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Productivity studies: Stylised Facts

I ∃ Productivity differences within even very narrowly defined
industries

I Higher productivity producers are more likely to survive
(creative destruction Jovanovic 1982, Dosi Nelson 2010)

I Components of firm level determinants of productivity
(Syverson 2011):
I Competition, Sunk costs;
I Innovation, technology spill-overs;
I Organizational structures/managerial skills/human capital,

etc.;

I The relative importance of each of these factors is still unclear

I ∃ role of reallocation of economic activity (market shares
and/or factors of productions) towards higher productivity
producers -> aggregate productivity growth (Dosi et. al 2015;
Dosi & Grazzi 2006)
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Productivity catch-up: Firm, Sector and Country
determinants (I)

Firm level determinants

I Productivity Growth:

I ”within” (productivity growth at a given plant/firm)
I ”between” (reallocation based on selection across existing

business, entry & exit)

I There is increasing evidence that within industry reallocation
is shaping changes in industry average aggregates (Dosi in
Malerba Brusoni (ed.s) 2007).
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Productivity catch-up: Firm, Sector and Country
determinants (II)

Sector level determinants

I Lee (2013) shows that catch-up is more likely in sectors with
short technology cycles as measured by patent citations

I Jung and Lee (2010) show that Korea’s catch-up towards
Japan is more likely to occur in sectors where technologies are
more explicit by being more embodied in imported machinery
and equipment (e.g. electronics) than in sectors where
knowledge is dispersed across several technologies (e.g.
automotive, fashion)...

I ... and the sector level catch up is key, whereas the firm level
catch up is minimal

I However, firm level variables are important in explaining
intra-national catch up (and not only!)
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Productivity catch-up: Firm, Sector and Country
determinants (III)

Country-level determinants of Catching-up

I Technology gap approach: technology and technical
knowledge are difficult and costly to transfer (Fagerberg,
1994);

I TFP growth for developing countries that are relatively close
to the technology frontier is likely to be significantly boosted
by technological diffusion from the frontier countries (Savvides
and Zachariadis, 2005; Sabirianova, Svejnar, Terrell 2005);

I The ability of country to catch up is function of its absorptive
capacity and its innovative capability (Castellacci, 2011,
Bruno, Campos Estrin 2018, Radosevic 2010).
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Exploring multilevel determinants of productivity gap

Research Questions

1. Research Question: Which of these determinants play a more
important role in explaining the productivity gap(s)?

2. Research Question: Do these determinants operate differently
in closing productivity gap far-away from the technology
frontier (imitation/embodied technology investment-led
strategy) as compared to close to the technology frontier
(research and development, innovation-led strategy)?

3. Research Question: how do the two strategies interact?
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European Union Catching-up? ... or falling behind

I There is a lack of convergence in labour productivity across
Europe (Filippetti and Peyrache, 2013)

I ∃ a strong differentiation amongst low and medium-income
EU economies (Landesmann et al, 2015): the emerging EU
North-South divide is reflected in EU-South excessive low-tech
bias, premature de-industrialization, and declining export
shares

I Breakdown of the EU as ”convergence machine” (World Bank
2012). Therefore, we need a new growth and integration
model (ISIGrowth.eu Dosi et al., EURO-2-2014 H2020)
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Direct and indirect R&D intensity varies across different
income levels
A comparison of three countries
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Within our period of exploration (2004-2013): Secular
decline in productivity
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Growth of Total Factor Productivity in EU28 economies -
average of two periods: Decline in North and South and
divergence in the CEE
Source: The Conference Board Total Economy Database, April 2019
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Falling behind technology frontier (cf. US) (average TFP
rates)
Source: The Conference Board Total Economy Database, April 2019
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Can we reconcile all these findings? (I)

Multilevel perspective 1

I Productivity studies tend to focus on either micro, meso
(sector-level or regional-level) or macro perspectives

I A multilevel perspective in the context of cross-firm,
cross-sectors, cross-region studies has emerged (e.g.
Bartelsman, Haltiwanger and Scarpetta, 2013), i.e. the
importance of contextual variables for our understanding of
productivity differences at different level of aggregation (e.g.
van Oort et al., 2012).

I Here we use Amadeus data: 15 EU for 2005-2012;

I We decompose the total gap into firm-sector gap and
sector-EU gap to study the differential effect of
multi-contextual environment and multi-level on each of them.
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Technology Frontier

Dosi Freeman Nelson Silvenberg Soete 1988

I The closer an economy is to the technology frontier, the
higher the relative importance of innovation as a source of
productivity growth

I The further away is an economy from the technology frontier,
the higher the relative importance of imitation as a source of
productivity growth:

I Selection of high skilled entrepreneurs and firms is more
important for innovation than for adoption

I Investment-based strategy (long term-relationships, high size
and age of the firm) is ’good-enough’ if far from the frontier

I Closer to the technology frontier , there is less room for
copying and adoption -> equilibrium switch to innovation
based strategy

I The switch might occur too early or too late, though. Lack of
cacth-up!
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Empirical Strategy

Multilevel

I We adopt a Sectoral decomposition based on technology
intensity in manufacturing (deflated at 2-digit PPI index):

I Computing (NACE 26, high-tech);
I Chemicals (NACE 20, medium-high tech);
I Manufacturing of Basic Metal (NACE 25, medium-low tech);
I Food (NACE 10, low tech);

I Labour productivity and Total Factor Productivity
estimations:
I On the latter, Foster, Haltiwanger and Syverson

(2008)approach as TFP as the residual from a 4-digit sector
estimation at the EU level;

I EU industry level frontier:
I Jung and Lee (2010), EU industry level frontier in a specific

4-digit sector
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Sample

Amadeus and World Input-Output Database

I Amadeus database, firm level in four manufacturing sectors:
I Computing obs. 20.479; Chemical obs. 25.147; Manufacturing

of Basic Metal obs. 16.617; Food obs. 81.666.
I Firm size (employment); Firm age & age2

I Sectoral:

I Industry concentration within Country and EU market
(separately);

I Embodied vs. dis-embodied R&D:

I Embodied: WIOD weights at 2 digits/country/year level times
OECD taxonomy of economic activities based on R&D
intensity (as percentage of GVA):
Embodiedjct = ωs1jct ∗ R&Ds1 + . . . + ωsn jct ∗ R&Dsn

I own R&Djct as percentage of GDP at 2 digits/country/year
level (ANBERD OECD database)
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Average Gap Firm-Max TFP weighted by shares of
countries in the sample
Source: Amadeus, WIOD, ANBERD
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Own R&D and embedded R&D intensity in four sectors,
EU28, 2007-2013
Source: Amadeus, WIOD, ANBERD country-sector averages
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We calculate the gaps as follows

1. We calculate the 75th percentile of the LP or TFP for every
country, every year, every 4-digit sector;

2. We calculate the maximum of the 75th percentile from the
previous step: we are looking for the leader (one country) in
every year/4-digit sector pair , i.e. the sector-time specific
European frontier.

3. After that we calculate two GAPS:
I Firm - sector: LP or TFP for each firm minus the 75th

percentile from step 1, i.e. in a particular country / sector/
year;

I Firm - Max: LP or TFP for each firm minus the maximum
from step 2, i.e. sector/year leader.
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We focus on the total gap in this presentation

We call the gap Firm-max

I TF Productivity gap (being i firm, j sector, t year, c country):

I log(TFPGAP
ijt ) = log [(TFP)ijt ]− EU frontier

jt

I EU frontier
jt = maxc log(TFPcjt)

75th
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Computing Gaps Distributions
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Chemical Gaps Distributions
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Metal Gaps Distributions
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Food Gaps Distributions
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Exploring multilevel determinants of productivity gap

Variables

I Multi-level determinants:
I Industry determinants:

I Own disembodied and external embodied technology: Direct
and ”indirect” R&D investments;

I Industry concentration (within sector-year-country vs. within
sector-year-EU);

I Firm-level determinants:
I Size;
I Age;
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Firm Fixed Effect Model

I log(GAPijt) = β0 + log(β1Xit−1) + log(β2Zjt−1) +
β3log(Embodiedcjt−1) + β4log(RDcjt−1) +
β5log(Embodiedcjt−1) ∗ log(RDcjt−1) + Dt + Di + εijt

I Xit firm level variables (time-variant variables);
I Zjt sector level variables;
I Embodiedcjt 2-digit weighted R&D inputs (WIOD) as

percentage of GVA.
I RDcjt 2-digit own R&D inputs (ANBERD) as percentage of

GDP.
I Firms fixed effects Di

I Time Firms fixed Dt

I εijt idiosyncratic error.
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Table 1
Fixed Effects Model (non-weighted sample)

1 
 

Fixed Effects Model (non-weighted sample) 

 (1) (2) (3) (4) 

Dep: TFP GAP NACE 26 
Computing 

NACE 20 
Chemicals 

NACE 24 
Basic Metals 

NACE 10 
Food 

Ln # 
employees(firm)(t-1) 

0.0187+ 0.0201 -0.0136 0.0417*** 

 (0.0108) (0.0146) (0.0159) (0.00699) 

     

Age 0.00715* -0.0413*** -0.0284*** -0.0363*** 

 (0.00364) (0.00308) (0.00420) (0.00200) 

     

Age2 -0.0000550+ 0.0000633* 0.000116** 0.000137*** 

 (0.0000281) (0.0000282) (0.0000402) (0.0000221) 

     

Ln Concentration 
(Country-4digit)(t-1) 

-0.640*** -0.225* -0.300** 0.762*** 

 (0.104) (0.0903) (0.114) (0.0549) 

     

Ln Concentration 
(EU-4digit)(t-1) 

1.487*** -0.0459 1.007*** 0.832*** 

 (0.137) (0.0697) (0.130) (0.0602) 

     

Lumpiness 
dummy(firm)(t-1) 

-0.00981 0.00117 0.00962 0.00806+ 

 (0.00663) (0.00700) (0.00895) (0.00460) 

     

Ln Own 
R&D(Sector)(t-1) 

0.641*** 1.063*** 0.971*** 10.29*** 

 (0.113) (0.172) (0.280) (0.411) 

     

Ln Embedded 
R&D(Sector) (t-1) 

0.803*** 0.812*** -0.0449 2.485*** 

 (0.138) (0.136) (0.103) (0.129) 

     

Ln Own R&D(Sector) 

(t-1) 
Interacted 

Ln Embedded 
R&D(Sector) (t-1) 

-0.323*** -0.727*** -0.891** -11.88*** 

 (0.0556) (0.114) (0.286) (0.504) 

     

Cons -2.762*** -0.933*** -0.160 -2.804*** 

 (0.286) (0.216) (0.162) (0.103) 

R2 0.801 0.777 0.730 0.783 

N 20479 25147 16617 81666 
Clustered standard errors in parentheses + p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001. Full set of time 

dummies accounted for. A positive coefficient entails a reduction of the gap.  
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Table 2
Fixed Effects Model (weighted sample)

1 
 

Fixed Effects Model (weighted sample) 

 (1) (2) (3) (4) 

Dep: TFP GAP NACE 26 
Computing 

NACE 20 
Chemicals 

NACE 24 
Basic Metals 

NACE 10 
Food 

Ln # 
employees(firm)(t-1) 

0.0168 0.00669 -0.0193 0.0233** 

 (0.0104) (0.0134) (0.0201) (0.00745) 

     

Age(firm) 0.00338 -0.0392*** -0.0241*** -0.0361*** 

 (0.00362) (0.00310) (0.00431) (0.00228) 

     

Age(firm)2 -0.0000521* 0.0000497 0.000107* 0.000148*** 

 (0.0000255) (0.0000303) (0.0000444) (0.0000243) 

     

Ln Concentration 
(Country-4digit)(t-1) 

-0.552*** -0.485*** -0.870*** 0.604*** 

 (0.0975) (0.0917) (0.137) (0.0592) 

     

Ln Concentration 
(EU-4digit)(t-1) 

1.468*** -0.0112 1.181*** 0.957*** 

 (0.136) (0.0655) (0.147) (0.0622) 

     

Lumpiness 
dummy(firm)(t-1) 

-0.00380 -0.00719 0.00829 -0.00206 

 (0.00654) (0.00703) (0.00979) (0.00453) 

     

Ln Own 
R&D(Sector)(t-1) 

0.663*** 0.780*** 0.256 10.62*** 

 (0.120) (0.163) (0.315) (0.468) 

     

Ln Embedded 
R&D(Sector) (t-1) 

0.792*** 0.605*** -0.214+ 2.669*** 

 (0.154) (0.137) (0.115) (0.142) 

     

Ln Own 
R&D(Sector) (t-1) 

Interacted 
Ln Embedded 
R&D(Sector) (t-1) 

-0.347*** -0.565*** -0.301 -13.40*** 

 (0.0612) (0.114) (0.313) (0.611) 

     

Cons -2.588*** -0.443* 0.261 -2.595*** 

 (0.320) (0.218) (0.196) (0.120) 

R2 0.799 0.777 0.702 0.794 

N 20479 25147 16617 81666 
Clustered standard errors in parentheses + p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001, Full set of firm 

level and time level fixed effects accounted for. A positive coefficient entails a reduction of the gap. 
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Clustered standard errors in parentheses + p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001, Full set of firm 

level and time level fixed effects accounted for. A positive coefficient entails a reduction of the gap. 
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Stylized path of technology upgrading in CEECs: share of
R&D components in % of GDP
(Radosevic (2010) and Reinstaller and Unterlass (2010))
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Robustness I

Measurement and Estimators

I Labour productivity and TFP;
I Multilevel as well as Firm Fixed Effects, i.e. fully accounting

for any residual (time-invariant) un-observed heterogeneity
due to location, sector, distance, etc. (e.g. Bruno Magazzini
Stampini 2019):
I unweighted
I weighted (European firms demography from Eurostat sampling

accounting)

I Three different measures of Embodied R&D (within country,
within EU, from the globe);

I Two sub-components of the total firm-EU frontier gap;
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Robustness II: Empirical Modeling as Multilevel

Multilevel Estimator

I log(GAPijt) = β0 + log(β1Xit−1) + log(β2Zjt−1) +
β3log(Embodiedcjt−1) + β4log(RDcjt−1) + β5log(Embodied) ∗
log(RDcjt−1) + SouthEastDc + Foreigni + Dt + µijt

I Xit firm level variables (including two time-invariant variables)

I Zjt sector level variables

I Embodiedcjt 2-digit weighted RD inputs (WIOD) as
percentage of GVA

I RDcjt 2-digit own RD inputs (ANBERD) as percentage of
GDP

I SouthEastDc , Foreigni , Dt

I εijt being composed by country level errors, sector within
country level errors, firm within sector-country level errors as
well as idiosyncratic error
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Conclusions I

Firms are more likely to step-up towards the EU-frontier:

I if bigger in size (see Jovanovic 1982);

I if younger in Computing and Chemical and (to a certain
point, U shaped) in Metal and Food;

I if present in sectors whose concentration is lower at country
level (with the exception of food) and higher at EU level (with
the exception of Chemical);

Time dummies

I clear downturn in 2007;
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Conclusions: The role of technology

Technology: the direct impact

I Own R&D at the sectoral level is a significant determinant of
closing productivity gap: e.g. if R&D increases by 10
percentage points in computing, those firms are moving along
the gap an average of 36% !...and this is lower bound of the
effect for chemical/metal/food (without accounting for the
interaction, though);

I Also embodied R&D (domestic and imported from EU) plays
a role in closing the gap: e.g. if embodied R&D increases 10%
in computing, those firms are moving along the gap an
average of 2.3%. The effect if somehow stronger for
chemical/metal/food (without accounting for the interaction,
though).
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Conclusions: The role of technology (c.ed)

Technology: the interaction effect

I The interaction of the Own R&D with the embodied R&D is
associated with a negative contribution towards efficiency
improvement along the gap;

I Computing: all about own R&D: lock-in at low-low (late
switch trap)

I Chemical: it is mainly about embodied technology: lock-in at
high-high (early switch trap) even if high owned R&D is
beneficial

I Metal: embodied technology
I Food: there is a clear lock-in at low-low and benefits at high

levels of Own R&D
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Conclusions III

I Multilevel perspective offers new and robust important
insights into the nature of catching up in the European Union;

I By and large our results support structural interpretation of
the productivity catch up in the EU:

I In the literature the EU gap vis-a-vis the US is explained by
low share of ICT-related sectors, with high R&D activity. The
gap is mainly described by inter-sectoral differences (van Ark
et al. 2008 JEP);

I What we find is that also our results show that inter-sectoral
differences play a key role in explaining the slowing down of
catching -up within the EU economies.

I Own R&D at the sectoral level and embodied R&D (domestic
and imported from EU or the globe): importance of coupling
of own R&D effort with international technology transfer.

I Productivity improvements in production via
adoption/assimilation of imported technology could spur
productivity.
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Variables Definitions
Source: Amadeus, WIOD, ANBERD

1 
 

 

Variable Variable 

Description(time) 

Variable Details Source 

Productivity gap of the firm TFP GAP /Ln(Firm-

TFP)-Ln(EU-

frontier)-4Digit(t)/ 

Three Steps procedure: see 

section 3  

Authors 

computation 

using Amadeus 

BvD 

Number of employees Number of 

Employees (t) 

Number of firm's employees Amadeus BvD  

No of recorded subsidiaries Number of 

Recorded 

Subsidiaries (last 

available year) 

Number of the firm's subsidiaries Amadeus BvD  

Age Age (t) Number of years the firm has 

been operating 

Authors 

computation 

using Date of 

Incorporation  

Concentration Index within a 4-

digit domestic sector 

Concentration Index 

(t) 

Market Share of the top four firms 

(turnover) in each sector (based 

on 4-digit NACE rev.2) in each 

country  

Authors 

computation 

using Amadeus 

BvD  

Concentration Index within a 4-

digit European Union sector 

Concentration Index 

EU (t) 

Market Share of the top four firms 

(turnover) in each sector (based 

on 4-digit NACE rev.2) across the 

whole EU 

Authors 

computation 

using Amadeus 

BvD  
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Variables Definitions
Source: Amadeus, WIOD, ANBERD

1 
 

 

Variable Variable 

Description(time) 

Variable Details Source 

Own R&D as % of Business 

Production 

Own R&D (t) Percentage of Business 

production value spend on R&D.  

BERD Eurostat 

(NACE2) 

Embedded R&D as % of Gross 

Value Added 

Embedded R&D (t) R&D imported from other 

technology-weighted sectors in 

the EU (including domestic) as a 

percentage of Gross Value 

Added 

BERD Eurostat 

combined with 

WIOD 

(NACE2) 

Dummy Variables    

Lumpiness Dummy Spike dummy (time-

variant) 

"1" if the previous year 

investment capital ratio exceeds 

20%, "0" otherwise 

Authors 

computation 

using Amadeus 

BvD  

EU South East dummy EU South-East 

dummy (fixed) 

Dummy variable equal to "1" if the 

country is located in eastern or 

southern Europe, "0" otherwise 

Authors 

computation 

using Amadeus 

BvD 

Foreign Ownership Foreign Owner 

dummy (last 

available year) 

Dummy variable equal to 1 if the 

firm has a foreign owner, 0 

otherwise 

Authors 

computation 

using Amadeus 

BvD  
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