2000-2007, the United Kingdom, Ireland, Findlaend Sweden were in the
upper range of labour productivity growth performarin Europe, whereas ltaly,

Spain, Portugal and the Netherlands were in thedoange (Table 1).

During the 1996-2007 decade, European countrigs higth intensity of Information
and Communication Technology (ICT) have been periiog better in terms of

structural labour productivity growth than the othe

This paper contributes to the literature that bathntifies and dates breaks in labour

productivity growth in the United States and in &pe&, using statistic and econometric

techniques, as in Benati (2007), European Comnmis¢&)07), Gomez-Salvador (2006),

Hansen (2001) and Stiroh (2001). It also bringsew elements. First, it extends data time

coverage and makes use of various scenarios ofifgimoductivity growth forecasts up to

EU15 is defined as a weighted average baseaane@untry’s GDP at PPP. Throughout the
paper EU15 is without Austria because of the lacaia on hours worked before 1990 for
this country.



2009 based on confidence intervaBecond, whereas few studies have concerned individ
European countries, the current paper estimatestthetural breaks in labour productivity
growth on a country-by-country basis. It also pded the test and dating of structural breaks
in the differencebetween US and EU15 labour productivity growttesatFinally, it sheds
some light on the contrasted patterns of laboudyctivity growth developments of the

countries with high, medium and low intensity offIC
The main findings of the paper are the following:

a. Identification of structural break in US labour guetivity growth is far from
obvious at conventional test sizes. The teststfactural change over 1970-2007 fail

to identify a break, with the exception of the miaturing sector around 1993.

b. It is only if high growth rates of labour produdty are reached in the future —
consistent with the 97"5percentile of forecasts - that a statisticallynifigant break
date is found around 1998 in the United Statesthedstructural break, presumably

due to ICT, is confirmed.

c. In Europe, statistically significant downward skiftr structural labour productivity
growth are found in 1979 and at the end of 2000néi@r, the 2000 break is not
robust to likely projections of future productiviggowth, while the 1979 break is not
identified any longer when controlling for differ@in productivity levelyis-a-vis

the United States, suggesting that it is relatetiécconvergence process.

d. A clear breakpoint is found in 1995 for th#&ferencein labour productivity growth
between the EU15 and the United States, the eglihdifference in annual growth

ratesslowing down from 1.6 percentage points over 199951to -0.6 percentage

4, As described in the Annex 1, the data coveragg9i70-2007. The forecasts are based on
time-series analysis and on OECD Economic Outlabk®jections.



point over 1996-2007. This breakpoint holds whentiadling for the difference in
lagged productivity levels. The latter finding segts that the 1995 breakpoint is due
both to the catch-up of Europe, which has stoppadesthe mid-1990s, and to

different ICT performances.

e. European countries that have similar timing of gtreictural shifts in their labour
productivity growth are devoting comparable effttICT. This suggests that in
Europe the accumulation of ICT capital is corradate structural shifts in labour

productivity.

f. In the United States, a structural increase of gnoim ICT capital services is
estimated to have taken place after 1995, follolmed strong fall after 2001. These

breaks do not translate into breaks at the tomh@ny level.

The paper is organised as follows. The next segiresents a brief review of the literature.
Section 3 deals with the nature — cyclical or ducel — of the recent evolution of labour
productivity growth in the United States and in &pe, as well as across European countries
and across groups of countries based on their IEdnsity. Different scenarios based on
forecast analysis are presented. The fourth seasasses the statistical significance of breaks
in labour productivity growth. Results are providéat the United States and Europe,
individual European countries, and high, medium lamd ICT country groups in Europe. The

data are described in the Annex 1.

2. Overview of theliterature

The focus of this paper is the timing and extenbraiaks in labour productivity growth rather
than the identification of the determinants of labproductivity growth. An initial literature

predominantly made use of growth decompositionriegles to document the sources of the



shifts in labour productivity growth with specifattention placed on the role of ICTThese
studies have two shortcomings concerning the ifieation of the structural trends in
productivity. First, they presume a breakpoint®®3 in US labour productivity growth. While
the average annual labour productivity growth hasngly increased after 1995, anpriori
selection of the break date is not satisfactorynfi statistical point of view. The break date
should be estimated as the one for which the shtfend is statistically significant. Secondly,
as Hansen (2001) underlines, structural change masaning only in the context of a model,

and occurs when the model's parameters changeioweat some breakpoints.

The current paper overcomes these issues by ratyinge econometrics of structural change,
which allows for both the identification of multglstructural shifts in series and their dating
with confidence intervals. The amount of work imstfield is voluminous and surveyed by

Perron (2006). In particular, substantial advarttage been made by Bai and Perron (1998,
2003) to cover models at a high level of generallilyeir methodology, used in the current
paper, is now widely implemented in applied studiegering a wide range of domains. For
example, it is used to test for changes in theepatof different series, such as aggregate
employment growth in the euro area in the late $9®@ourre, 2006§. The break tests are

adequate for detecting sudden shifts. Converseth tests might have a low power to identify

drifts when the underlying series is driven by ¢wadual changes (Benati, 2007).

For the United States, the results obtained inlifeisature depend upon the sectoral coverage

(non-farm business, manufacturing, total econonmg) the period under study (Table 2). For

5. Gordon (2000, 2004), Jorgenson and Stiroh (20Df¥genson, Ho and Stiroh (2002, 2006,
2007), and Oliner and Sichel (2000, 2002). Seeeiwmgn, Ho and Stiroh (2007) for a
comprehensive survey of this literature for the tethiStates, as well as Gordon and Dew-
Becker (2005) for a complementary analysis; see @lsst and Marquez (2000) for the other
main industrialised countries.

6. It has also been applied in such domains agdiudeficits (Bajo-Rubio, Diaz-Roldan and
Esteve, 2008), export performance (Rodriguez anmdyS2003) and inflation (Santos and
Oliveira, 2008).



the non-farm business sector, Benati (2007) ingatts changes in the growth of labour
productivity using data from the Bureau of LaboatStics (BLS) over 1947:1-2005:4. The
Bai and Perron (1998, 2003) test for structurahglesafails to identify any statistical break for
growth in output per hour. In an earlier papendhti(2001) uses one of the methodologies that
served as a basis for the Bai and Perron (1998)2@8t, which allows to estimate just one
unknown break point and then test for the signifteaof the change. The data used in this
study are from the Bureau of Economic Analysis (BEAd cover 1974:1 to 2000:3. The
result for the non-farm business sector fails ttecteany statistically significant breakpoint.
However, for the manufacturing sector, Stiroh (20€dtimates a breakpoint in 1993:3 which
is statistically significant. Hansen (2001) alsond§ a breakpoint in 1997 in the
manufacturing/durables sector with the Bai and d?elf1998, 2003) methodology. For the
total economy, using the Groningen Growth and Diwekent Center (GGDC) Total Economy
Database over 1950-2006 and the same methodolagyegSalvadoet al (2006) find two

break dates in the United States labour produgtgriowth in 1973 and in 1995.

The case of Europe’s labour productivity growthdegcumented by Benati (2007), Gomez-
Salvadoret al (2006) and the European Commission (2007), aszstabso in Table 2. Benati
(2007) uses quarterly series of the euro-zone@&# per worker from the European Central
Bank Area Wide Model Database over 1970:1 — 200Briz breakdate is found in 2001:1 that
leads to a period of lower labour productivity. tusthe GGDC Total Economy Database over
1950-2006, Gomez-Salvadet al (2006) find three break dates in the Euro Areauah
growth of labour productivity per hour. The brealtab reported are 1973, 1979 and 1995. All
the structural changes identified give rise to aopkeof lower labour productivity growth. The

European Commission (2007) studies structural Ilsreaklabour productivity growth in



Europe using the private business sector Eurostat aver 1980:1 — 2006'4According to

this estimation, one break is found for the eusaan 1998:1 (the mean of labour productivity
growth that follows the break date is lower). Wigspect to individual EU countries, the
European Commission (2007) finds that Germany shoWweeak in 1987:1 (downwards) and
France in 1998:2 (downwards). Italy shows two bsedk 1983:2 (upwards) and 1997:2
(downwards), and Spain three breaks in 1985:1 (s@mths), 1991:1 (upwards) and 1994:4

(downwards).
3. Standard Hodrick-Prescott filtering of thetrends

The 2004-2007 acceleration of labour productivitysiurope from a low growth rate and the
deceleration in the United States seem to be glasdated to the economic cycle. EU15
annual labour productivity growth next fell from6% in 2006 to 1.2% in 2007. First, for
descriptive purposes, Hodrick-Prescott (HP) filigrihas been employed to disentangle the
trend and the cyclical components of labour pragitgtgrowth. Second, more sophisticated
statistical techniques are used to determine whd#imur productivity growth has been

subject to shifts.

Figures 1A and 1B show the inversion in labour padvity growth trends that occurred in the
second half of the 1990s between Europe and theedSitates based on HP filters. Since then,
the United States have outperformed the EU15. tiidrel gap between the United States and

the EU15 reached a peak in the early years of 0@0<L but has decreased since then.

7. The methodology differs in that the series &« filtered before the Bai and Perron (1998,
2003) test for structural breaks are run on theaektd trend. Moreover, the criteria
employed to select the number of breaks is the 8agenformation criteria (BIC) which is
weaker than the sequential procedure of Bai anbRdsee simulation analysis in Bai and
Perron, 2006). Model selection procedure basednformation criteria cannot take into
account potential heterogeneity across time segmeniike the sequential method and shows
limits when serial correlation is present.



However, it can be noted from Table 3 that muchhef decrease in US labour productivity

growth over 2004-2007 could be cyclical.

To gain further insight into possible shifts in ¢aip productivity growth in recent years, both
in the United States and in Europe, a forecasU®rand EU15 labour productivity growth up
to 2009:Q4 is made using time series analysis ristless well as a confidence interval for the
forecast consisting of an upper and a lower scerarthe 95% confidence level. That is, the
upper scenario is defined by the $7gercentile of the forecasts and the lower scergyithe
2.5" percentile. This gives three series of labour petigity growth consisting of the
observed data supplemented by the forecasts, natmelgentral, the upper and the lower
scenarios. All scenarios are then decomposed inotsral and cyclical parts, in order to
compute three alternatives in labour productivitgvgh. Figure 2A and 2B show the central,

upper and lower trend scenarios obtained for th#Fahd United Statés.

The robustness of the identified trends is subgettiewo limitations that the tests reported in

Section 4 partly overcome.

- One of the well documented drawbacks of the HRrfils that at the end of the
sample, the filter becomes one-sided and the cqurneous data are given a
weight that is much greater than in the middlehef $ample. This effect can be seen

on Figures 2A and B: the upper and lower scenaesdiverging from the central

8. These scenarios are based on ARIMA forecastseofabour productivity series. The model
that fits the EU15 is an ARIMA with differentiatigparameter d=1, AR parameters p=9, 10,
11, 21, 22, 23 and MA parameter =0, whereas theeifor the USA is an ARIMA where
d=1, p=9, 12 and g=0. The trends are robust tmuarspecifications.

9. The HP trends based on the OECD Economic OutBgofrojections for the US and EU15
labour productivity growth up to 2009:4 are shownFgure 2 as well. The trend based on
these projections is close to the central scertzaged on ARIMA forecasts, albeit slightly
below. The purpose of using time-series-based émstscis to get the upper and the lower
scenarios.



scenario as soon as 2003:Q4, even though all sosnare based on the same

observed data covering four additional years.

Trends are to some extent sensitive to the filemarametet’ When using the
lambda=1600 filter, the central prediction is tha post-1995 gap between US and
EU15 labour productivity growth is shrinking quickend reaching a lower level in

2009 than when using the lambda=7000 filter (Fig)re

The aggregate European labour productivity growghd masks some heterogeneity between

countries. Over 1996-2007, Spain and Italy haven li#ving down EU15 labour productivity

growth trend, whereas Ireland, Finland, SwedentaedJnited Kingdom have been pushing it

upwards (Table 1).

Productivity developments differ systematicallyass European countries depending on their

propensity of being more or less ICT intensive owWer recent past. Looking at the average

growth in total capital services over 1996-200%hi@ ICT sector, three groups of countries can

be distinguished (see Figure in Annex 2). An ICghhintensive group that includes Sweden,

United Kingdom and Ireland; an ICT low-intensiveogp consisting of Germany, Italy and

Greece; an intermediary group including Francelaifioh Belgium, Denmark, the Netherlands,

Spain and Portugal.It appears that the high-intensive group perforineter since the mid-

10.

11.

A filter should include around 90% of the shoytles amplitude in the cyclical component,
and under this constraint, the percentage of thg &ycles amplitude included in the cyclical
component should be as low as possible. On this,bid® filtering on annual data requires
lambda=30 (Bouthevillain, 2002). Lambda=30 leadstealue of 91% of the short cycles
amplitude included in the cyclical component an#b6ddf the long cycles amplitude included
in the cyclical component. Lambda=100 — the valuggested by Hodrick and Prescott- leads
to a value of 97% of the short cycles amplitudduded in the cyclical component but to
70% of the long cycles amplitude included in thelical component. On quarterly data,
lambda=7000 corresponds to lambda=30 on annual d&dsever, the usual value for
international comparisons is lambda=1600 (which llaorrespond to lambda=7 on annual
data). The different parameter specifications laas3® and lambda=100 have been studied
on annual data as well as lambda=7000 and lamb@®=d% quarterly data.

No data on capital services in the ICT seb#&ing available for Luxembourg, it is excluded
from this country classification.

10



1990s, recording a growth rate of both observedtesrd labour productivity that is twice as

large as that of the EU15.
4. An econometric assessment of structural breaksin labour productivity growth

This section investigates the existence and impoetaof multiple breaks in labour
productivity growth since 1970 using the segmertedd approach developed in the context
of the econometrics of structural change and mpeeifically the Bai and Perron (1998, 2003)
test. This section is organised as follows. Thet nsxbsection describes briefly the
methodology. Subsection 4.2 presents the resuolis fhe Bai and Perron sequential procedure
for the EU15. Subsection 4.3 focuses on the UrStades, and subsection 4.4 gives the results
for the difference between the United States and¥EUhe last subsection deals with the

European countries and groups of countries bas¢ldeanlCT intensity.
4.1 Methodol ogy

The econometrics of structural change providessstal answers to the questions of the
existence, number and dates of structural shiftabour productivity growth. Compared with
HP filtering, this method has the critical advartar dating the breaks without aaypriori
hypothesis about the length of the economic cyclesalso indicates how statistically

significant the shifts are. Therefore it overcortiesse two limits of HP filtering.

The estimation focuses on the identification ofaliein the mean of the labour productivity
growth between different periods. The model useddsting structural change and estimating

the number of break dates is the following,fobreaks at dates,[

Ay, =B +zlgk+1| (t>T)+v,
k=1

where Ay, is labour productivity growth(f,, ...,A») the parameters, ang the error term.

11



The Bai and Perron (1998, 2003) method of estimaifdhe candidate break dates is based on
the least-squares principle and uses grid-séafthe methodology covers models at a level of
generality that permits numerous practical appbecet In particular, it allows for
autocorrelation and heteroskedasticity in the rediland different distribution for the data
and for the errors across segments. The resultedést are reported at conventional test sizes

of 5% or 10%.
4.2 Resultsfor the EU15

Testing for structural change on quarterly dateatierEU15 gives two break dates in 1979:Q2,
and in 2000:Q2 in the central scenario (Tablé®#fter each break, the estimated average
annual labour productivity growth rate is lowercamsing from 4.1% to 1.3% over the whole
period. These results are in line with the literatteviewed above. The breaks, however, could
be due to a convergence effect towards the staaty lsaving fostered growth in the catch-up
phase. Indeed, Figure 4 displays the strong EUSulaproductivity growth until the mid-
1990s, while the United States evolved on a moeadst growth path at higher labour
productivity levels!* To investigate whether such breaks might be éxpdaby convergence,

the difference between the EU15 and US productiltsels is added as a control variable.

12. For eachm-partition (T1, ..., Tm)the associated least squares estimates of tlenptars
(81, ..., pm) are obtained by minimising the sum of squareddreds. Substituting the
resulting estimates in the objective function arehating the resulting sum of squared

residualsS(T1, ..., Tm)the estimated break point@el,...,Tm are the solution of the

minimisation ofS(T1, ..., Tmpver all partitions. Then, the stability tests amplemented.
The procedure is sequential. First, stability @& trend is tested against the hypothesis of one
break. If stability is rejected, then one brealedatimposed on the model, and the hypothesis
of one break is tested against the hypothesis ofttn@aks. The second break date is obtained
by testing all the possible models with two brelakswing the first break date against the one
break model. The procedure is repeated until thaban of breaks and the corresponding
break dates are determined. A maximum of 5 breaks been allowed for this study. In the
remaining of the text, the results of the sequéptiacedure are reported at the 5% or 10%
significance level.

13. Results limited to observed data, i.e. withthe forecasts up to 2009:Q4 give the same
results.
14. Convergence has remained incomplete thoutjteasatch-up stopped in the mid-1990s.

12



Estimates indeed point to convergence towards thdelMel at an annual pace of 7.8%. When
this convergence effect is taken into account,bifeak in 2000:Q2 is still identified, but the

one in 1979:Q2 disappears, suggesting that it betieflects the convergence process. Sub-
section 4.4 comes back on the convergence effageiaster detail whereby additional tests are

applied to the differenc@ the US and EU15 series.

It is interesting to investigate the extent to whilie departure from the central scenario affects
the results. Testing multiple structural breakthimlower scenario (Z"ercentile), as defined

in Section 3, does not modify the results, wheritadoes in the upper scenario (97.5
percentile). More precisely, a break is always thim1979. Another break is found at the end
of 2000 in the lower scenario, as in the centrad. ddowever, if future productivity growth
were consistent with the upper scenario, the slevindafter 2000 would not be identified as a
structural break. A less stringent characterisatibrthe upper scenario, the "7ercentile,
rejects also the structural break in 2000, such te 2000 break cannot be considered as

being robust to possible future productivity deypshents.

In sum, the only robust break for EU15 labour paiiity growth is in 1979 and disappears
once convergence towards US productivity levelsostrolled for, as convergence explains

the faster growth in the (incomplete) catch-up phas
4.3 Resultsfor the United States

For the US non-farm business sector (Table 5)tebieon data covering 1970-2007 as well as
in the central or lower scenario up to 2009:Q4 gime statistically significant break dates in
US labour productivity growth even at the 10% levels only if high growth rates of labour
productivity were reached in the futuree. consistent with the upper scenario, that the
structural break of the mid-1990s, presumably 0u€T, would be confirmed. With the upper

scenario, a statistically significant break datefdand in 1998:Q3. However, with a less

13



stringent definition of the upper scenario, th& gBrcentile instead of the 9%.percentile, the
break is not identified. Despite the clear pickipproductivity growth in the second half of
the 1990s, the size of the hump is not large encoghpared with past variations to make this

change a statistically significant break.

In order to gain more insight on the structural letion of labour productivity in the
United States, breaks in some of the series rel@ddbour productivity growth — capital
deepening growth, multifactor productivity growtlabour quality growth and ICT capital
accumulation — have been studied between 1970 &06.ZThe results are reported in
Annex 3. The main finding is a structural increas¢he growth rate of ICT capital services
after 1995, followed by a sharp fall after 2001isTanalysis implies that these breaks do not
translate into breaks at the total economy levelally, for the manufacturing sector over
1987:2 to 2007:4, a break is found in 1993:3 atidise significance level of 10%, but not at he

5% level*®

4.4 Resultsfor the differencein the US and EU15 growth rates

One advantage of looking at the difference betwden US and EU15 series of labour
productivity growth is to control for the effect global shocks affecting both zones. Studying

the differencen the US and EU15 series of labour productivityvgth over 1970:Q1-2007:Q4

15. As discussed earlier, for the total economyngughe Groningen Growth and Development
Centre (GGDC) Total Economy Database over 1950-2@imez-Salvadoet al (2006)
finds two break dates in the United States labaodugpctivity growth in 1973 and in 1995.
Those breaks are not found using the BLS dataeandim-farm business sector level over the
same period. In order to understand the resultayrh€z-Salvadoet al (2006), the structural
change test was ran for the same sectoral covexfadata,i.e. the total economy, using the
OECD Economic Outlook 84 database. The period @aveould only start in 1960 due to
data availibility. The result of the test gives r@dk date in 1968. Over the same period of
1960-2006, the GGDC data also support a similaguabreak date in 1966. This means that
the results of Gomez-Salvadet al (2006) depend both on the sectoral coveragel (tota
economy versus non-farm business) and the stattitey(1950 versus 1960).

14



leads to the identification of a structural shiftthe gap in labour productivity growth between
the two areas after 1995:Q2 (Table 6). Until 19®f structural EU15 labour productivity
growth rate is estimated to exceed the US one®ypdrcentage points annually (significant at
the 99% confidence level), while EU15 is estimatednderperform the United States by 0.6
percentage point per annum after 1995 (this diffezeafter 1995 is not significartf) This

result is robust to whether the central, uppepwer scenario is considered.

One weakness of the above analysis is the lack stfuectural model for the productivity
growth rates. The over-performance of Europe ims$eof labour productivity growth before
1995 might be due to a convergence effect towdreldJS level as discussed above. In order
to explore this hypothesis further, the test fouctural change is run controlling for the
difference in the levels of labour productivity (lagarithms). Within the Bai and Perron

(1998, 2003) framework, the model used is the Valhg:

m
A(YEY =¥ =B+ D Bl 1>T) +a (] - vi9) +v,
k=1

where y’Sand yFY are US and EU15 labour productivity levels (igdathms),(y, ..., An)

the usual parameters,the convergence effect, ang the error term.

When controlling for the difference in levels, thejuential test confirms the break in 1995:Q2
with a significant change in the growth-rate difflece from +0.8 before 1995 to -1.1
percentage points after 1995, and an annual speemrnwvergence of 3.1%. In order to

discriminate between a break in the steady-statevtpr rate (thes’s) and a break in the

convergence process (the's) regressions conditional on the 1995:Q2 bredk deere made.

16. The identified structural break means thatdifference between the two sub-periods of the
growth rate differential (from +1.6 to -0.6) acrdas® two areas is significant at the 95%
confidence level.

15



Results are reported in Table 7. According the fiegression (first column) which does not
distinguish between the two sub-periods (before aftet 1995:0Q2), the difference in growth
rates between the two areas is partly explaineddmnyvergence at an annual pace of 7.8%.
Column (2) allows for different speeds of convergeetween sub-periodsThe speed of
convergence is estimated to have diminished fromararual rate of 6.8% before 1995 to no
convergence afterwards. Column (3) controls foraleonvergence, but allows for different

levels of growth rate differentials (the's): it is therefore entirely consistent with thesults

of the sequential Bai and Perron’s testing procedaported above. Column (4) is the most
general as it replicates column (3) while allowiog different speeds of convergence. Both
cases are consistent with the break in growth rateswith a non-significant convergence
parameter. However, multicollinearity might be pgesbatic, and the last two columns
replicate (3) and (4), respectively, but drop tla significant growth-rate difference in the
first sub-period. These last estimates suggest ttieae was a break in both the speed of
convergence from 5.7% to zero, and the structuxahtp rate differential after 1995:Q2, the

latter being favourable to the United States byp@&entage point annually after the break.

4.5 Results for the European countries and the | CT groups of countries

Finally, heterogeneity in Europe across countrieb @aross ICT groups of countries has been
taken into account. The results are summarisedbies 8 and 9. The European countries that
have similar timing of the structural shifts in ithbour productivity growth are also part of
the same ICT group. This suggests that in Europatlcumulation of ICT capital is correlated

to structural shifts in labour productivity.

17. Given possible collinearity issues, to be tieat with the idea of convergence, the
convergence parameters (tb€s) have been constrained to be no greater tham zer
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a. As for the United States, no significant break asifd for the United Kingdom,

Sweden, and Ireland. Those countries are all IGEnisive.

b. Iltaly and Germany experienced a structural chardyevigwards) in the labour
productivity growth around the end of 1979 accaogdin the tests. Both countries

have a low intensity of ICT.

Cc. The break (downwards) in France and Spain is estoi@ have occurred around the

late 1980s. Both countries are part of the inteiemgdCT group.

The study of thedifferencein labour productivity growth betweeBurope high ICT and
Europe medium-low ICT over 1970:1-2007:4 giveseakrpoint at the end of 1990, indicating
that labour productivity has structurally grown téasin Europe high ICT than in Europe

medium-low ICT after this point.
5 Conclusion

This paper aimed at assessing the existence aedtentt structural shifts in US and EU15
labour productivity growth since 1970. Four maimciasions emerge from the econometric
tests. First, the analysis of the EU15 series pdiata structural slowdown in productivity
growth around 1979 and again around 2000. Howekier2000 break is not robust to likely
scenarios of future productivity growth, while th@79 break disappears when convergence
towards US levels is controlled for. Second, thekqip in United States labour productivity
growth, presumably due to ICT, would be statisljcaleasured as a break only if high growth
rates of labour productivity, consistent with tHe5¥ percentile of forecasts, were reached in
the future. Third, a clear breakpoint is found 893 for thedifferencein labour productivity
growth between the United States and the EU15. Oifeiakpoint holds when controlling for a
convergence effect of Europe towards United Steesls, suggesting further that there has

been a structural change in both the speed of cgemee and the structural growth rate

17



differential after 1995:Q2, the latter becomingdasable to the United States after the break.
Fourth, looking at individual European countridg paper shows that ICT-intensive countries
have been structurally performing better in termhidafour productivity growth since the

nineties.
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ANNEX 1. DATA

Labour productivity is defined as GDP per hour. Aalndata for the European countries come
from the OECD Productivity Database and cover 1@7P007. Quarterly data come from the
OECD Economic Outlook 84 database and cover 19%602D07:4. The data are available at

the aggregate country level. They cover the tatahemy.

For the United States, the data sources are theDOEf©nomic Outlook 84 database and the
Bureau of Labour Statistics (BLS) databases. Thefaon business sector is the one studied.
However, the BLS also provides historical seriesuwfiual labour productivity growth for the
non-farm business sector from 1948 as well as gapyaseries for manufacturing from 1987.
Section 4 makes use of those data in order to atlomwparison of results with the existing

literature.

Also, in Section 4, in order to gain more insighioat the structural evolution of labour
productivity in the United States, capital deepgnimultifactor productivity growth and
labour quality have been studied, as well as IQditaktrends. The data on capital deepening
(capital services divided by hours) are the anda#d of the BLS between 1970 and 2006, and
the quarterly data of the OECD Economic Outlookd@4abase on capital stock in volume
divided by hours between 1970:1 and 2006:4. Multda productivity growth is provided by
the BLS on an annual basis between 1970 and 200&ll\; the BLS provides annual data on
labour composition between 1970 and 2006. Labomposition measures the effect of shifts
in the experience, education, and gender compoficthe work force. It is the ratio of labour
input to hours of all persons, where labour inmuai Tornquist aggregate of hours of all

persons (classified by education, work experiema gender) using hourly compensation to

22



determine weights. Two series of data were usestudy the ICT capital trends over 1970-
2006. Jorgenson and Stiroh (2007) have built aséatarhich contains IT capital services'’
values and prices from 1948 to 2006. The ratidhe§é series, which approximate the quantity
of IT capital services, is taken as the first serighe second data series considered is the BLS
calculation of the contribution of IT capital insty to aggregate productivity growth (growth
rate of information processing equipment and saitveapital services per hour times its share

in total costs) available also from 1948 to 2006.
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ANNEXE 2: ANNUAL GROWTH RATE OF TOTAL CAPITAL SERVICESIN THE
ICT SECTOR, IN THE UNITED STATESAND EUROPE

Figure. Annual growth rate of total capital services (in %),
ICT sector, United States and Europe, 1985-2005

M average 1985-1995 I average 1996-2005
32
3.0
2.6 26
22 22 22
2.0 20
18 18 17 18 1.8 18 18
. 17
16
14
1.2
u 12 11 12
: 10 1.0
07
04
USA SWE GBR IRL DNK PRT BEL NLD FRA FIN GRC ESP ITA DEU

Source: OECD Capital-Services Database. No data are available for Luxembourg.
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ANNEX 3: BREAKSIN SOME COMPONENTS OF USLABOUR PRODUCTIVITY

GROWTH

Periods identified by the BP test Estimates

Capital deepening growth, 1970 — 2006

1970 — 2006 259

Multifactor productivity growth, 1970 — 2006

1970 —2006 0b

Labour composition, 1970 — 2006

1970 — 1979 0.0%**
1980 — 2006 0.5%**

ICT capital services growth, 1970-2006

1970 — 1995 15.6%**
1996 — 2001 21.4%%*
2002 — 2006 9.3%**

*** indicates estimates at significant at the 1%dke

Labour composition measures the effect of shifthaexperience, education, and gender composition
of the work force. It is the ratio of labour ingothours of all persons, where labour input is angaist
aggregate of hours of all persons (classified hycation, work experience and gender) using hourly

compensation to determine weights.

The results reported for the ICT capital servicemagh rely on Jorgenson and Stiroh (2007) dataset.

They were confirmed using the BLS dataset.

1. No break date is found. This figure is the ageraver 1970-2006.
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Figure 1A. US and EU15 labour productivity growth rates, observations and trends,
quarterly data, 1970:1 - 2007:4
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Source: OECD Economic Outlook 84 Database, and BLS for 2007 US labour productivity growth rates in the non-farm
business sector. Hodrick-Prescott filtering (lambda=7000).

Figure 1B. Zoom on US and EU15 labour productivity growth rate trends,
quarterly data, 1995:1 - 2007:4
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Source: OECD Economic Outlook 84 Database, and BLS for 2007 US labour productivity growth rates in the non-farm
business sector. Hodrick-Prescott filtering (lambda=7000).
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Figure 2A. EU15 growth rate trends in labour productivity,
quarterly data 1970:1 - 2007:4, and arima forecast to 2009:4
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Figure 2B. US growth rate trends in labour productivity,
quaterly data 1970:1 - 2007:4, and arima forecast to 2009:4
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Source: OECD Economic Outlook 84 Database, and BLS for 2007 US labour productivity growth rates in the non-farm
business sector. Hodrick-Prescott filtering (lambda=7000). Scenarios are based on ARIMA projection (see Section 3).
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Figure 3. Differences between USand EU15 labour productivity growth trends in the central

scenario,
1970:Q1 - 2009:Q4 according to the HP filtering parameter
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Source: OECD Economic Outlook 84 Database, and BLS for 2007 US labour productivity growth rates in the non-farm
business sector. Arima forecasts to 2009:4.
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Figure 4. Labour productivity levels in the United States and in Europe, 1970:1 - 2007:4
at 2000 PPP, USD
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Table 1. Average growth rate of labour productivity (quarterly annualised)

1985-1995 1996-2007 2000-2007
LP Trend Cycle LP Trend Cycle LP Trend Cycle
BEL 2.2 2.2 0.0 1.4 1.4 0.0 1.1 1.2 -0.1
DEU 2.7 2.7 0.0 1.6 1.6 0.0 15 1.4 0.1
DNK 2.6 2.3 0.3 1.0 1.1 -0.1 1.0 1.0 0.0
ESP 1.8 1.8 -0.1 0.5 0.6 -0.1 0.7 0.5 0.2
FIN 3.2 3.2 0.1 2.5 2.4 0.1 25 2.3 0.2
FRA 2.4 2.4 0.0 1.6 1.6 0.0 1.6 15 0.1
GBR 2.0 1.9 0.1 2.2 25 -0.3 2.0 2.7 -0.7
GRC 1.7 1.0 0.7 3.1 3.2 -0.1 3.7 3.4 0.3
IRL 3.6 4.0 -0.4 4.2 4.0 0.2 3.1 3.4 -0.3
ITA 2.2 1.9 0.3 0.6 0.7 -0.1 0.5 0.4 0.1
LUX 3.0 3.0 0.0 1.9 1.7 0.2 1.7 1.7 0.0
NLD 15 1.7 -0.2 1.3 1.4 -0.1 0.9 1.0 -0.1
PRT 3.0 2.6 0.4 1.9 1.7 0.2 1.2 0.8 0.3
SWE 1.6 1.6 0.0 2.3 2.3 0.0 2.2 2.0 0.2
EU15 2.1 2.1 0.0 15 15 0.0 1.2 1.4 -0.1
ICT high-
intensive 2.4 25 -0.1 29 2.9 0.0 2.4 2.7 -0.3
countries

Source: OECD Economic Outlook 84 Database. Hodrick-Prescott filtering (lambda=7000).

Reading note: the ICT high-intensive group of countries includes Sweden, United Kingdom, and Ireland. It was
defined considering the countries’ average growth in total capital services over 1996-2005 in the ICT sector (see
section 3)
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Table 2. Overview of the previous results

Paper Data Data Data Statistical Break(s)
source and period frequenc approach identified
scope y
UNITED STATES
Benati USA 1947:1- quarterly Bai and Perron No break
(2007) Non-farm 2005:4 (1998, 2003)
business, BLS
Stiroh USA 1974:1-  quarterly estimation of one No break
(2001) Non-farm 2000:3 break date
business, BEA
Stiroh USA, 1974:1- quarterly estimation of one 1993:3
(2001) Manufacturing, 2000:3 break date
BEA
Hansen USA 1947:1-  quarterly Bai and Perron 1997
(2001) Manufacturing/ 2000:4 (1998) among
durables, BLS others
Gomez- USA, 1950- annual Bai and Perron 1973, 1995
Salvador Total Economy, 2006 (1998, 2003)
et al. (2006) GGDC Database
EUROPE
Benati Euro-zone, 1970:1 quarterly Bai and Perron 2001:1
(2007) Total Economy, - (1998, 2003)
European Central 2006:2
Bank Area Wide
Model Database
Gomez- Euro-zone, 1950- annual Bai and Perron 1973, 1979,
Salvador et Total Economy, 2006 (1998, 2003) 1995
al. (2006) GGDC Database
EC (2007) Euro-zone, 1980:1 quarterly Bai and Perron 1998:1
Total Economy, - (1998, 2003) on
Eurostat 2006:4 trend extracted by

filter. BIC criteria.
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Table 3. Trend/cycle breakdown of labour productivity growth
(annual data, Hodrick-Prescott filtering with Iambda=30)

EU15
Labour Trend Cycle
productivity

growth
1985-1995 2.1 2.1 0.0
1996-2006 15 15 0.0
2000-2006 1.2 14 -0.1
2000-2003 1.2 15 -0.2
2004-2007 1.3 1.3 0.0

United States

Labour Trend Cycle
productivity

growth
1985-1995 1.2 14 -0.2
1996-2006 2.1 2.1 0.0
2000-2006 2.2 2.2 -0.1
2000-2003 2.7 2.3 0.3
2004-2007 1.3 2.1 -0.8

Source: OECD Productivity Database and BLS for 2007 US labour productivity growth rates in the non-farm business
sector. Hodrick-Prescott filtering (lambda=30).
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Table 4. Breaks in EU15 labour productivity growth

Results of the Bai-Perron sequential test at significance level of 5%

Central scenario

Lower scenario

Higher scenario

Periods Estimated Periods Estimated Periods Estimated
identified by average identified by average identified by average
the BP test growth rate of the BP test growth rate of the BP test growth rate of

labour labour labour
productivity productivity productivity
70q1-7992 4. 1xx 70q1-7992 4. 1xx* 70q1-7992 o Rl
79q3-00g2 2.1 79q3-00g2 2.1 7993-09q4 2.0%*
00g3-09g4 1.3%* 00g3-09g4 1.0%**

*** indicates that estimates are significant at the 1% level

Reading note: Identification of a break means that the difference in growth rates before and after the break date is
significantly different from zero at the 5% level. For example, in the central scenario, the Bai-Perron
sequential test identifies 2 breaks in EU15 labour productivity growth, dividing the whole period into 3 sub-
periods: from 1970 Q1 to the first break in 1979 Q2, the average annual growth rate is 4.1%, while it is
2.1% between 1979 Q3 and the second break date in 2000: Q2, and 1.3% between 2000 Q3 and 2009

Q4.

Table 5. Breaks in US labour productivity growth

Results of the Bai-Perron sequential test at significance level of 5%

Central scenario

Lower scenario

Higher scenario

Periods Estimated Periods Estimated Periods Estimated
identified by average growth identified by average growth identified by average
the BP test rate of labour the BP test rate of labour the BP test growth rate of

productivity productivity labour
productivity

Test non no break Test non no break 70091-98g3 1.3%**

significant significant
98g4-0994 2.4%**

*** indicates that estimates are significant at the 1% level
Reading note: see Table 4.

Table 6. Breaks in the difference between EU15 and US labour productivity growth rates

Results of the Bai-Perron sequential test at significance level of 5%

Central scenario

Lower scenario

Higher scenario

Periods Estimated Periods Estimated Periods Estimated
identified by the | difference in | identified by the | difference in | identified by the | difference in
BP test growth rates BP test growth rates BP test growth rates
70q1-95qg2 1.6%** 70q1-95qg2 1.6%** 70q1-95qg2 1.6%**
95q3-09qg4 -0.6 95q3-09qg4 -0.5 95q3-09g4 -0.6

*** indicates that estimates are significant at the 1% level
Reading note: see Table 4.
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Table 7. Assessment of the 1995:Q2 break in the difference between EU15 and US

labour productivity growth rates and in the speed of convergence

Dependent variable: A(yf” - y&'°)

1) (2) (3) (4) (5) (6)
difference in the levels of labour
productivity (in logarithms) -0.078** -0,031 -0.056***
EU _ ,,US 0.034 0.040 0.014
Y Y
t t
difference in the levels of labour - s
productivity (in logarithms), -0.068 -0,035 -0.057
Up 10 1995:02 (0.021) (0.041) (0.014)
difference in the levels of labour 0.000 0.000 0.000
pl’OdUCft;thni/ ilgr;glg%el;lthms), b(.)und b(.Jund b(.Jund
— . 0,008 0,007
Dummy (=1 up to 1995:Q2) (0.010) (0.010)
_ . -0.011* -0.006** -0.014%** -0.006**
Dummy (=1 from 1995:Q2) (0.006) | (0.003) | (0.004) (0.003)
-0,009 -0,004
Constant (0.007) (0.003)

Note. To be consistent with convergence, the parameter for the difference in levels (first three rows in the
table) is restricted to be negative. The constraint is binding for the difference in levels after 1995:Q2.

Standard errors in parenthesis are robust to heteroskedasticity and autocorrelation.
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Table 8. Results of the Bai-Perron sequential test at significance level of 5% for selected
countries

Countries Periods identified by the Estimated average growth rate of
BP test labour productivity
FRA 1970:Q1- 1989:Q4 3.5%**
1990:Q1- 2007:Q4 1.7%*
ESP 1970:Q1- 1986:Q2 4 4rxx
1986:Q3- 2007:Q4 0.9%**
DEU 1970:Q1- 1979:Q2 4.6%**
1979:Q3- 2007:Q4 2.0%**
ITA 1970:Q1- 1979:Q4 4 3
1980:Q1- 2007:Q4 1.2%*%
GBR non significant _
SWE non significant _
IRL non significant _

*** indicates that estimates are significant at the 1% level

Reading note: see Table 4.

Table 9. Results of the Bai-Perron sequential test at significance level of 5 % -
Difference between high ICT Europe and medium-low ICT Europe

Periods identified by Estimated difference in growth
the BP test rates
1970g1-1990qg4 -0.5*
1991g1-2006q4 1.0%*

** indicates that estimates are significant at the 5% level, * at the 10% level.

“Europe high ICT” and “Europe medium-low ICT” labour productivities are unweighted averages.
The ICT groups of countries are defined looking at the average growth in total capital services
over 1996-2005 in the ICT sector (see section 3).

Reading note: see table 4.
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