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1 Introduction

Central tools for judging the competitiveness of nations ararious kinds ofproductivity
measuresFocusing primarily on labor productivity and total factor productiyitizP), the
main findingis that therearedifferent growth pattesand goersistent divergence in procu
tivity between nationsyet, the reasons for this finding diffeknalyzing labor productivity,
Enflo and Hjertstrand2009) Fare et al(2006) Henderson and Russ¢#005) Kumar and
Russell(2002) and Maudos et al2000) find capital accumulation and, if included in the
analysis, human capital accumulation to be the main drofdabor productivity growth and
its divergence between countries.

Another main driver of growth and productiviifferencesdentified in most studies is tec

nical change. This holds, regardless of the underlying assumptions of the models used and
estmation techniques applied (Ark, O'Mahony and Timmer 2008, Badunenko, Henderson and
Zelenyuk 2008, Margaritis, Fare and Grosskopf 2007, Kruger 26fa8yever,alreadyBalas-
sa(1964)and Samuelso(i1964) with their twasector models, point ectoraldifferencesn
production.Hence,in order toexplain growth and productivity differences a more detailed
view is appropriateYet, few papers address the issue of sectoral differences.

Looking at industrialized countries, Arcelus and Aroz€r#99)are among thérst to pursue

a disaggregated approach. Tlanalyze TFP growth for 14 OECD countries and the twe se
tors of manufacturing and services for the 1970 to 1886od by means dhe Generalized
Malmquist Productivity IndeXGriffel-Tatje and Lovell 1999). This allows decomposing TFP
into technological chage, efficiency improvements and scale changes. They find that, overall
TFP growth in the manufacturing sector is driven more or less equathchbwgical progress
and efficiency improvement#n contrast, the source of TFP growththe service industris
almost always technological progre¥et, they do nofocus on the important finding of an

qual distribution of technological progresand productivity between the manufacturing and
service sectors within countries.

Inklaar and Timme(2007)are he first which provide a deeper insigin these sectoral gh
parities of technologicathangesThey analye the pattern off FP growth in the tradition of
growth accounting at thevo-digit industrieslevel. It usesHarberger diagram@Harberger
1998)to comparesectoralgrowth patterngor four Anglo-Saxon countries and threentinen-
tal Europearcountres for the 1995 to 2003 period. They find thastly, overall TFP growth
rates forthe four Anglo-Saxon countries are significantly higher. Sedpn@iFP growth at the
industry leveldivergessignificantly in European countries and is more ‘mushroom’ like. In
contrast, growth rates withithe Anglo-Saxon countries are more balanced aaSty, as
theyterm it (Inklaar and Timmer 2007Yimmer et al(2011)confirm this result for the 1995
to 2005 periodThus, a main finding ofheseanaly®s is that technological changensore
broadly based in Angi&axon countrieswhile in continental Europeanountriesit is can-
fined tofew industries.For Europe, this would imply that technology diffusion between se
tors is hampered with negative impacts for long term groltwever TFP growth in this
frameworkis a residualwhich is regularly regarded as a proxy fdechnologicalchange.
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Hence alreadylnklaar and Tmmer (2007) notethat this residuaincludes,in addition to
changes in technologghanges ireconomies of scal organizational changes and 1,001 other
causegHarberger 1998, 5).

The contribution of our paper is to go further into the question: Is technological ggstijie
unevenly distributed across sectors within European naties accourg for economies

of scale and inefficienci@sTo this endwe combine the approaches of Inklaar and Timmer
(2007) andArcelus and Arozen§l999).First, we dispense the growth accounting approach,
which ascribes any change to technology by definition, and use the Malmquist approac
which allows us to decompose TFPhen wefollow Inklaar and Timmef2007) anduse the
Harberger methodh a second step texamine whether the distributional differencesth
respect to TFPcan also be found for the technology component.

Giventhatthe previous Malmquist literature mostly fehat the technology componenk-e
plains most ofthe TFP growth we expect to find the same in this analysis. Hg®implies
that, if we find TFP growth unevenly distributed in a country, one can expect a rathar sim
distribution in the technology component. In this cdle, findings by Inklaar and Timmer
(2007)and Timmer et ali2011)really point to a sectorally uneven distributiont@¢hnologr

cal progressYet, our results are contrary to their findings. Our analysis showinthinost

all Europearcountries technological progress is much more evenly distrilateds sectors
than TFPHence, technicathange seent® bewidespreadlsoin Europe.

The remainder of the paper is organized as follows. The next section presents an overview of
the applied methods, while the data are introduced in the third section. The resultsndf the

ysis are the subject of the fourth sectibimst, we compare the TFP ihe tradition of growth
accountingwith the estimated TFP by meanisthe GMPI approach for nin&VesternEurope-

an countriesto reveal the correlatiorSecondwe apply Harberger diagrams to the TBR

well as to its components to verify whether there are sectoral disparitieshatitertheycan

be also found for the technical component of the TIFfR.last section concludes.

2 Methodology

In order to combinghe approaches of Inklaar and Timn2@07)with Arcelus and Arozena
(1999) we first estimate Total Factor Productivity (TFP) using the Generalized Meimq
Productivity Index (GMPI). ien we use the Harberger diagrams to analyze the pattern of
TFP growth and its components in each country. Subsequently, we brieflybdaberiData
Envelopment Analysis (DEAWwhich is needed to estimate the distance functions that are
used to calculate THBy means of GMPI. Thereafter tVPI and its components are ioHr
duced® Finally, we briefly explain the idea behind the Harberger diagrams and what one can
learn from it.

! A brief discussion of thasets and drawbacks of the method is provided in Appendix.



Data Envelopment Analysis

Data Envelopment Analysis is a nonparametric approach to examine the efficfeagy o
decision making unit (DMU). It is based on the idea of a production set and its enveloping
production function (Farrell 1957and became popularith the work of Charnes et al.
(1978) The metbd les the data define the location and shape of the production function
(best practice frontier) and derives the (in)efficiency of any unit by unegsthe distance of
each observation to the frontfer.

Hence, we define a production possibility s&{(x‘,y‘):x‘ can producg‘}, itself defined by the

input vectorx e x"* and the output vectoy e%"* of any DMU in the sample at time-1,...,T
. It contains all possible inpatutput combinations. Choosing an output orientated approach,
the frontier of s is given byap‘(x‘)z{y‘:y‘eP‘(x‘),/ly‘eP‘(x‘),/b]}. The magnitude of ingff

ciency of each unit is calculated according to Shephard (E870)

D'(x,y')= min{0 1y /0 e P(x )} =[max{6 {0y')eP'(x )}T
with pr(x,y')<1 2 Thus, each observation is labelas efficient and evaluated with a distance
function of 1 if it's defining the frontier. Ib;(x,y)is below 1 the DMU is considered asfine

ficient since it would be possible to produge;(x.y:) times more outputs using the same

amount of inputs. The actual calculation of each distance function is conducted by pinear o
timization.

Generalized Malmquist Productivity Index

As shown by Fare et a(1994),the DEA distance functions can be applied in calculating
productivity changes with the MalmquiBtoductivity Index (MPI). The use of this index for
productivity analyses dates back to Caves €8B82) which proved the identity between the
Tornquist Productivity Indices and the Malmquist Index. However, the components of the
MPI are potentially biased in the presence of variable return to scalowas y Griffel

Tatje andLovell (1995) To overcome this problerthey derived the Generalized Malmquist
Productivity Index (GMPIsuch that scale changes are included ineitenation ofprodic-

tivity changegqGriffel-Tatje and Lovell 1999, 1997Productivity growth between andt+1

IS now given by:

GMPI t (Xt , yt ,Xt+1 , yt+l) -M t (Xt ’yt ,Xt+l ,yt+1) RES‘ (Xt ’yt ,Xt+ 1)

with:

2 A detailed discussioaf the DEA, its underlying assumptions and phepertief its estimators cabe

found in Simar and Wilso(2005) We also recommend €l et al.(2005)for readersnterestedn the
method.

In this paper the notation without any further subscript alwaystdelistance functions calculated under the
assumption of variable returns to scale. If constant returns to scales anecsgindicate this by thelsu
scriptc as in



Dé(x‘“,y‘ )/Dt (Xt+l’yt)
0! (.') /(< ¥)

RESt (Xt ' yt ,Xt+l) _

M‘(x‘,yt,x”l,y”l) _ Dt(xt+l’yt+1)/Dt(Xt 'yt)
—x TEF (Xt,yt ’Xt+1,yt+l) TCH (Xt+1,yt+l)
TEF! (Xt1yt’xt+l’yt+1) _ Dt+1(xt+1’yt+l)/Dt (Xt ,yt)

TCH! (Xt+l, yt+1) D! (Xt+l, yt+ 1)/Dt+ 1( Xt 1' yt+ 1)

Hence, the productivity change betweerand t+1 can be decomposed into three comp
nents. The scale changes, measured by the scale Rsgexcontribute positively to produ

tivity growth if a contraction (expansion) in the region of decreasinge@sing) returns to
scale occurred. Or the other way around, it takes values less 1, if the productioa welum
creases (decreases) in the region of decreasing (increasing) returne.tdlseBEE' equals 1

if the DMU did not change its scale position betweeandt+1. The second component is
the efficiency indexTEF'. It measures how a DMU is catching up to its more productive
competitors, if it does so. Consequently, it takes valuesteggrthan (equal to, less than) one
and contributes positively (not, negatively) to gwotivity changes, if the efficiency of any
DMU increased (did not changed, decreased) betwesmd t +1. The third component pa
tures technical changes as a shift in the productions function. Technoldgingkds defined

as the change in the location of the production function within the production possibility set.
The technology indexX”CH' takes values greater than (equal to, less than) one if technical
change occurred and thus md@tiee same, less) output can be produced+in by the same
amount of inputs as in. To create these indices, six linear optimization problems need to be
solved per observation and point in time to generate the distance functions.

Visualizing growth patterns: The Harberger Diagrams

Following the approach of Inklaar and Timn{@007) we apply the Harberger diagrams to
visualize growth pattern. The main idea of the diagrams fdatothe sectors in such aay

that one can sdheir contribution to overall growth. This is achieved by ordering the sectors
according to their TFP growtffhe growth rates are weighted witle sectosshare of value
added and aggregated. The resulting cumulative contributioneofnttustries is plotted
against the cumulative share of the indust(iégrberger 1998)The figurecontains thesec-

tors with the highest growth rates near the origin and the sectors witlowessbr even et
creasing TFP grotl at the upper end of the curve. The last point on this curve is equal to the
(weighted) average growth in a country.

The resulting curve must be concave due to the initial sorting. Yet, the concaatyddeon
the distribution of growth across industries. If all sectors show the samegibkfh, the
curve would be a straight line from the origin to the average TFP growth at theengpdihe
more the growth rates differ, the more concave the curve would be and thus the largsx the ar
between he curve and the diagoniale from the origin to the average growth rafnally,
the concavity also depends on the weight of the sectors. If the sectors withhest growth
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are rather small, in terms of their relative value added, the curve will b& ¢oncave as if
the sectors would be larger.

The interpretation of the curve and the area under the curve is as follas: gfowth is

more broaebased, the curve is close to the diagonal line und the area under the curve is small
(seeFigurel). Harberger calls this "yeasty" since growth is evenly as the growth auf thagt

is caused by yeagHarberger 1998)Hence, TFP growth in eountry is driven by manyf

not all, sectors. In the growth accounting framework this also means that all saci@or

less equally participate in technical progress. However, if growth caaupel only in few
sectors, the curve will be much morengex and more like a "MushroonfMarberger 1998)

In this casethe area between the diagonal line and the curve will be larger than in the yeasty
case(seeFigurel). In the growth accountinggmework this would imply thaethnical po-

gress in a country rely on few sectors and many sectors do not contribute to tachholog
progress. In the context of this paper Herbergerdiagrams mainly show whether growth is
evenly or unevenly distributed. The interpretation regarding technologicalepsogpplies

only when we look at the technology component ofGIMPI.

Figure 1: Examples for Harberger diagraf
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3 Data

The analysis is conductesing data from the EU KLEMS data base, which originates from

an international research project supported by the European Commission as part'bf the 6
Framework Program |t provides data for 25 E\Countrie$, the USA, Japan, Australia, Ga

ada and Korea at a sectoral subdivision of 72 industries until 2005. Although we have data for
some of these countries since 1970 we restrict the analysis to the period 1995 to 2005 in orde
to include as many countries as possible. The origins of theugtaimilar to the STAN data

base of the OECD, national accoutglditionally, EU KLEMS includes national labor ma

ket, industry and capitacensus data. According to O’'Mahony und Timn(2009) this

The Figure is, slightly modified, taken froimklaar and Timmer (2007)
The interestedeaderis referredo O’Mahony und Timme(2009)for a detailed discussion of the EU
KLEMS data base.

Romania and Bulgaria are not in the sample.



makes the EU KLEMS data base in parts richer than STAN, especially esjleat to the
level of sectoral subdivision, the volume of labor and capital services. The datdsbgse-a
vides TFP growth rates calculated using growth accounting according to Jorgension
(1987).

We used labor (hours worked) and capital (capital services) as inputs anddadduaeas du

put to calculate TFP growth with DEA and GMPI. Capital and value added is given as nom
nal values in national currenciaed hence need to be converted into real values. This is done
by first applying purchasing power parities, provided by the OECD. It givesmal vé

ues in PPP$ and they are therefore deflated in a second step, again using OECDhakata
labar is given as total hours worked, this variable needs no conversion. The bottlaneek
ever, is capital. We only have capital data for 15 countries between 1995 and 2005 and thus
our sample is restricted to those countfiddthough we areonly interested in th&Vestern
European countriesll available data, i.e. all countries, are included in the DEA estimations
in order to reduce the bi#lsatis caused by sampteductions’ Further,the analysis foces
ontheservice and industry sectgiisusiness economandneglecs both thepublicand agr
culturalsectors.

Besides calculating sectoral TFP growth rates we also use the TFP growttepatésdrin

EU KLEMS in order to compare the distribution of sectoral TFP growth rates usddaar

and Timmer(2007) with the ones calculated by means of the GMPI. Note, howevethahat
country TFP growth ratetabeled GATFP in this studyare not identical to those reported in
the EU KLEMS database for total industry (code: “TOT"). The reason ksafsedtoral data.
Comparing the distributions of TFPs requires focusing on sectors for which both, the GA
TFPs and GMRTFPs are available in order not to compare apples with gearsever, TFP
estimates in the EU KLEMS databaseA(GFP) are often available gnfor aggregate secter

(for instance sector O instead of the digit levels 90 to 93). At the same time, TFPi-est
mates by means of the Malmquist approach (GVIFP) are calculated at the twiigit sector

level because of the assumopt of a common production function. Yet, EU KLEMS do not
report capital and labor data for each 4skgit sector and as a result, TFP growth cannot be
estimated for some sectors by means of GMPI. As a consequence, we sometamas Tialk
observations (GATFP) at the twaligit sector level in EU KLEMS (for instance sector 90 to
93) as well as not enough calculated TFPs (GVIFP?) toderivean aggregated TFP that has

a match in EU KLEMS (for sectors 90 to 93 in order to aggregate them into s¢ckier@e,

we have to omisomesectors, depending on the actual data availability in each country, when
computing country level TFBrowth rates. This causes our country-GRPs to differ from

the ones reported in EU KLEMS for total industry (code: “TOT").

" These are: Australidustria, Czech Republic, Denmafkinland,Germany Great Britain Italia, Japan,

Korea,NetherlandsPortugal Slovenia,Swederand the USA.

8 See the discussion of assets and drawbacks of the methods in the Appendix.



4 Results

We analyze the sectoral concentration and distribution of productivity growthspedialy

of its componenttechnological changeéetween 1995 and 2006r nine Western European
countries In particular we analyg whetheitechnical progress Europ@n ®untriesis more
localized in few sectors thus ‘mushroontike’ —or if it is more broatbased- thus yeasty.

We apply the nonparametric Generalized Malmquist IN@¥PI) approach to derive TFP
estimates and to identify sources of TFP growth at sémtet by decomposing itn order b
compare our resultwith thoseof Inklaar and Timmer (2007)ve also use the TFP estimates

of the EU KLEMS database. These TFP estimates were calculated following a basic growth
accounting framework GA’) by Jorgensoret al. (1987).For a better differentiation we call
theseTFP estimateSGMPI-TFP and ‘GA-TFP.

As pointed out above, we calculate the TFP using a different method than Inklaar amet Tim
(2007 or Timmer et al(2011). Therefore, the first step in the analysis is to check whether
both measuresthe GMPTFP and the GATFP, are approximatelgimilar. However, wedo

not expectdentical values since thenethods botldiffer and alsarely on different assum
tions. This expectation is confirmed when we consideffitls¢ andsecond columof Tablel.
Except for Sweden and Finland, the pure numbers differ significantly. Yet, thes \aiee
highly correlated.

Table 1: TFP growth rates and the growth rates of the GVIFP
components, 1995-2085

@ @ 3 4) (5)
Country GA-TEP GMPITEP techrgjﬁgh;hangaefﬁcie(g;ylzc)hange sca(IIgEcg?nge
Austria 0.20% 0.38% 1.48% -1.02% -0.08%
Denmark -0.21% 0.28% 0.86% -0.47% -0.11%
Finland 0.99% 0.99% 0.82% 0.23% -0.05%
Germany 0.56% 0.92% 1.47% -0.33% -0.21%
ltaly -0.48% -0.95% 1.54% -2.18% -0.31%
Netherlands 0.65% 1.72% 1.62% 0.17% -0.08%
Portugal -0.85% 0.12% 0.81% -0.70% 0.00%
Sweden 0.80% 0.80% 1.35% -0.48% -0.07%
United Kingdom 0.57% 1.77% 1.04% 0.74% -0.01%

Source: EU KLEMS Database for GRFPs

Moreover, the crucial outcome with respect to our research question is the dwstrd§utFP
growth over all sectordVe use the Harbergeiagrams for both methods in order to check
whether we observe similar distribution patterns as Inklaar and Tirf@@er). Specifically,
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we use these diagrams and the relative area underneath the Harberger diadgiaio (RA-
acterize how widespread (‘yeastlow RAH value$ or localized (‘mushroom: high RAH
valueg productivity growth isAs shown in columrone of Table 2, we see RAHs ranging
from 0.49 to 0.85 for the analyzed countries when sectoral TFP measures argechfddla
lowing the growth accounting approach. Thus, the T&As are unevenly distribudeacross
sectors. Looking at the GMHIFP (column2), we see similar results. Countries IRertugal,

Italy, Austria and Denmark show higbAHs greater tha®.5. Germany, Sweden and Finland
have lower RAH, ranging from 0.39 to 0.46. Hence, we also difishushroom liké TFP
growth patterrwhen applying GMPI. Yet, variation of RAH is greater regarding GVIPPs
thanGA-TFPs. However, the growth patterns for the Netherlands (RAH 0.23) and the United
Kingdom (RAH 0.25) are much more brebdsed or ‘yeasty’. @rall, as shown ifrigure2,

the RAHSs ofthetwo TFP measures are positively correlated. With respect to the distribution
of TFPs our results are in line with the findings of Inklaar and Timmer (2007) amdé€¥i et

al. (2011) More specifically, he RAH of both th&5A-TFPs and the GMPITFPsindicate an
unequal distribution across sectors, or in other words, a ‘mushroom like” TFP groesth. patt

Table 2: The Relative Areas under the Harber(RAH) for both
TFPs and the components of the GMPI-TFP, 1995-2005

1) (2 3) 4) (5)
Relative Area under Harberger (RAH) of

Country GA-TFP GMPI-TFP tec“’g?gﬁ;‘ange efficiency changéTEF) Sca('ség?”ge
Austria 079 066 024 058 081
Denmark 085 065 03 07 0.8
Finland 05 043 044 067 088
Germany 055 039 024 077 068

ltaly 069 056 029 036 056
Netherlands 051 023 026 073 065
Portugal 067 0388 039 071 1
Sweden 049 047 023 073 083
United Kingdon 0.49 025 043 052 097

Source: EU KLEMS Database for GF-Ps

Finding a similar resulio that of Inklaar and Timm&R2007) with respect to the sectoras-di
tribution of TFP, we proceed and look at the components of the GPIlin order to verify
if technological progress is also as unevenly distributed. The results of thepastoon can
be found in columns three five of Tablel. They show that theechnological changeneas-
ured by the technology indéXCH), is the deciwe driving force of TFP growth in all cod
tries. This ado holds truet the sector level® Yet, at the same timalmost all countries $u
fered efficiency losses as can be seen in column four. However, counthesffigiency m-

10 See Table Al in the Appendi



provements, specifically Finland, the Netherlands and the United Kingdoaisaréhe con-
tries with the highest TFP growth. Hence, for these countries the high TFth get@s come
not just from technical progress, but also from a more efficient use of inputs. Eceraimie
scale, on the other hand, had a negative effect on Tévalgim all selected European cou
tries with theexcepton of Portugal.

Figure 2: Relative area under Harberger (RAH) for G&P and GMPFFP'

1
PRT
0,9 @
0,8
o 0,7 AUT DNK
= ITA * o
= 06
®
= SWE
O 05
€ GeR
0,4 FIN ¢
0,3
UKs NDL
Ko.
0,2
0,2 0,3 0,4 0,5 0,6 0,7 0,8 09 1
GA-TFP

Source: EU KLEMS Database for GRFPs

To answer our central question on the sectoral concentration or distribution of teataiologi
change in Western Europe, we compare the RAH measures of theTHRRland of its most
important component, the technology index. We find that in almost all reesjrthe relative
area under Harberger for the technology index (RAH TCHgdsthan 0.3 and, therefore,
lower than the RAH of the GMPTFP (see Table). It follows that technological progress is
much more broathased across sectors than TFP. To illustrate the entire spectrum of growth
patterns we show theHarberger diagramef two countris. Portugal has the highest RAH
indicator of the GMRITFP and therefore the most mushroom like sectoral growth pattern.
The Netherlands show the lowest RAH indicator and therefore the most yeastih gd-

tern. For these twocounties we showtwo Harberge diagrams, one for the GMHIFP and
onefor the technologicatomponenT CH (Figure3).

While theHarbergerdiagrams of th&SMPI-TFP show clear differences in the ramentration

of growth contributions between both countridee diagrams for theechnology component
(TCH) in Portugal and the Netherlanld®k quitesimilar. TCH diagrams are clast® diag-

nal than GMPITFP diagramssignaling nearly equal contributions of technical change to
growth across industries. As the relative area statistics already madettadf\Hs of the
technology component (TCH) are substantially lower than the RAHs of GMPI Thee-

fore our results for a range of Westerrr@pean countries indicate that technical change, as

1 Source of GATFPs is the EU KLEMS Database
10



the main source of productivity growth, was fairly balanced over industries eft988& and
2005.The only countryfor which this result was not found is the United Kingdd#ere the
RAH of the technology component (0.43) is clearly higher than the RAH of the -GNPI
(0.25) (Table 2). In this country technological change between 1995 and 2005muas

‘mushroom’ likeand concentrated onlianited number of industriesompared to other Eow

pean countries (sdagure4).

Figure 3: Harbergediagrams of GMPI-TFP and its components, 1995-2005
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Figure 4: Harberger diagrams of GMPI-TFP and its components for the UK, 1995-2005
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Our result shed new light on the results of Inklaar and Tim{2@07)and Timmer et al
(2011).Like them, we find ‘mushroorike’ TFP growth pattern foEuropean countries. But
looking attechnological change (TCHa more broadbased pattern is found. Overatiyr
analysis ofproductivity growth in Western Europe between 1995 and 2005 supports a vision
of a broadbased technology driven growth process with little influence of sectdfat-di

ences.
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5 Conclusion

Previous research shewhat TFP growth at the industry level is moread baseth Anglo-
Saxon countrieghan in continental European coues$t Given thatin the context of growth
accounting approache$FPis taken as a proxy faechnologicalprogressthis finding sug-
gess thattechnological progress continental Eropeancountriess confined tdlew sectors
Yet, TFP, measured in the tradition of growth accounimgltimately only a residualThus

it is an open gquestiowhethertechnological progresis really unevenly distributed across
sectors within Europeanaions, orwhetherother unknowrfactors caus¢he unequal distr
bution of TFPs.

The paperaims to address this questiono this end we use the Generalized Malmquist
Productivity Index (GMPI), which allows for the decomposition of TFP intbrtegicad
change, efficiency improvements and scale charagesell as Harberger diagrams in order to
visualize and measure the extent of sectoral divergeibtesanalysis is conducted for nine
continental European countries.

The findings of the paper are asldo¥s: First,our analysis confirmshe presence of large
differences in the sectoral patterns of TFP growth among European countties respect,
our resuls are in line withprevious findingoon TFP growthSecondand in line with the t¢
eratue using Malmquist approacheslecompositiorreveals thathe technology component
explairs large parts of TFP growtkiowever,as shown using the Harberger diagrams and the
area under the Harbergen, almost allEuropean countriesechnological progress imuch
more evenly distributed than TFP across sectostead, we fingtronger sectoral disparities

in both efficiency improvements and scale changes than in the technology complenest.

our results contradidhe interpretation that sectorally contrated TFP growtlidenotessec-
torally concentrated technicalggress, which is in fact much more widespread.

The only European country in which technological change between 1995 and 2005 was much
more ‘mushroom’ like andnore concentrated on a limited number of industries than ghe a
gregatedTFP is the United Kingdonilo test if the UK is actually the sole exception in this
respectthe range of reviewed countries should be expamdédure researchn addition, in

such case# seems tdoe necessarp analyze the specific economic activities for example in
relation to the position in the value chain.
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Appendix

Assets and drawbacks of the Malmquist Approach

Inklaar and Timmef2007)use the classical and wide spread TFP measomre tiie growth
accounting approaabf Jorgenson et a(1987).Hence, TFP growth is the difference between

the real output growth and a weighted growth of inputs. It could be seen as a residuum that
explains that part of the output growth that cannot be explained by input growth. In the
growth accounting framework this TFP growth is equal to technological progitessap-

proach however, goes along with several restrictive assumptions as: (i) tt@hat form
between inputs and outputs is defirexdante and constanélasticitiesare assumeger yeay

(ii) technicd change is Hickseutral; (iii) the production function is characterized by constant
returns to scaleand(iv) no inefficiencies in no respects (neither allocative nor technical) of
DMUs, peoples or sectors due to neoclassical optimizing behavior.

The main advantage of our method to measure TFP growth is the abandonment okthese a
sumptions. Firstly, the data define the shape and the location of the frontieh aiutput

input combination and no functional form is imposed. Hence, technical change does not need
to be Hicks neutral, since the shape and location of the function at-ardpoesn’t depend on

the functional form at. Thirdly, we do not need to assume constant returns to scale. In fact
we do notimpose any assumption regarding returns to scale at all. If the productiomigncti
are described by variable returns to scale, the method will capture that asdtcapture
constant returns to scale. Finally we no longer assume that any DMUnig efticiently at

each point in time. We rather accept that some DMUs are more efficient thanatthere-

tain moment and that each DMU is responsible for its steady, increasing omdeefficien-

cy level.

However, calculating TFP growth using GMPI and DEA is not without drawbacdi$. its
Most of them are related to the DEA: (i) as a deterministic method its estimators are more
heavily affected by outliers than estimators of parametric methods; (ii) tsercldimension
canresult in an upward bias efficiency estimates if the sample does not have enough-obse
vations; and(iii) DEA - as a relative conceptjudges each observations only compared to
those in the sample.

However, these potential drawbaakdy partly apply here. Since we used data basedffi-

cial data collected by national statistical officear data base is controlled for outliers. The
curse of dimensionality is taken into account by choosing a dimension such that vieréave
times as many observations as dimensiéiéet, the prlem remains that our estimatea-di
tance functionslescriberelative distances to a frontier that is defined by the countries in the
sample. Hence, the relative distances might be different if we would includeualtries.
However, this is not possiblévgn the data constras

12 To avoidthe curse of dimnsionality and the resulting wprd bias of DEA estimatorspne should always
have at least three times as many observations as dimensions r(lefimpets + number of outputs) as a
rule ofthumb(Roman 2008)
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Table Al: GMPI and its components

Australia Austria Czech Republic Denmark

NACE | ARES A TEF A TCH A TFP A RES A TEF A TCH A TFP A RES A TEF A TCH A TFP A RES A TEF A TCH A TFP
Pharmaceuticals 244 0,00 0,78% 2,79% 3,58% | -0,75% -0,13% 4,37% 3,48% | -0,11% 1,79% 013% 1,81% | 048% -0,26% 1,98% 2,20%
Office, accounting and computing machinery 30 0,29% 0,75% -1,61% -0,57% | 0,85% -1,04% 1,94% 1,76% | -0,76% 1,55% -1,45% -0,66% | -0,68% -1,96% 1,36% -1,28%
Radio, television and communication equipment 32 1,02% -0,81% -0,17% 0,03% | -0,64% -4,83% 579% 0,32% | -0,03% -157% 0,94% -0,66% 0,00%
Medical, precision and optical instruments 33 0,28% 0,65% 0,63% 157% | -0,50% -0,08% 0,82% 0,24% | -0,35% -0,41% 0,10% -0,66% | -3,11% 1,31% 0,50% -1,30%
Aircraft and spacecraft 353 0,00% -1,93% -0,64% -2,56% | 2,16% -0,08%  3,86% 5,94% | 0,00% 4,75% -0,47%  4,28%
Chemicals excluding pharmaceuticals 24x | -0,59% -0,50% 2,72% 1,64% | -2,47% 0,23% 3,63% 1,38% | 0,14% 1,01% 066% 1,81% | -1,86%  1,53% 153% 1,21%
Machinery 29 -0,31% -2,48% 2,04% -0,75% | 0,06% -0,09% 2,48% 2,45% | 0,02% -0,46% 0,17% -0,27% | -0,51% -1,25% 1,77%  0,02%
Electrical machinery and apparatus 31 -0,11% 0,42% 1,05% 1,35% | -0,38% 0,28% 0,96% 0,86% | -042% 053% -0,77% -0,67% | 0,97% -4,28% 1,24% -2,07%
Motor vehicles, trailers and sei#tnailers 34 -0,33% -1,77% -0,79% -2,89% | 0,01% 1,48% 1,84% 3,33% | 0,04% 6,08% 0,99% 7,11% 0,00%
Railroad equipment and transport equipment 35x -1,29% -2,18% 1,82% -1,64% | 0,86% -1,03% 1,66% 1,49% | -0,03% 4,88% -0,57% 4,28%
Printing, publishing and reproduction 22 -0,42% -1,21% 2,27% 0,64% | -0,57% 0,68% 4,72% 4,83% | 042% -0,76% 2,05% 1,72% | -0,33% -2,93% 3,63% 0,37%
Post and Telecommunication 64 0,63% -2,44% 0,76% -1,05% | -0,05% -1,65% 1,86% 0,17% | 0,36% -4,11% 1,55% -2,20% | -0,35% -1,70% 1,13% -0,91%
Financial intermediation, except insurance etc. 65 0,20% 3,59% 1,00% 4,79% | 0,09% -2,39% 2,06% -0,25% | 0,09% 3,08% 1,06%  4,23% 0,13% 1,58% -0,41% 1,31%
Insurance and pension funding 66 0,11% 195% 3,58% 5,65% | -0,04% -588% 3,35% -2,57% | -0,30% 8,30% -8,84% -0,83% 0,11% 2,11% 0,99%  3,21%
Activities related to financial intermediation 67 -0,01% 0,00% 582% 581% | -1,92% -151% 3,43% -0,01% | 11,84% -9,13% 4,77%  7,49% | -1,37%  0,00% 1,62% 0,25%
Computer and related activities 72 0,14% 1,71% -2,73% -0,89% | 0,58% -3,57% 1,08% -1,91% | 0,09% 6,44% -2,19%  4,33% 0,51% -2,00% 0,90% -0,59%
Research and development 73 -057% 2,34% 0,05% 1,81% | -0,34% -2,51% 0,33% -2,52% | -0,22% 4,81% -0,88% 3,70% 0,30% -0,70% -0,63% -1,03%
Other business activities 74 0,11% 3,72% -1,23% 2,60% | 0,74% -3,61% 0,02% -2,85% | 0,15% 438% -2,17% 2,36% | 1,05% -2,47% 0,21% -1,21%
Health and social works N -0,01% 0,00 0,39% 0,38% | 0,10% -2,38% 0,71% -1,57% | -0,02% 2,82% 0,77% 3,57% 0,06% 0,57% 0,43% 1,06%
Recreational, cultural and sporting activities 92 -0,03% -1,07% 1,45% 0,36% | -0,04% -0,61% 0,49% -0,16% | -0,11%  4,54% 0,52%  4,96% | -0,06% -1,24%  0,00% -1,30%
Food and beverages 15 0,02% -1,10% 2,36% 1,28% | -0,30% -0,87% 2,03% 0,86% | 0,00% -1,17% 1,10% -0,07% | -0,40% -1,05% 1,78%  0,33%
Tobacco 16 091% 2,16% -3,16% -0,10% | -1,53% 3,96% -3,00% -0,57% | 0,03% 2,57% -2,68% -0,08% | 0,26% 1,87%  -4,46% -2,34%
Textiles 17 -0,22% -1,47% 0,05% -1,64% | -0,49% 2,31% 0,96% 2,78% | 0,35% -0,48% -0,10% -0,23% 1,19%
Wearing Apparel, Dressing And Dying Of Fur 18 -0,44% -3,47% 1,07% -2,85% | -0,04% -0,66% 4,61% 3,91% | -0,12% -3,18% 1,57% -1,72% -1,04%
Leather, leather and footwear 19 -0,59% 0,00% 1,36% 0,77% | -1,03% 2,01% 1,22% 2,21% | 0,62% -2,50% 1,06% -0,83% 0,00%
Wood and of Wood and Cork 20 0,05% -0,68% 0,29% -0,33% | -0,05% 0,83% 1,04% 1,82% | 0,15% 0,02% 0,19% 0,36% 0,00%
Pulp, paper and paper 21 -0,37% -0,14% 0,35% -0,16% | -0,36% 1,45% -0,33% 0,77% | -029% 1,38% 0,41%  1,50% 0,00%
Coke, refined petroleum and nuclear fuel 23 0,08% 3,74% 2,98% 6,80% | -593% -1,73% 10,16% 2,50% | -0,25% -14,96% 3,47% -11,74% -37,41%
Rubber and plastics 25 -0,03% -0,28% 1,81% 1,51% | 0,03% 0,91% 1,47% 2,41% | 0,20% 6,25% -0,04% 6,42% 0,04% 0,00% 1,05% 1,09%
Other NonMetallic Mineral 26 -0,17% -0,02% 2,92% 2,73% | -0,17% -0,21% 2,72% 2,35% | -0,07% 154% 2,73%  4,20% | -057% 0,86% 0,91% 1,20%
Basic metals 27 -1,37% -6,29% 3,60% -4,06% | 0,05% 1,35% 3,37% 4,77% | 0,52% 1,66% 1,74% 3,92% 0,00%
Fabricated metal 28 -0,49% 3,69% 1,28% 4,47% | 0,01% 069% 0,85% 1,55% | -0,05% 2,79%  097% 3,70% | -0,41% 0,00% -1,11% -1,52%
Manufacturing re.c. 36 0,16% -1,23% 1,27% 0,21% | -0,17% -0,66% 0,97% 0,15% -2,78% 0,25% 1,04% -1,49%
Recycling 37 0,31% 1,03% -1,07% 027% | 1,29% -0,56% 0,90%  1,64% | -2,63% 2,29% -1,97% -2,32%
Wholesale and Retail trade G 0,04% 032% 0,75% 1,10% | -0,11% -0,02% 0,86% 0,73% | 0,22% 1,15% 083% 2,19% | -0,29% -0,88%  0,92% -0,25%
Hotel and restaurants H -0,03% -0,29% 0,87% 0,55% | -0,01% 0,00% 1,89% 1,87% | 0,11% -2,57% 1,68% -0,78% | -0,07% -2,02% 1,29% -0,79%
Transport and storag 60t63 | -0,01% 0,51% 0,39% 0,88% | -0,04% -0,68% 1,16% 0,44% | 0,36% -1,16% 056% -0,24% | 0,11%  0,47%  2,25% 2,83%
Renting of machinery and equipment 71 0,08% 0,05% -3,13% -2,99% | 0,14% -0,37% -2,12% -2,35% | 0,00% 6,82% -2,74%  4,08% 0,14% -0,26%  -1,51% -1,63%
Sewage and refuse disposal, sanitation etc. 90 0,11% -1,50% 1,68% 0,28% | 0,00 -2,82% 1,82% -0,99% | 0,00% -0,53% 1,99%  1,46% | -058% -0,74% 0,70% -0,62%
Other service activities 93 0,07% -0,54% 0,91% 043% | 0,10% -0,10% 0,61% 0,61% | -0,05% 0,30% 0,63% 0,88% 0,24% 0,62% -0,95% -0,09%
Total TOT 0,16% 0,36% 1,07% 1,58% | 0,07% -1,02% 1,60% 0,65% | 0,03% 2,57% -1,88% 0,71% 0,15% -0,98% 1,39% 0,55%
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Finland Germany Italia Japan
NACE | ARES A TEF A TCH A TFP A RES A TEF A TCH A TFP A RES A TEF A TCH A TFP A RES A TEF A TCH A TFP

Pharmaceuticals 244 0,00% -0,11% -192% 2,69% 0,65% | 0,00% -3,07% 4,18% 1,11% | 0,02% -0,26% 3,86%  3,62%
Office, accounting and computing machinery 30 0,00% -0,03% 0,00% 2,24% 2,21% -0,04% -3,78% -0,57% -4,39% | -0,71% -0,10% -0,08% -0,90%
Radio, television and communication equipment 32 -1,16% 0,000 585% 4,69% | 1,85% 1,55% -0,27% 3,13% | -0,04% -2,72% 2,83% 0,07% | 2,26% 2,82% -1,41% 3,67%
Medical, precision and optical instruments 33 -0,45% 0,00% 1,68% 1,24% | 0,79% 2,45% -1,21% 2,03% 0,51% -2,03% -1,16% -2,68% 0,07% -3,24% 1,69% -1,48%
Aircraft and spacecraft 353 0,00 0,77% 0,06% 0,83% | -0,01% 0,52% 3,12% 3,63%

Chemicals excluding pharmaceuticals 24x | -0,39% -0,48% 2,04% 1,17% | 0,86% -2,34% 2,99% 150% | -0,38% -4,71% 2,83% -2,26% | 0,45% -579% 4,65% -0,69%
Machinery 29 0,74% 0,00 2,79% 3,53% | -0,02% 0,72% 1,67% 2,37% 0,02% -4,36% 3,80% -0,54% | -0,01% -3,04% 3,84% 0,79%
Electrical machinery and apparatus 31 -0,21% 0,00% 1,71% 1,50% | -0,46% 2,31% 058% 2,43% | -1,01% -2,36% 2,47% -0,91% | -2,01% -2,43% 3,0% -1,37%
Motor vehicles, trailers and setnailers 34 0,36% 0,00 0,38% 0,74% | -0,23% 0,00% 2,31% 2,08% -0,03%  -3,19% 2,08% -1,14% | -0,13% 0,44% 1,83% 2,14%
Railroad equipment and transport equipment 35x 0,00% -0,13% 0,43% 0,32% 0,61%

Printing, publishing and reproduction 22 -0,11% -3,26% 4,38%  1,01% | -0,02% -2,96% 3,79% 0,81% | -0,02% -4,14% 3,84% -0,32% | 0,27% -4,60% 3,76% -0,57%
Post and Telecommunication 64 -0,25% 4,50% 0,76% 5,01% | -0,03% 0,00% 2,21% 2,18% 0,38% 0,70% 2,29% 3,37% | -0,02% -1,48% 2,62% 1,13%
Financial intermediation, except insurance etc. 65 0,04% -0,04% -2,57% -2,58% | 0,11% 1,43% 1,40% 2,94% | -0,89% -1,66%  3,13% 0,58% | -0,75% 0,00% 3,80%  3,05%
Insurance and pension funding 66 -0,03% 1,18% -4,23% -3,08% | 0,81% -0,41% 1,94% 2,34% -0,13% 3,07% 4,89% 7,83% | -1,32%  0,00% 2,10% 0,78%
Activities related to financial intermediation 67 0,18% 0,00 2,22% 2,39% | -0,55% 0,00% 4,38%  3,83% 1,48%  -2,53% 4,71% 3,66%

Computer and related activities 72 0,42% 2,90% -1,64% 1,68% | 0,03% -254% 1,29% -1,22% 0,02% -1,32% 1,29% 0,00% | -0,05% -2,41% 1,36% -1,10%
Research and development 73 -0,48% 1,07% -0,32% 0,27% | -1,81% -0,72% 2,77% 0,23% -0,54%  -4,53% 1,48% -3,59% | -0,08% -1,03% 3,31% 2,20%
Other business activities 74 1,16% 059% -0,07% 1,68% | -1,16% -0,56% -0,04% -1,76% | 0,11% -2,02% -1,21% -3,12% | -0,39% 0,19% 0,73%  0,53%
Health and social works N 0,09% -0,45% 0,32% -0,04% | 0,01% -1,37% 2,05% 0,69% -0,10% 0,00% 0,75% 0,66% 0,02% -1,51% 2,22% 0,72%
Recreational, cultural and sporting activities 92 -0,03% -0,52% 1,03% 0,48% | -0,38% -1,19% 1,19% -0,37% | -0,04% -3,70%  1,55% -2,19% | -0,53% 0,13% 2,26% 1,87%
Food and beverages 15 -0,60% -0,07% 1,12% 0,45% | -0,01% -1,23% 2,14% 0,91% -0,01%  -3,06% 2,48% -0,58% | -0,01% -4,89% 2,21% -2,68%
Tobacco 16 -0,01% -1,06% 1,97% 091% | -0,13% -3,57% 1,19% -2,50% | -0,56% 0,00% 6,60%  6,05%
Textiles 17 0,00% 0,03% -0,11% 0,76% 0,68% | 0,01% -257% 0,56% -2,01% | 0,76% -6,11% 1,24% -4,11%
Wearing Apparel, Dressing And Dying Of Fur 18 -1,33% 1,12% -0,13% -0,33% | -0,39% 0,00%  5,08% 4,69% -0,42%  -2,75% 1,47% -1,70% | -0,33% -4,89% 1,74% -3,47%
Leather, leather and footwear 19 -1,29% -1,07% -0,42% 2,63% 1,14% | -2,76% 0,00%  0,32%  -2,44% | -3,39% -3,81% 2,12% -5,07%
Wood and of Wood and Cork 20 -0,04% -1,20% 0,85% -0,39% | -0,03% 1,61% 0,13% 1,71% -0,01%  -0,43% 0,06% -0,38% | -0,02%  0,23% 0,04% 0,25%
Pulp, paper and paper 21 -0,60% 0,00% -0,56% -1,16% | -0,04% -3,01% 1,98% -1,06% | 0,04% -388% 053% -3,31% | -0,85% -2,08% 1,72% -1,21%
Coke, refined petroleum and nuclear fuel 23 0,53% 2,03% 2,85% 5,41% | -0,05% 9,10% 1,84% 10,89% | 0,01% -4,68% 1,25% -3,42% | -0,05%  0,00% 3,65% 3,60%
Rubber and plastics 25 0,22% 0,00 0,81% 1,04% | 0,00% -1,67% 2,48% 0,81% 0,00% -4,57% 2,42% -2,15% 0,00% -1,14% 2,52% 1,38%
Other NorMetallic Mineral 26 -0,99% 0,00% 2,95% 1,96% | -0,05% -3,08% 3,43% 0,30% | -0,01% -3,47% 3,44% -0,03% | -0,02% -4,28% 3,48% -0,82%
Basic metals 27 -0,10% -2,63% 2,68% -0,05% | -0,63% -2,47% 3,89% 0,79% -0,47%  -6,49% 3,12% -3,84% 0,00% 0,00% 4,46% 4,46%
Fabricated metal 28 -0,12% 0,00% -0,65% -0,77% | 0,11% -1,90% 2,62% 0,83% | 0,01% -2,72% 2,54% -0,17% | 0,12% -2,49% 2,61% 0,23%
Manufacturing re.c. 36 0,00% 0,46% -1,39% 1,53% 0,60% -1,44% -493% 3,22%  -3,15%
Recycling 37 2,09% 0,000 0,21% 2,30% | 0,13% -0,51% 0,99% 0,61%

Wholesale and Retail trade G -0,22% 1,46% 1,11% 2,35% | -0,18% 0,00% 0,85% 0,67% | -0,72% -2,78%  1,92% -159% | 0,36% -0,36% 1,99%  1,98%
Hotel and restaurants H 0,07% 0,00 1,08% 1,15% | 0,15% 1,66% 2,05% 3,87% -0,67% -0,17% 0,21% -0,63% | -0,24% 0,71% 1,19% 1,66%
Transport and storag 60t63 | -0,01% 0,00% 1,34% 1,33% | 0,04% 1,23% 0,00% 1,27% | -0,11% -1,04% -0,02% -1,16% | -0,15% 0,86% -0,08%  0,64%
Renting of machinery and equipment 71 0,09% 3,26% -1,68% 1,68% | -2,26% 0,00% 2,32% 0,06% -2,02% 0,00% 4,37% 2,35% | -0,63% 2,09% -0,28% 1,18%
Sewage and refuse disposal, sanitation etc. 90 0,90% -191% 1,00% -0,01% | -0,02% 0,00% 2,12% 2,10% | -0,28% -2,26%  0,23% -2,31% | -0,11% -2,68% 1,84% -0,95%
Other service activities 93 1,12% 1,32% -2,36% 0,08% | -0,73% 0,00% 0,87% 0,14% -0,01%  -1,96% 0,04% -1,93% | -1,74% -0,92% 2,97% 0,32%
Total TOT 0,52% 0,33% 0,49% 1,34% | 0,00% -0,46% 1,72% 1,25% 0,01% -2,10% 1,84% -0,25% | -0,01% 0,10% 1,86% 1,96%
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Korea Netherlands Portugal Slovenia

NACE | ARES ATEF ATCH A TFP A RES A TEF ATCH ATFP A RES A TEF A TCH A TFP A RES ATEF ATCH A TFP
Pharmaceuticals 244 0,44% 237% 655% 9,35% | 0,17% -1,14% 0,57% -0,39% | -0,92% -194% 3,01% 0,15% | -1,21% - 4,39% 1,38%
Office, accounting and computing machinery 30 0,01% -0,22% -0,09% -0,30% | -0,05% -7,67% 2,01% -571% 2,09% -4,14% 0,31% -1,73% 0,19% - 1,98% -3,72%
Radio, television and communication equipment 32 1,61% 2,54% -0,41% 3,74% | 0,03% -10,25% 3,73% -6,49% | 0,00% -9,65% 6,36%  -3,29% 0,00%
Medical, precision and optical instruments 33 0,74% -0,33% -1,00% -0,58% | -0,55% -0,30% 1,89% 1,04% -8,80% 8,64% -1,13% -1,29% | -0,22% 0,00% -4,70% -4,91%
Aircraft and spacecraft 353 0,00% 1,16% -0,57% 0,59% 0,00% 0,92% -0,42%  0,49% 0,00%
Chemicals excluding pharmaceuticals 24x 0,04% 1,23% 2,64% 3,92% | -0,26% -1,33% 3,50% 1,91% | -0,70% -2,56% 3,25% -0,01% | -2,70% 0,00% 2,51%  -0,19%
Machinery 29 0,01% 1,61% -0,45% 1,17% | -0,52% 0,32% 1,98% 1,78% -0,64% 0,85% 2,51% 2,71% 0,00%
Electrical machinery and apparatus 31 1,83% -0,16% -1,15% 0,52% 0,35% -153% 0,35% -0,83% | 1,50% - 1,02%  -3,77%
Motor vehicles, trailers and seitnailers 34 0,81% 1,34% -0,74% 1,40% | 0,02% 3,41% 1,66% 5,10% -0,43% 2,37% 1,57% 3,51% -1,97% 0,10% 1,51% -0,36%
Railroad equipment and transport equipment 35x -0,04% 1,17% -0,54% 0,59% -2,21% 0,73% 2,25%  0,77% -
Printing, publishing and reproduction 22 -0,06% -4,45% 1,45% -3,06% | -0,16% -1,53% 3,98%  2,29% 1,18%  -568% 2,18% -2,32% 0,00%
Post and Telecommunication 64 -1,75% 0,64% 0,86% -0,25% | -0,04%  0,99% 2,12% 3,07% -0,57% -0,15%  1,74% 1,01% -1,06% 0,00 0,27% -0,79%
Financial intermediation, except insurance etc. 65 0,01% 3,70% 3,73% 7,44% | -0,19% 1,12%  2,55% 3,48% 0,10% 1,80% 2,09%  3,99% | -1,10% 0,00% -2,92% -4,02%
Insurance and pension funding 66 -0,98% 3,17% 3,75% 5,94% | -0,04%  0,00% 525% 5,21% -0,81% 1,77% 2,58% 3,54% -0,89% 0,00 -5,40% -6,30%
Activities related to financial intermediation 67 -1,07% 0,00% 7,48% 6,41% | 0,35% -0,71% 530% 4,94% | -0,04% -181% 350% 1,65% | -0,09% 0,00% -7,94% -8,03%
Computer and related activities 72 0,18% -3,57% 1,26% -2,13% | 0,17% 2,07% 0,03% 2,27% 0,06% 0,87% 0,61% 1,54% 4,22% 0,00% -1,61% 2,61%
Research and development 73 -0,75% -5,15% 3,40% -2,50% | -1,08%  0,00% 1,00% -0,09% | -0,15% 0,00% 1,80% 1,65% -0,08% 0,00 1,70% 1,62%
Other business activities 74 0,22% -1,17% 0,25% -0,70% | 0,12% 1,19% -0,53% 0,78% 0,71%  -2,98% 0,29% -1,98% | 1,42% 0,00% 2,60% 4,01%
Health and social works N 0,29% 0,23% 0,70% 1,23% | 0,06% 0,30% 0,90% 1,26% -0,19% -0,14%  0,72% 0,39% -1,29% 0,00% 0,84% -0,46%
Recreational, cultural and sporting activities 92 0,08% -0,23% 183% 1,69% | 0,05% 065% 1,56% 2,26% 0,05% 4,20% -0,12% 4,13% | 0,82% 0,00% 1,51% 2,32%
Food and beverages 15 0,00% -1,33% 1,80% 0,47% | -0,18% -0,46% 2,17% 1,52% 0,05% 0,04% 0,94% 1,02% -2,95% 0,00 -1,27% -4,21%
Tobacco 16 0,42% 1,37% -1,34% 0,45% | 0,04% 1,99% -1,72% 0,31% 1,11% 3,37% -3,45%  1,02%
Textiles 17 0,71% -1,19% -0,36% -0,83% | -0,56% 0,00% 0,56% 0,00% 0,20% 1,13% 0,84%  2,16% | 1,29% - 1,52%  -1,35%
Wearing Apparel, Dressing And Dying Of Fur 18 0,07% -1,87% -0,64% -2,44% 0,15% 1,77% 0,25% 2,17% -0,78% - -0,29%  -2,01%
Leather, leather and footwear 19 0,36% -0,29% 0,74% 0,81% | -3,86% 0,00% 4,75% 0,89% 0,12% 3,13% -1,09% 2,17% | 0,57% - 1,91%  -1,37%
Wood and of Wood and Cork 20 0,17% 2,09% 0,14% 2,41% | 0,11% 0,00% -0,10% 0,01% -0,30% 3,39% -0,01%  3,08% 0,00%
Pulp, paper and paper 21 -0,10% -4,89% 1,94% -3,06% | -0,11% 0,39% 0,40% 0,68% | -182% -0,81% 0,31% -2,33% 0,00%
Coke, refined petroleum and nuclear fuel 23 -0,04% 8,15% 2,73% 10,85% | -0,86%  9,53% 2,72% 11,39% | -15,44% 19,74% 26,56% 30,86% 0,00%
Rubber and plastics 25 0,00% 4,52% -0,09% 4,43% | -0,03% -2,06% 1,64% -0,45% 0,04% -1,11%  1,56% 0,49% 5,03% 0,00% -3,75% 1,28%
Other NonrMetallic Mineral 26 -0,08% 1,27% 3,41% 4,60% | -043% -3,08% 257% -094% | -027% -412% 2,70% -1,69% 0,00%
Basic metals 27 1,15% 2,78% 3,39%  7,32% | -0,24%  0,00% 4,10%  3,86% -1,01% -0,58% 1,50% -0,08% | -4,91% 3,79% 4,41% 3,29%
Fabricated metal 28 0,01% 191% 1,79% 3,70% | 0,00% -0,45% 1,37% 0,92% | -0,06% 1,70% -1,76% -0,12% | 0,08% 7,87% -4,65%  3,30%
Manufacturing re.c. 36 1,73% -2,15% 1,64% 1,21% | -0,03%  0,00% 1,83% 1,80% -0,56% 0,00%  -2,92% -3,49% | -1,29% 4,72% 1,11% 4,54%
Recycling 37 -1,24% 043% 2,63% 1,82% | -0,73%  0,00% 0,32% -0,41% | 050% 3,94% -0,31% 4,13%
Wholesale and Retail trade G -0,01% 0,00% -0,20% -0,20% | -0,17% 0,07%  2,05% 1,95% 0,12%  -1,92% -0,30% -2,09%
Hotel and restaurants H -1,37% -2,89% 0,88% -3,38% | -0,02%  0,00% 2,02% 2,00% 0,03% 0,00% 1,80% 1,83% 0,22% 0,00% 2,59% 2,81%
Transport and storag 60t63 | -0,03% -2,21% -0,97% -3,21% | -0,04% 056% 0,67% 1,20% 047%  -1,74% 1,33%  0,05% 0,00%
Renting of machinery and equipment 71 -0,02% 0,62% -1,85% -1,25% | 0,05% 0,86% -1,42% -0,50% | -0,11% -1,37% -1,37%  -2,86% 0,00%
Sewage and refuse disposal, sanitation etc. 90 0,02% -0,26% 1,94% 1,69% | 0,01% 0,08% 1,95% 2,04% 0,25%  -0,41% 151% 1,35% | 4,52% 0,00% -0,85%  3,66%
Other service activities 93 -0,12% -0,43% 2,00% 1,45% | 0,01% 0,00% 1,41% 1,41% 0,35% 1,41% 1,15% 2,92% 0,00%
Total TOT 0,02% 1,27% -1,64% -0,35% | 0,06% -0,07% 1,72% 1,71% 0,15% -0,74% -1,96% -2,54%
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Sweden United Kingdom USA
NACE | ARES A TEF A TCH A TFP A RES A TEF A TCH A TFP A RES A TEF A TCH A TFP

Pharmaceuticals 244 | -0,29% -1,92% 5,62% 3,41% | -0,06% -2,85% 4,54% 1,63% | -0,09% 0,009  3,02% 2,93%
Office, accounting and computing machinery 30 -0,15% 2,18% -0,46% 1,57% | -0,03% -0,20% -0,17% -0,39% | -1,12%  0,00% 0,57% -0,55%
Radio, television and communication equipment 32 -1,47% 0,51% 5,79% 4,83% | -0,77% -2,36% 2,071% -1,07% | -0,01% 0,00% 1,27% 1,26%
Medical, precision and optical instruments 33 0,38% 1,89% -0,29% 1,98% | 0,39% 1,22% -1,08% 0,54% | -0,01% 0,00% 2,49% 2,49%
Aircraft and spacecraft 353 -0,01% 0,99% -0,49% 0,50% 0,00% 0,00% 3,12% 3,12%
Chemicals excluding pharmaceuticals 24x -0,97% -1,51% 0,70% -1,77% | -0,36% -1,98% 2,67% 0,33% | -0,39% 0,00%  4,96% 4,58%
Machinery 29 -0,23% -1,38% 2,36% 0,75% | 0,08% 1,96% -0,28% 1,77% | -0,02%  0,00% 3,85% 3,82%
Electrical machinery and apparatus 31 -0,10% 0,33% 1,34% 157% | 0,09% 0,99% -0,92% 0,15% | -1,47% 0,00%  3,10% 1,63%
Motor vehicles, trailers and setnailers 34 -0,09% -2,30% 1,17% -1,22% | -0,01% -0,97% 0,88% -0,10% | -0,42%  0,00% 1,25% 0,83%
Railroad equipment and transport equipment 35x -0,45% 0,89% 0,72% 1,16% | 0,00%  0,00%  1,06% 1,06%
Printing, publishing and reproduction 22 -0,27% -2,31% 4,26% 1,68% | -0,05% -1,26% 2,55% 1,23% | -0,01% 0,00%  3,74% 3,74%
Post and Telecommunication 64 -0,18% -1,09% 1,93% 0,66% | 0,96% -0,54% 0,64% 1,06% | -0,37%  0,00% 3,69% 3,31%
Financial intermediation, except insurance etc. 65 -0,18% 0,000 1,97% 1,80% | 0,09% 1,76% 3,42% 527% | -1,80% 0,00%  4,24% 2,44%
Insurance and pension funding 66 -0,03% -2,98% 3,80% 0,79% | 1,27% -0,87% 1,85% 2,25% | -0,41%  0,00% 2,81% 2,40%
Activities related to financial intermediation 67 -0,92% -3,87% 3,89% -0,90% | -0,20% 0,23% 4,61% 4,65%

Computer and related activities 72 0,16% 2,36% 1,16% 3,68% | 0,03% 4,10% -1,23% 2,90% | -585% 0,00% 7,16% 1,31%
Research and development 73 -1,05% 2,37% 1,32% 2,64% | 0,28% 0,000 0,71% 0,99% | -587% 0,00% 5,80% -0,07%
Other business activities 74 031% 1,17% 057% 2,05% | 0,03% 4,79% -2,64% 2,19% | -4,02% 0,00%  4,29% 0,28%
Health and social works N -0,01% 0,000 0,53% 0,52% | -0,22% 0,00% 2,48% 2,26% | -1,57% 0,00% 3,80% 2,22%
Recreational, cultural and sporting activities 92 1,11% -0,32% 0,99% 1,78% | -0,47% 1,27% 1,76% 2,56% | -2,44% 0,00%  4,43% 1,99%
Food and beverages 15 -1,05% -1,52% 1,86% -0,72% | 0,05% -0,85% 2,00% 1,19% 0,00% 0,00% 2,55% 2,54%
Tobacco 16 -0,07% 2,12% -0,85% 1,20% | -0,01% 0,00%  2,26% 2,25%
Textiles 17 -1,49% -0,80% 1,92% -0,37% | 0,41% 095% 1,15% 2,50% | 0,04% 0,00% 1,36% 1,40%
Wearing Apparel, Dressing And Dying Of Fur 18 0,00% 0,07% 0,69% 2,98% 3,74% | -0,11% 0,00% 1,66% 1,55%
Leather, leather and footwear 19 -3,10% 0,04% 0,00% 2,24% 2,28% | -1,75% 0,00%  2,92% 1,17%
Wood and of Wood and Cork 20 0,01% 2,08% 1,05% 3,14% | 0,03% 2,77% 0,10% 2,90% | -0,01% 0,00% 0,46% 0,45%
Pulp, paper and paper 21 0,03% -3,47% -0,49% -3,92% | 0,23% -0,69% 1,65% 1,19% | 0,02% 0,00%  2,67% 2,68%
Coke, refined petroleum and nuclear fuel 23 0,89% -584% 3,12% -1,83% | -0,01% -7,13% 2,74% -4,41% | 0,48% 3,00% 7,78% 11,27%
Rubber and plastics 25 0,08% -1,03% 1,47% 0,52% | -0,02% 2,68% -0,10% 2,57% 0,00% 0,00% 2,53% 2,53%
Other NorMetallic Mineral 26 0,98% -1,59% 1,73% 1,12% | -0,10% -3,71% 3,02% -0,79% | 0,00%  0,00%  3,50% 3,50%
Basic metals 27 -0,14% -4,70% 2,04% -2,80% | 0,31% -1,67% 1,68% 0,33% | -0,37% 0,00% 4,27% 3,90%
Fabricated metal 28 -0,49% -2,80% 1,22% -2,06% | 0,02% -1,49% 1,98% 0,51% | -0,25% 0,00%  3,47% 3,23%
Manufacturing re.c. 36 -0,30% -1,84% 0,61% -152% | 0,44% -0,92% 1,60% 1,12% | -1,62%  0,00% 3,32% 1,70%
Recycling 37 -0,07% -1,74% -0,01% -1,83% | -3,56% 0,00% 3,33% -0,22%

Wholesale and Retail trade G -0,28% 0,41% 1,24% 1,38% | -0,46% 1,13% 166% 2,33% | -068% 0,00% 2,67% 1,99%
Hotel and restaurants H 0,03% 0,15% 1,52% 1,69% | 1,06% 0,84% 0,07% 1,97% | -1,35% 0,00% 3,12% 1,77%
Transport and storag 60t63 | 0,61% -0,44% 1,23% 1,40% | -0,01% -0,52% -0,01% -0,54% | -0,87% 0,00% 0,75%  -0,13%
Renting of machinery and equipment 71 0,04% 3,99% -2,11% 1,92% | 0,00% 4,86% -3,19% 1,67% | -2,95% 0,00% 1,02% -1,93%
Sewage and refuse disposal, sanitation etc. 90 0,26% 0,00% 2,08% 2,34% | 0,00 1,16% 1,81% 2,97% | 0,000 0,00%  2,38% 2,38%
Other service activities 93 0,49% 0,00 1,34% 1,83% | -0,03% 1,70% 1,18%  2,85% | -0,99%  0,00% 2,97% 1,98%
Total TOT -0,66% 0,14% 0,49% -0,02% | -0,07% 1,46% -0,85% 0,54% | -0,84%  0,00% 2,71% 1,88%
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