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

» Components of firm level determinants of productivity
(Syverson 2011):

» Competition, Sunk costs;

» Innovation, technology spill-overs;

» Organizational structures/managerial skills/human capital,
etc.;

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

» 3 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 (1)

Firm level determinants
» Productivity Growth:
> “within" (productivity growth at a given plant/firm)
> "between” (reallocation based on selection across existing
business, entry & exit)
» 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
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Sector level determinants

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

» 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)...

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

» However, firm level variables are important in explaining
intra-national catch up (and not only!)
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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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» There is a lack of convergence in labour productivity across
Europe (Filippetti and Peyrache, 2013)

» H 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

» 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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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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productivity differences at different level of aggregation (e.g.
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Empirical Strategy

Multilevel

» We adopt a Sectoral decomposition based on technology
intensity in manufacturing (deflated at 2-digit PPl index):
» Computing (NACE 26, high-tech);
» Chemicals (NACE 20, medium-high tech);
» Manufacturing of Basic Metal (NACE 25, medium-low tech);
> Food (NACE 10, low tech);
» Labour productivity and Total Factor Productivity
estimations:
» On the latter, Foster, Haltiwanger and Syverson
(2008)approach as TFP as the residual from a 4-digit sector
estimation at the EU level;
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Empirical Strategy

Multilevel

» We adopt a Sectoral decomposition based on technology
intensity in manufacturing (deflated at 2-digit PPl index):
» Computing (NACE 26, high-tech);
» Chemicals (NACE 20, medium-high tech);
» Manufacturing of Basic Metal (NACE 25, medium-low tech);
> Food (NACE 10, low tech);

» Labour productivity and Total Factor Productivity
estimations:

» On the latter, Foster, Haltiwanger and Syverson
(2008)approach as TFP as the residual from a 4-digit sector
estimation at the EU level;

» EU industry level frontier:

» 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

GROWINPRQO Joint CIIE-WPIA-GROWINPRO Conference, January 27, 2021 m
e —— 15/38



Sample

Amadeus and World Input-Output Database

» Amadeus database, firm level in four manufacturing sectors:

» Computing obs. 20.479; Chemical obs. 25.147; Manufacturing
of Basic Metal obs. 16.617; Food obs. 81.666.

> Firm size (employment); Firm age & age®
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» Amadeus database, firm level in four manufacturing sectors:

» Computing obs. 20.479; Chemical obs. 25.147; Manufacturing
of Basic Metal obs. 16.617; Food obs. 81.666.

> Firm size (employment); Firm age & age®

» Sectoral:
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Sample

Amadeus and World Input-Output Database

» Amadeus database, firm level in four manufacturing sectors:

» Computing obs. 20.479; Chemical obs. 25.147; Manufacturing
of Basic Metal obs. 16.617; Food obs. 81.666.

> Firm size (employment); Firm age & age®
» Sectoral:

» Industry concentration within Country and EU market
(separately);
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Sample

Amadeus and World Input-Output Database

» Amadeus database, firm level in four manufacturing sectors:

» Computing obs. 20.479; Chemical obs. 25.147; Manufacturing
of Basic Metal obs. 16.617; Food obs. 81.666.

> Firm size (employment); Firm age & age®
» Sectoral:
» Industry concentration within Country and EU market

(separately);
» Embodied vs. dis-embodied R&D:
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Sample

Amadeus and World Input-Output Database

» Amadeus database, firm level in four manufacturing sectors:
» Computing obs. 20.479; Chemical obs. 25.147; Manufacturing
of Basic Metal obs. 16.617; Food obs. 81.666.
> Firm size (employment); Firm age & age®
> Sectoral:

» Industry concentration within Country and EU market
(separately);
» Embodied vs. dis-embodied R&D:

» Embodied: WIOD weights at 2 digits/country/year level times
OECD taxonomy of economic activities based on R&D
intensity (as percentage of GVA):

Embodiedict = wsjjet ¥ R&Ds; + . .. + ws,jet * R&Ds,
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Sample

Amadeus and World Input-Output Database

» Amadeus database, firm level in four manufacturing sectors:
» Computing obs. 20.479; Chemical obs. 25.147; Manufacturing
of Basic Metal obs. 16.617; Food obs. 81.666.
> Firm size (employment); Firm age & age®
> Sectoral:

» Industry concentration within Country and EU market
(separately);
» Embodied vs. dis-embodied R&D:

» Embodied: WIOD weights at 2 digits/country/year level times
OECD taxonomy of economic activities based on R&D
intensity (as percentage of GVA):

Embodiedict = wsjjet ¥ R&Ds; + . .. + ws,jet * R&Ds,

> own R&Dj. 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

Food Chemicals
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We calculate the gaps as follows
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We calculate the gaps as follows

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

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

2. We calculate the maximum of the 75" 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.
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We calculate the gaps as follows

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

2. We calculate the maximum of the 75" 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:

» Firm - sector: LP or TFP for each firm minus the 75t
percentile from step 1, i.e. in a particular country / sector/
year,;

» 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
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We focus on the total gap in this presentation

We call the gap Firm-max

» TF Productivity gap (being i firm, j sector, t year, ¢ country):
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We focus on the total gap in this presentation

We call the gap Firm-max

» TF Productivity gap (being i firm, j sector, t year, ¢ country):
> log(TFPGAP) = log[( TFP) ;] — EUfertier

iyt
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We focus on the total gap in this presentation

We call the gap Firm-max

» TF Productivity gap (being i firm, j sector, t year, ¢ country):
> log(TFPGAP) = log[( TFP) ;] — EUfertier

iyt
> EUemer = maxc log( TFPg:)™"
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Computing Gaps Distributions

T T T T T T
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X

kdensity gap_TFP_firm_sectordnc——— kdensity gap_TFP_firm_m%x
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Chemical Gaps Distributions

0
-

kdensity gap_TFP_firm_sectordnc——— kdensity gap_TFP_firm_m%x
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Metal Gaps Distributions

0
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kdensity gap_TFP_firm_sectordnc——— kdensity gap_TFP_firm_m%x
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Food Gaps Distributions

T T T
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kdensity gap_TFP_firm_sectordnc——— kdensity gap_TFP_firm_m%x
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Exploring multilevel determinants of productivity gap

Variables
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Exploring multilevel determinants of productivity gap

Variables
» Multi-level determinants:
» Industry determinants:
» Own disembodied and external embodied technology: Direct
and "indirect” R&D investments;
» Industry concentration (within sector-year-country vs. within
sector-year-EU);
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Exploring multilevel determinants of productivity gap

Variables
» Multi-level determinants:
» Industry determinants:
» Own disembodied and external embodied technology: Direct
and "indirect” R&D investments;
» Industry concentration (within sector-year-country vs. within
sector-year-EU);

» Firm-level determinants:
> Size;
> Age;
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Firm Fixed Effect Model
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Firm Fixed Effect Model

> /Og(GAP,-jt) = Bo + log(f1Xit—1) + /Og(ﬂsztfl) +
Bslog(Embodiede_y) + falog(RDeje1) +
ﬁ5log(EmbodiedCJ-t_1) * /Og(Rcht_l) + Dt =+ D,‘ + Eijt
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Firm Fixed Effect Model
> /Og(GAP,-jt) = Bo + log(f1Xit—1) + /Og(ﬂsztfl) +
B3log(Embodiedgje 1) + falog(RDge1) +
ﬁ5log(EmbodiedCJ-t_1) * /Og(Rcht—l) + Dt =+ D,‘ + Eijt
» X firm level variables (time-variant variables);
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Firm Fixed Effect Model
> log(GAP;jjt) = Bo + log(f1Xit—1) + log(B2Zjt—1) +
Bslog(Embodiedge 1) + falog(RDge_1) +
ﬁ5log(EmbodiedCJ-t_1) * /Og(Rcht—l) + D; + D; + Eijt
» X firm level variables (time-variant variables);
» Z;; sector level variables;
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Firm Fixed Effect Model

» log(GAPj;:) = o + log(1Xit—1) + log(BaZj—1) +
Bslog(Embodiedge 1) + falog(RDge_1) +
ﬁ5log(EmbodiedCJ-t_1) * /Og(Rcht—l) + D; + D; + Eijt

» X firm level variables (time-variant variables);

» Z;; sector level variables;

» Embodied.; 2-digit weighted R&D inputs (WIOD) as
percentage of GVA.
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Firm Fixed Effect Model

» log(GAPj;:) = o + log(1Xit—1) + log(BaZj—1) +
B3log(Embodiedgje 1) + falog(RDge1) +
ﬁ5log(EmbodiedCJ-t_1) * /Og(Rcht—l) + D; + D; + Eijt

» X firm level variables (time-variant variables);

» Z;; sector level variables;

» Embodied.; 2-digit weighted R&D inputs (WIOD) as
percentage of GVA.

» RDj; 2-digit own R&D inputs (ANBERD) as percentage of
GDP.
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Firm Fixed Effect Model

> /Og(GAP,-jt) = Bo + log(f1Xit—1) + /Og(ﬂsztfl) +
Bslog(Embodiede_y) + falog(RDeje1) +
ﬁ5log(EmbodiedCJ-t_1) * /Og(Rcht—l) + Dt =+ D,‘ + Eijt

>
>
>

>

Xt firm level variables (time-variant variables);

Z;; sector level variables;

Embodied.j 2-digit weighted R&D inputs (WIOD) as
percentage of GVA.

RDj: 2-digit own R&D inputs (ANBERD) as percentage of
GDP.

Firms fixed effects D;
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Firm Fixed Effect Model

> /Og(GAP,-jt) = Bo + log(f1Xit—1) + /Og(ﬂsztfl) +
Bslog(Embodiedgje_1) + falog(RDgje_y) +
ﬁ5log(EmbodiedCJ-t_1) * /Og(Rcht—l) + Dt =+ D,‘ + Eijt

>
>
>

>

Xt firm level variables (time-variant variables);

Z;; sector level variables;

Embodied.j 2-digit weighted R&D inputs (WIOD) as
percentage of GVA.

RDj: 2-digit own R&D inputs (ANBERD) as percentage of
GDP.

Firms fixed effects D;

Time Firms fixed D;
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Firm Fixed Effect Model

> /Og(GAP,-jt) = Bo + log(f1Xit—1) + /Og(ﬂsztfl) +
Bslog(Embodiede_y) + falog(RDeje1) +
ﬁ5log(EmbodiedCJ-t_1) * /Og(Rcht—l) + Dt =+ D,‘ + Eijt

>
>
>

>

vy

Xt firm level variables (time-variant variables);

Z;; sector level variables;

Embodied.j 2-digit weighted R&D inputs (WIOD) as
percentage of GVA.

RDj: 2-digit own R&D inputs (ANBERD) as percentage of
GDP.

Firms fixed effects D;

Time Firms fixed D;

gjj¢ idiosyncratic error.
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Table 1

Fixed Effects Model (non-weighted sample)

Fixed Effects Model (non-weighted sample)
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Table 1

Fixed Effects Model (non-weighted sample)

Fixed Effects Model (non-weighted sample)

(0} @ @ [0}
Dep: TFP GAP NACEZ6 | NACEZ2D NACE 20 NACE 10
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Table 2

Fixed Effects Model (weighted sample)

GROWINPRO Joint CIIE-WPIA-GROWINPRO Conference,
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Fixed Effects Model (weighted sample)
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Table 2

Fixed Effects Model (weighted sample)

Fixed Effects Model (weighted sample)

M @ @
Dep: TP GAP NACEZ6 | NACE 20 NACE 24 NACE 10
| Compuing | Chemicals | BasicMetals | Food
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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))

= R&D embadied in domestic inputs and capital
goods

= R&D embodied in imported inputs and capital
goods

= Own R&D.

Stage | Stage Il Stage Il Stage IV
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Robustness |

Measurement and Estimators
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Robustness |

Measurement and Estimators
» Labour productivity and TFP;
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Robustness |

Measurement and Estimators

» Labour productivity and TFP;

» 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):

» unweighted
» weighted (European firms demography from Eurostat sampling
accounting)
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Robustness |

Measurement and Estimators

» Labour productivity and TFP;

» 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):

» unweighted
» weighted (European firms demography from Eurostat sampling
accounting)

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

Measurement and Estimators

» Labour productivity and TFP;

» 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):

» unweighted
» weighted (European firms demography from Eurostat sampling
accounting)

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

> Two sub-components of the total firm-EU frontier gap;

GROWINPRQO  Joint CIIE-WPIA-GROWINPRO Conference, January 27, 2021 m
T 31/38




Robustness Il: Empirical Modeling as Multilevel

Multilevel Estimator
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Robustness Il: Empirical Modeling as Multilevel

Multilevel Estimator
» log(GAPjjt) = Bo + log(S1Xit—1) + log(B2Zjt—1) +

B3log(Embodiedgjs—1) + Salog(RD¢jt—1) + Bslog(Embodied) *

log(RD¢jt—1) + SouthEastD. + Foreign; + D: + pujj
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Robustness Il: Empirical Modeling as Multilevel

Multilevel Estimator
> log(GAPj;t) = o + log(1Xit—1) + log(B2Zjr—1) +
B3log(Embodiedgjs—1) + Salog(RD¢jt—1) + Bslog(Embodied) *
log(RD¢jt—1) + SouthEastD. + Foreign; + D: + pujj

» X; firm level variables (including two time-invariant variables)
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Robustness Il: Empirical Modeling as Multilevel

Multilevel Estimator

> log(GAPj;t) = o + log(1Xit—1) + log(B2Zjr—1) +
B3log(Embodiedgjs—1) + Salog(RD¢jt—1) + Bslog(Embodied) *
log(RD¢jt—1) + SouthEastD. + Foreign; + D: + pujj

» X; firm level variables (including two time-invariant variables)

» Z;; sector level variables
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Robustness Il: Empirical Modeling as Multilevel

Multilevel Estimator
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Conclusions |

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

> if bigger in size (see Jovanovic 1982);

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

P 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
» clear downturn in 2007;
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» 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);
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» 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);

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

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

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

» Metal: embodied technology

» Food: there is a clear lock-in at low-low and benefits at high
levels of Own R&D
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> Multilevel perspective offers new and robust important
insights into the nature of catching up in the European Union;

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

» 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);

» 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.

» 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.

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