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Résumé

Cette étude caractérise I'importance des deux ipanx canaux habituellement évoqués dans
la littérature et par lesquels les régulationscamtipétitives des secteurs amont influencent la
croissance de la productivité de I'ensemble degesex: l'investissement en R&D et
l'investissement en TIC. Pour cela, trois fonctisosit estimées. Tout d’abord, une fonction
de production dans laquelle la productivité edugricée par les régulations anticompétitives
des secteurs amont et par I'importance du capit®&D et en TIC. Ensuite, deux fonctions
de demande de facteurs en R&D et TIC, faisant égaié intervenir les régulations
anticompétitives des secteurs amont. Ces estinsasiont réalisées sur un panel de 14 pays de
'OCDE, décomposés en 13 secteurs, sur la péricai/-2007. Les résultats obtenus
confirment ceux d'études antérieures et montrente qlimpact des régulations
anticompétitives dans les secteurs amont sur ldugtvité de I'ensemble des secteurs est
important, et qu'une grande part de cet impactgapss I'investissement en TIC et surtout en
R&D.

Mots-clés :Productivité, Croissance, Régulations, ConcurreRe#trapage, R&D, TIC
Codes JEL :043, L5, 033, 057, L16, C23

Abstract

Our study aims at assessing the actual importaricéhe two main channels usually
contemplated in the literature through which ustresector anticompetitive regulations may
impact productivity growth: business investment®&D and in ICT. We thus precisely try
to estimate what are the specific impacts of thesechannels and their shares in total impact
as against alternative channels of investmentstheradorms of intangible capital such as
improvements in skills, management and organizatfeor this, we specify an extended
production function relating productivity expligitto R&D and ICT capital as well as to
upstream regulations, and two factor demand funstielating R&D and ICT capital to
upstream regulations. These relations are estinateal panel of 14 OECD countries and 13
industries over the period 1987-2007. Our estimategirm the results of previous similar
studies finding that the impact of upstream reguitat on total factor productivity can be
sizeable, and they provide evidence that a good @athe total impact, though not a
predominant one, goes through both investment§Thand R&D, and particularly the latter.

Keywords: Productivity, Growth, Regulations, Competition t€aup, R&D, ICT
JEL Classification: 043, L5, 033, 057, L16, C23




l. Introduction

Competition is an important determinant of produtti growth. Much firm-level
microeconomic research has supported the ideztingpetitive pressure enhances innovation
and is a driver of productivity (among others, $&eroski, 1995a, 1995b; Nickell, 1996;
Nickell et al, 1997; Blundelket al, 1999; Griffithet al, 2002; Haskeét al, 2007; Aghioret

al., 2004), especially for incumbent firms that aresel to the technological frontier (Aghion
et al, 2005; Aghionret al, 2006). Reinforcing evidence has also been foandvestigations

at a macroeconomic level, either using country pdat (Conwayet al, 2006; Aghioret al,
2009) or country-industry panel data (Nicoletti aBdarpetta, 2003; Griffitlet al, 2010;
Inklaar et al, 2008; Buccirosset al, 2009). Most of these empirical studies have pledi
within country-industry evidence of the link betwesompetitive conditions and productivity

enhancements.

In contrast to these studies who investigated itezdinfluence of product market regulations
in industries on these industries themselves, Bswt al. (2010) focused on the indirect
influence of product market regulations in non-nfanturing industries, called “upstream”
industries thereafter, on productivity outcomeshia industries, often called for convenience
“downstream” industries, which are using the intedmte inputs from these upstream
industries! Regulations that protect rents in upstream inéksstcan reduce incentives to
search for and implement efficiency improvementglamvnstream industries, since they will
have to share the expected rents from such impremtnwith upstream industriégOne can
also conjecture that, contrary to the downstreafluance of downstream regulations, the
downstream influence of upstream regulations hasaiged largely unaffected in the last
fifteen years or so in most OECD countries. Ind@edhis period and these countries,
downstream industries have become more competérgely due to increasing international
competition, while that was not the case for ustrandustries. Actually, this is actually
what can be concluded from Bourlés al. where using country-industry panel data and

1 Note that the distinction between upstream andndtream industries is not a priori clear-cut, sinc
upstream industries use intermediate inputs fronerotipstream industries. As will become clear ia th
implementation of our analysis the non-manufactumpstream industries are kept in our study sample.
We thus estimate the overall average influencepsfream product market regulations (that is précibe
average influence of regulations in each upstreadustry on all industries excluding that upstream
industry).

2 A formalization of such links between upstreanmpetition and downstream productivity based on an
extension of the endogenous growth model of Agleibal. can be found in the working paper version of
Bourléset al (2010) and in chapter 2 of Lopez (2011).




relying on a version of a dynamic “neo-Schumpetérienodel, we found that lack of

upstream competition curbs downstream efficiengyrovements.

The goal of the present investigation is to goHerthan Bourlést al. (2010) in an attempt to
characterize the channels through which upstreamgulaBons impact downstream
productivity growth3 As it is generally agreed, we consider investmentsR&D and
innovation as being a vital channel and we estirhate important it is actually. We consider
jointly investments in ICT, since they are also rded to be a key channel for
competitivenes$. In order to implement such investigation, as eixgld in Section Il, we
consider a three equations model that is simplegmdo be specified and estimated with the
data available at country-industry level. We thstineate a relation where the distance of
country-industry multifactor productivity to the responding industry multifactor
productivity in the USA (where the USA is takenthe country of reference) depends not
only on the upstream regulatory burden indicatonaBourléset al, but also on the distance
of country-industry R&D and ICT capital intensitiés that in the USA. In parallel we
estimate two factor demand relations, for R&D a@d Icapital respectively, which both
include the upstream regulation burden indicatora$sess the robustness and validity of our
results we consider in fact different econometpedfications of our model.

Our investigation is performed on a cleaned unlw@dncountry-industry panel dataset for
fourteen OECD countries and thirteen manufactuand market service industries over the
twenty one years 1987 to 2007. This sample is sdratuifferent from the one of Bourles
al., since our purpose is to assess to what extentinipact of upstream regulations on
downstream productivity work through R&D and ICTvéstment. We cover in particular
thirteen industries instead of eighteen, since eietd five industries that are (almost) not
investing in both ICT and R&D. Among these thirteedustries we also exclude five of them
to estimate the R&D investment demand equatiorgesihey are almost not investing in
R&D.

3 we highlight the similarities and differencesiwiourléset al. (2010) along the paper and the Appendix C
presents a detailed comparison

4 Investing in training and investing in skilledbtr and investing in organization and managementaso
potentially important channels that we could natsider here for lack of data or good enough datheat
country--industry level. It is likely that thesearinels are to some extent complementary to thea@i
R&D channels, and thus that the regulatory impamtkimg through them may be partly taken into ac¢oun
in our estimates. Note also that although patergtsat as good a predictor of innovation outpuR&D
investment, the numbers of country-industry patewtsild be a worthwhile indicator to consider in the
future (see Aghioet al.,2013).




We rely on the same basic upstream regulatory purticator as in Bourléest al, which is
computed from the OECD indicators of anti-competitiegulations on product market in the
six following non-manufacturing industries: energgnsport, communication, retail, banking
and professional services. However, our main véiab multifactor productivity is defined
differently than in Bourlegt al.,since we have to explicitly include ICT and R&D ttapas
regressors in the productivity equation. We ex@dithe construction of the data and present

a number of descriptive statistics in section HtlgAppendix A.

In terms of identification strategy and estimatimethod, as discussed in Section IV, we
proceed somewhat differently than Bourédsal We focus on the long-term estimates of our
parameters of interest and the discussion of tlodiustness. In particular we systematically
compare the estimation results obtained in two ecwiric specifications: the first one in

which we interact country and year fixed effecteach of the three equations of the model,
and the second in which we also interact industiy gear fixed effects. We consider likely

that the first one provides optimistic or “upperubd” estimates, while the second provides

pessimistic or “lower bound” estimates.

We present our estimation results in Section V, idlodtrate them by presenting in Section
VI simulations of what would be the long term mifalttor productivity gains if all countries
were to adopt the observed best or lightest anfiatitive upstream regulations. In spite of
the substantial differences in sample, model spatibn and estimation, we find that our
upper bound estimates of the total long term ingéotconfirm very well the main estimates
of Bourles et al. showing that upstream anticompetitive regulatiarza slow down
multifactor productivity importantly. Although odower bound estimates are much lower
they remain quite significant. We find for examghat the upper and lower bound estimates
of the total productivity impacts of upstream regigns are the highest for Italy and the
Czech Republic, of about 11-12% and 4-5% respdygtivand the lowest for the United
Kingdom and the USA, of about 2-3% and 1% respeltiwVe also find that the indirect
productivity impact for the R&D investment chanmlgenerally much higher than the one
for ICT investment, but that the direct producivitnpact is also much higher than both of
them, pointing to the fact that the channels thhowdich upstream regulations manifest

themselves must be many and even possibly evergwher

In Section VII we conclude by indicating the limagour present findings and sketching what

should and could be done to extend and deepen #&in particular by stressing the need




to investigate jointly the productivity impacts mfoduct and labor regulations and to rely on

different types of data and levels of analysis frmimro to macro.

[I. Econometric model specification

Our model consists of three simple equations: tbdyxtivity equation and two similar factor
demand equations respectively for R&D and ICT. Wallsexplain now in some details our
choice of specifications for these equations.

Productivity equation

Our productivity equation is based on the assumptioa cointegrated long term relationship
linking the levels of (multi-factor) productivity éiween countries and industries, which
includes our product market regulation variableirgérest or regulatory burden indicator
REG This equation can be simply written as a relabetween the industry productivity in a
given country of referencé and all the other countries Although it is convenient to
interpret this relation as a catch-up relation whéne country of referencé can be
considered as a leading country and the other deant as followers countries, it is
important to realize that such interpretation need to be taken strictly and can be
misleading. The basic hypothesis, which we actually in Section 1V, is that of cointegration
for the set of country-industry time series tha& eonsidered in the analysis. In fact as long as
the equation includes controls for country, indpsind year unobserved common factors, we
checked that the choice of the country of referettmes not practically affect our results. In
this work, for the sake of simplicity we take th&A as the leading countéy ® We can thus

write our long term productivity relation as théldaing log linear regression equation:

Mmfpeir = cst+mfpge —UWREG 1 + Uge (1)

S The USAis in fact leading for 85% of the counimgustry-year observations of our panel, This caaf a
given country as the reference in all industriedifferent from the one taken in Bourlés et al. rehthe
country of reference for a given industry was tbentry leading for that industry, and thus coultfedi
across industries and over time. As just mentiord, estimates remain practically unaffected if we
choose the leading country-industry-year definitiddote more generally that when we include
industry*year effect®;, in the specifications of our productivity and R&bd ICT investments equations
(see below), these effects will proxy for the evioln of productivity and R&D and ICT investments the
country-industry pairs taken as reference as Iagha reference country for a given industry wilkt n
change over timédi.e., ¢(i)i,t = ¢i,t ). Hence our lower bound estimates based onifsgations including
such effects are strictly identical irrespectivette choice of the country-industry pairs of refee




The variablesnfp.; . andmfp;; . are respectively the multifactor productivity mghrithms
for year t of industry in countryc and in the leading count@y (the USA), where € T,i €

I,and (c,C) € C withc # C.

The variableREG,; ;4 is the regulatory burden indicator lagged one Yearindustryi in
country c, andu is a parameter of main interest measuring an geelang term “direct”
impact of regulation on multifactor productivity,here direct means here that this impact

does not operate through the channels of ICT anB R&estments as made explicit belbw.

The termu,; . stands for the error in the equation that canpeeified in different ways. In a
panel analysis such as ours, it is generally foamoropriate to control for separate country,
industry and year unobserved common factors orcesfte , 6, and 6,, in addition to an
idiosyncratic error terna.; .. Here for reasons of econometric identificatiorichhwe discuss

in Section IV, we privilege two specifications thaso include interaction effects: either
country*year effect®,., or both country*year effect..and industry*year effect®;. As we
shall explain, we can consider that the first adstn specifications provides an upper bound
estimate of the direct regulatory impact parametexhile the second one provides a lower

bound estimate qf.

The major novelty in our approach here with resp@&ourles et al. is that we want to assess
to what extent the effects of anticompetitive regohs (proxied by REG) on productivity
work through the two channels of R&D and ICT inwveshts or otherwise. To do so we have
to modify in two ways the “conventional” measure ofultifactor productivity used
previously. We have to take into account explicithe contribution of ICT capital to
productivity and for that to separate ICT capif@) rom the other forms of physical capital
(C) in total capital CT). We also have to take into account explicitly doatribution of R&D
capital K), which is ignored in the “conventional” measufeatal capital CT), since R&D

is not yet integrated in official national accouassan investment. As explained in Section lll,

6 Note that in equation (1) we impose that the ficeft of r?t??ac—i,t is 1, implying that the difference
between the multifactor productivity of the follomeountries and the leader country is boundedendhg
term for given common factoéss. This is a reasonable identification hypothesisegally made in the
literature. As shown in one of our robustness chegiants in Appendix B, our results remain roughig
same if this hypothesis is relaxed; they are $gridentical if we include industry*year effecs, as in our
lower bound specification. Note also that a variahequation (1) that may seem more satisfactotlyy wi
include the regulatory burden indicator in diffecento its value for the country-industry of
reference(REG.; -, — REGs,—1). However, this variant and equation (1) as writieere provide
estimates that are strictly identical when we idelindustry*year effect8;;, and we have found that they
also remain very close even when we do not inctbden.




the explicit integration of R&D implies that we h#alcorrect the measures of industry output
and labor from respectively expensing out R&D imtediate consumption and double
counting R&D personnel.

Precisely, using small letters for logarithms (ixe=Log X, we have two conventional
measures of multifactor productivitgfpcl and mfpc2 and the appropriate measungp to

be used in the present analysis, where:
mfpcl =y —a(ct) — Bl andmfpc2 =y —ac—pl—vyd,
while
mfp=y—ac—pBl—yd— &k .

We can define partial multifactor productivity bedaaking into account the ICT and R&D

contributions, which will notednhfpfor simplicity, as:
mfp = mfp +yd + 6k

and thus rewrite regression equation (1) to inclexglicitly ICT and R&D contributions as

regression equation (2):

mfpci,t = cst + mpri,t + V(dci,t - dEi,t) + 5(kci,t - kEi,t) —UREGg 1 + Uit (2)

In equation (2), we estimate jointly the produdgivelasticitiesy andé of ICT and R&D
capital stocks ang the parameter of direct regulatory impact on potigiity. While we can
estimate the ICT and R&D productivity elasticitidspwever, in order to measure our
multifactor productivity variablenfp it remains to calibrate the non-ICT capital andolab
elasticitiesa andp. As usually done and explained in Section Il &mpendix A, we did in
two ways: first by calibrating andg respectively by the sharés andp; of the user cost of
non-ICT capital and the labor cost in nominal vaddeled; second by still calibrating the
elasticity of laborB by the share of labor cogt but calibratinga priori the returns to scake

to be constant, that 5= a + §; + y + & = 1, and thus implying that is estimated as well
asy andd . Since trying to assess returns to scale on ggtgandustry data such as ours
does not really make sense, and measuring indshayes of user cost of capital not too
reliable, we much preferred the second option.det,fas documented in Appendix B on

robustness, when we do not impose constant retarssale and rely on the first option, our




results are practically unaffected with an estidateale elasticityl that negligibly differs

from 1.

Finally, calibratinga by &; and assuming constant returns to scale impliesvibatormalize
regression (2) with respect to labor and modifghtly the measure of our multifactor
productivity variablenfp.We can express (2) equivalently as:
Mfpcie = ¢St + mfpeie + Y[(dci,t —leie) — (deie — lEi,t)]
+ 5[(kci,t —leie) — Ckeie — lEi,t)] —UREG: 1 +Uciy

With mfpeir = (Veir — leir) — @i(ceie — leir) @andmfpzr = (Ve — leie) — @(ceir — leir)

Or denoting[(xc;t — leie) — (Xeit — Leie)] More simply byx_gap,; ., we can rewrite it as

regression (3):

mfp_gapci = cst +yd_gapeis + 6k_gapcis — W REGgir—1 + Ugie (3)

ICT and R&D capital demand equations

The specifications of our ICT and R&D capital demhare very simple. They are based on
the long term equilibrium relationships derived nfroof the assumption of firms’
intertemporal maximization of their profit, augmedtby the regulatory burden indicator
REG.

Assuming the Cobb-Douglas production function uhyieg our productivity equatiom =

ac + Bl + yd + 6k , we can write simply:

log (PpbD/WL) =1log (v/B) — up-REG_4
log (PxK/WL) =log (§/  B) — ux-REG_,

whereP,D /WL andPyD /WL are of the user costs shares of ICT and R&D dapitdative

to the labor cost share. Rewriting these equationserms of ICT and R&D capital user cost
ratios to average employee cost (or ICT-labor ag@®fabor cost ratios for short, and adding
errors terms to control for country, industry arehry unobserved common factors as in the

productivity equation (and witk= Log X) we obtain the regression equations:




(d—De¢it =Cst+ (pp = W)cit — UpREG i1 + u?i,t
(k= D¢it =Cst+ (px = W)eit — UkREG i1 + ucl‘(i,t

These equations are strictly consistent with thpottyesis of a Cobb-Douglas production
function, implying that the elasticity of substitut between factors are all equal to 1 and that
the price elasticities are constrained to be 1céthese constraints may be too restrictive and
although they do not lead to significantly differ@stimates of our two parameters of interest
Up andug , we actually prefer to consider equations (4) ihiok they are no& priori

imposed and can be tested:

(d—- l)ci,t = Cst+ 04(pp — W)cit — UpREG ;1 + u(?i,t

(4)
(k= Deir = Cst+ ox(Px = W)eir — UkREGe -1 + ucl‘(i,t

These equations can be viewed as deriving from & (@onstant Elasticity of Substitution)
production function, and the parametetsand o;, interpreted as elasticities of substitution
between factors. Note, however, that the CES prtoamtugunction with more than two factors
is also restrictive since it imposes that thesatigities would be the same for all pair of
factors: that is here; = gy, (= g, = g, ), which will see is not far from being the casedar

results.

[1l. Main Data and Analysis of Variance

We now explain the construction of the central arptory variable of our analysis: the
upstream regulatory burden indicator REG, whild&ppendix A we give information on our

sample and on the multifactor productivity and l@id R&D capital variables. We also
present simple descriptive statistics and an aisabfs/ariance for all the variables in terms of

separate country, industry and year effects, amteaant sequence of two-way effects

Regulatory burden indicator

Our empirical analysis focus on the productivitg d8T and R&D impacts of the regulatory
burden indicator REG, which is constructed on thlsid the OECD Non-Manufacturing
Regulations (NMR) indicators. These indicators meas'to what extent competition and
firm choices are restricted where there are naaipeasons for government interference, or

where regulatory goals could plausibly be achielgdless coercive means”, in six non-
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manufacturing industries. Referred here as upstregmiustries they are: energy (gas and
electricity), transport (rail, road and air), conmuation (post, fixed and cellular
communication), retail distribution, banking seescand professional services. Undoubtedly
they constitute the most regulated and shelteredrp®ECD countries economies, while few
explicit barriers to competition remain in markefts the products of manufacturing

industries.

The NMR indicators are based on detailed infornmatio laws, rules and market and industry
settings, which are classified in two main aresatescontrol, covering specific information
on public ownership and public control on busingstvity, and barriers to entrepreneurship,
covering specific information on legal barriers datry, market structure and or industry
structure. For a given upstream industry the NMdRdators can take at minimum a value of O
in the absence of all forms of anticompetitive dlagans and at maximum a value of 1 in the
presence of all of them, and they thus vary on aesof 0 and 1 across countries and
industries. They also available for all years of estimation period in energy, transport and
communication, for 1998, 2003 and 2007 in retastribbution and professional services, and
for 2003 only in banking. More information on thenstruction of the NMR indicators is
given in Appendix A; and a detailed presentation b& found in Conway and Nicoletti
(2006) for all six non-manufacturing industries epcbanking, and in De Serresal (2006)
for banking.

The NMR indicators have the basic advantage tret @stablish relatively direct links with
policies that affect competition. Econometric sasgdiusing them to measure imperfect
competition are also much less concerned by endoyeproblems that affect studies
depending on traditional indicators of product nearkcompetitiveness, as mark-ups or
industry concentration indices (see Boone 200@fdiscussion of endogeneity issues in such

studies).

In a macro-econometric analysis as ours, howevdiR Nhdicators cannot separately be used
in practice to assess the upstream regulatory itap@ac productivity as well on ICT and
R&D, and they have to be combined in a meaningfay.wWe do, as usually done, by
considering that their individual impacts are mdikely to vary with the respective
importance of upstream industries as suppliersitgirinediate inputs. Our regulatory burden

indicator REG is thus constructed in following way:

11



input{ R

REG;; = Z NMRZI. Wij with w!

e outputl- R
Jj#i !

WhereNMRg,t is the NMR indicator of the upstream indusgrfor countryc in yeart, and

Wij stands for the intensity of use of intermediateutspfrom industryj by industry, as
measured from the input—output table for a givemnty and year as the ratio of the
intermediate inputs from industjyto industryi over the total output of industry We prefer

to use a fixed reference input-output table to coi@phe intensity of use ratios rather than the
different country and year input and output tablesavoid endogeneity biases that might
arise from potential correlations between suctosatind productivity or R&D and ICT, since
the importance of upstream regulations may welluerice the use of domestic regulated
intermediate inputs. We have actually used the 206p0t-output table for the USA, already
taken as reference for the productivity gap and R&Ml ICT gap variables. For similar

endogeneity as well as measurement error conceois,also that in estimating REG for the

upstream industries we exclude within-industryrimediate consumption (w]j =0).

Chart 1 shows the country averages of REG for 19887 and 2007. The relatively
restrictive regulations, which prevailed overallli®87 in most countries, weakened in the two
following decades in all countries at different @acThe cross-country variability of REG
appears quite important in all three years, with tIi5A, UK and Sweden remaining the the
most pro-competitive countries and Austria andyltf@llowed by France in 1987 and by

Canada in 2007 being the less pro-competitive cmst

Chart 2 shows the six average country NMR companehtREG in 2007. Their relative
contributions to REG differ significantly, reflenti country-industry variability, although they
appear roughly proportional to the average coulevgl of REG as could be expected. The
first left bar of the chart correspond to the vatid&REG for an hypothetical country in which
the six NMR indicators are at their ‘lightest’ lévedefined as the country average of their
three lowest values in 2007. We will use this legtt REG value as a target for the
hypothetical long run simulation policies we comsith Section VI to illustrate our estimation

results.

12



Chart 1: Country averages of REG in 1987, 1997 and 2007
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Chart 2: Average country contributions of six NMR indicatorsto REG in 2007
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Descriptive statistics and analysis of variance

Table 1 gives the means and medians, first and tjuartiles for the eight variables of our
productivity, ICT and R&D regressions, both in Is/and annual growth rates. We can see in
particular that on average for our sample overttitenty year period 1987-2007 REG has
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been reduced at a rate of 3.3% per year while th® Map with the USA has been slowly
decreasing by 0.2% per year. In parallel, ICT epitensity has been very rapidly increasing
at a rate of 11.3% per year, while its gap with tl#®A has been slowly augmenting by 0.3%
per year. R&D capital intensity has also been iasirgg at a rapid rate of 5.8% per year, while
its gap with the USA has been widening very sigaifitly by 1.5 % per year. Similarly we
observe that our measures of the ICT and R&D latmst ratios have respectively been
decreasing at very high rates of about 10% and H8%oyear, which largely reflects the
actual use of quality-adjusted hedonic prices @F bnd of overall manufacturing prices for

R&D for lack of more appropriate prices.

Table 1: Simple descriptive statistics

Levels in logs Annual log growth rate in %
except for REG also for REG

Q1 Median Q3 Mean Q1 Median Q3 Mean
Regulatory burden 0.40 0.65 0.89 0.65 -4.75 -2.62 -1.17 -3.33
indicator REG
MFP gap -055 | -0.39 | -025 | -042 | -4.06 | -0.20 3.59 -0.20
ICT capital -1.10 -0.75 -0.27 -0.73 -5.22 -0.13 5.3( 0.28
intensity gap
R&D capital -1.28 | -054 | -0.04 | -0.62 | -4.94 1.01 7.02 1.55
intensity gap
ICT capital 5.30 5.96 6.74 6.01 5.93 10.39 15.55 11.34
intensity
ICT - labor cost -0.18 0.18 0.61 024 | -16.20 [ -9.11 | -2.94 | -9.98
ratio
R&D capital 5.63 6.52 7.65 6.54 1.06 5.12 10.2p 5.85
intensity
R&D - labor cost -0.07 0.03 0.18 0.05 -7.18 | -3.10 0.73 -3.28
ratio

All statistics are computed for the complete stsdynple (i.e., 2612 observations for levels and 2#80growth rates),
except for the R&D variables computed for the sulygarwithout industries with low R&D intensity (i.eL478 observations
for levels and 1366 for growth rates).

Table 2 summarizes the results of an analysis wawee for all the variables of our analysis
in terms of separate country, industry and yeact$b,., 8; andé,, as well as a sequence of
two ways interacted effects;, (6., and 6;;) and 0. ,0;;and 8. ).The first column
documents the variability of the variables lostarms of “first step” R2 in first step when we
include in the regressions of our model the thmeeway effects separately, as a basic control
for the usual sources of specification errors, sashomitted (time invariant) country and
industry characteristics. The three following cohsmdocument what is the additional

variability lost in terms of “second step” R2 whee also include interacted two-way effects,
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in order to control for other potential sourcespécification errors to be discussed in the next
Section on identification and estimation. They ar@ered in a sequence going from the most
plausible source of endogeneity{2olumn), to the next plausible sourc& lumn) and to

a third one (% column) that we will argue is very unlikely.

Table 2: Analysis of variance

First step Second Step R?
RZ
Sl Country*year
country, " Country*year and . . !
. Country*year X . industry*year and
industry and industry*year o
country*industry
year effects
1) (2) 3) 4)

Regulatory burden
indicator REG 0,938 0.196 0.520 0.959
MFP gap 0,471 0,083 0.235 0.840
ICT capital
intensity gap 0,458 0,093 0.209 0.915
R&D capital
intensity gap 0,606 0,017 0,112 0,937
ICT capital
intensity 0,824 0.095 0.1620 0.9120
ICT - labor cost
ratio 0,837 0.4470 0.507 0.801
R&D capital
intensity 0,790 0,018 0,070 0,9360
R&D - labor cost
ratio 0,758 0,217 0,265 0,690

All statistics are computed for the complete stadsnple, except for the R&D variables computed ferdhbsample without
industries with low R&D intensity.

We see that the three country, industry and ydactsftaken alone already account for large
shares of variability of the eight variables of @nodel which are ranging from 45-60% for
the MFP, ICT and R&D gap variables of the produttivegression, to 75-85% for the ICT
and R&D capital intensity and labor cost ratio ahtes, and to nearly 95% for our central
explanatory variable REG. We see that the sharédsftofariability accounted by interacting
country and year effects alone is at most of 4586tffe ICT-labor cost ratio but much less for
the other variables), and by interacting also inguand year effects at most of 50% ( for
REG and the ICT-labor cost ratio but much lesgHerother variables). Interacting in addition
the country and industry effects account in tofalta a minimum share of 70% for all eight

variables and of 90-95% for five of them.

Focusing on REG, the share of its variability itatosariability, which is left to estimate the
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regulatory impact parameters of interest in thedpativity, ICT and R&D regressions,
decreases from 7.2% with separate country, indastdyyear effects, to 5.0% adding country-
year effects, 3.% adding also industry-year effezitsl 0.3% adding finally country-industry
effects. It is good that the absolute total vatipbof REG is large enough so that even a
share of a few percent is enough to obtain estenatéch are statistically significant as we
shall see in Section V. It is also fortunate ttregtré are both strong amdpriori reasons for
considering that it is very likely that the countnglustry component of the data, contrary to
the country-year and industry-year components)ydeéd an appropriate source of exogenous

variability for the estimation of our model.

IV. Identification and Estimation

In order to estimate consistently the long termantp of REG in the productivity, R&D and
ICT demand regressions (3) and (4), we have to iatke consideration intricately related
potential sources of specification errors, mair(iy:inverse causality, when governments
reacting to economic situations and political puess implement changes in product market
regulations; (ii) direct effects of such changesso far as they can be correlated over time
within-country and across-industry as well as withindustry and across-country; (iii)
omitted variables such as country specific andholustry specific technical progress and
changes in international trade, etc... We will explai a first sub-section how we can take
care of such specification errors by including doyltyear and industry*year effects in our
regressions and thus largely mitigate the biaseg plotentially generate. We will also argue
to the contrary that there no need to control fmrrtry*industry effects, and that we can rely
on the country*industry variability of the explaoat variables in our regressions to identify
and estimate consistently the upstream regulatopact parameters of interest.

To be fully confident that we are estimating loegn parameters, we have also to corroborate
that our regressions are cointegrated. We havetalstake sure that short term correlations
between the idiosyncratic errors in the regressantsour variables are not another possible
source of biases for our estimates, in particuiasé of the elasticities of ICT and R&D
capital intensities and relative user costs. Td déh this issue we implement the Dynamic
OLS (DOLS) estimators proposed by Stock & Wats®@®9@). In a second sub-section we will

thus briefly report on the cointegration tests \aedhperformed showing that by and large we
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can accept that our model is cointegrated, and hen Hausman specification tests of
comparison of the OLS and DOLS estimates showiagttie former are biased and the later
are indeed to be preferred.

Specification errors and country, industry and yearinteracted effects

Firms’ political pressures to change regulatione an important potential source of
econometric specification errors. In particular,fifms respond to negative productivity
shocks by “lobbying” for raising anticompetitivegrdations, thereby protecting their rents,
inverse causality would entail negative correlatitwetween productivity and product market
regulation indicators. Therefore, the negative iotpaof anticompetitive regulations on
productivity could be overestimated. Obviously, Isintases could also arise and eventually
be larger when estimating the regulatory impactshendemand for R&D and ICT. However,
we can distinguish three cases depending on whstlar productivity shocks and lobbying
reactions occur over time at the country level ssrindustries, and/or they occur at the

industry level across countries, and/or they atsty and industry specific.

The first case appears the most likely, becausenaétion behavior by government and
decisions or recommendations taken at the intenmalilevel (in particular by the EU, the
OCDE or the World Trade Organization). Includinguotry*year interacted effects in our
regressions will take care of the correspondingbgedeity biases in this case.

The second case is very similar to the first. Alifjo probably less prevalent than the first
case, it may concerns particularly upstream indsstas energy, transport, communications
and banking, in which international agreements geglilations are widespread. Likewise,

including industry*year effects in our model wilhke care of the resulting endogeneity

biases!

The last case of potential occurrence of biasesngrifrom lobbying and productivity shocks
at specific country-industry levels would applyié were concerned by assessing the impacts
of existing regulations in industries on the praduty and ICT and R&D of these industries
themselves, but not in the present analysis in lwke focus on estimating the impacts of

regulations in upstream industries on other dowastr industries. Actually although we are

7 When industry*year fixed effects are introducedr empirical investigation tests actually that timpact
of NMR indicators is growing with the intensity afse of regulated inputs. Therefore, our approach
presents similarities with the ‘difference-in-difémce’ approach, as highlighted in Appendix D.
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estimating average impacts of upstream regulatoves all industries by keeping upstream
industries in our sample, we are abstracting frobendossible regulatory impacts of upstream
industries on their own productivity and ICT and B&by being careful to impute a value of

zero for upstream industries own to intermediatesamption W]j = 0) in measuring REG in

these industried

Besides that they can correct for or at least @tevpotential endogeneity biases, it is also
important to stress that country*year fixed effeatsl industry*year either alone or taken
together can act as good proxies for a varietynoitted variables. In particular they can take
into account differences between countries andidustries in technical progress, in the
change of international trade conditions, in thelewon of proportions of skilled and highly

educated labor force, etc...

To wrap-up, in view of the inherent difficulties camuncertainties of our study, rather than
choose one preferred model econometric specifitatiee have thought proper to keep two
that provide a range of plausible consistent esémarhe first one with only interacted
country*year effects takes care of the endogereeity omitted variables specification errors
that we consider most likely and gives generalghkr negative estimates (in absolute values)
of the upstream regulatory impact parameters thathe viewed as upper bound estimates.
The second with both interacted country*year arttligtry*year effects takes care more fully
of such specification errors and give estimates ¢ha be deemed as lower bound estimates.
In the next two sections we will center the disaus®f our estimation results and simulations
on these two types of estimates. But we also dontimeAppendix B estimates of our model
for econometric specifications with other choicéstwo-ways interacted country, industry

and year effects, thus allowing the interestedeesatb judge the differences they entail.

Cointegration and DOLS estimators

To support our long term interpretation of our mstiion results and our reliance on the
DOLS estimators, we have to test the cointegratioaur model. Precisely, we have to test
that: i) MFP, R&D and ICT capital intensity andatVe user cost variables stocks and their
relative costs are integrated of order 1 (I(1));MFP is cointegrated with the leading country

8 It can be noted in this regard that the estimatghtive impacts of REG are significantly higheabsolute
value if we did not take such precaution than whendo, which can be taken as a confirmation of an
endogeneity bias.
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We have performed Levin, Lin and Chu (2002) and Rresaran and Shin (2003) panel data
unit-root tests and Pedroni (1999, 2004) panel datategration tests. All the unit-root tests

confirm that the MFP, R&D and ICT capital intensgtiand user costs variables are (1),
whereas the cointegration tests are somewhat less-aut, four out of seven of them

rejecting the no-cointegration null hypothesis. Hoer, it is important to stress that our unit-
root and panel cointegration tests have necessariglatively weak power because of the
short time dimension of our panel data sample (mari 20 years but in average about half

since it is seriously unbalanced).

In principle when non-stationary variables are tmgmated, the Ordinary Least Squares
(OLS) estimators are convergent under the stanassdmptions (Engle and Granger, 1987).
However, there are reasons to suspect that the é3tiBates of the elasticities of ICT and
R&D capital intensities and relative user costsafd é ) and (o4 and oy, ) in the productivity

regression and the demand regressions may be piaseduse of short term correlations
between these variables and regression idiosynceatdrs. The DOLS estimators get rid of
these correlations by including in the regressieasls and lags of the first differences of the
potentially endogenous explanatory variables ifytlege non-stationary. The Hausman

specification tests implemented on the three regyas show that the OLS and DOLS

estimates differ quire significantly, confirmingeally our preference for the latter.

V. Estimation results

We comment successively the estimation resulte@ptoduction function (relation 2) and of
the R&D and ICT factor demand functions (relation I8 all estimates, country, year and
industry fixed effects are included. For the reasdeveloped above, we presents results with
and without country*year and industry*year fixedeets. For brevity, we call sometimes
option A the introduction of country*year fixed etfts but no industry*year fixed effects,
option B the introduction of both and option O thabsence. Generally, the estimated
coefficients are not statistically different whagevthe fixed effects interactions included
(except the direct impact of the regulatory burdedicator, see further). However, these

statistical results come from quite large standardrs of the coefficient estimators in many

9  Given that the time dimension of our sample lisaly short, we have only included one lead andiame
Our estimates are practically unaffected when wkat or two more leads and lags.
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cases. In other words, the lack of statisticaligngicant differences should not hide the

important economic differences between the estichedefficients values.

Production function (relation 2)

Table 2 presents DOLS regression results for tloeymtion function. Columns 1, 3 and 5
report estimation results of the relation 2, whielumn 2, 4 and 6 present results for
specifications omitting the ICT capital intensitgpgand the R&D capital intensity gap. In
columns 1 and 2, country*year fixed effects arduded (option A), in columns 3 and 4,
country*years and industry*year fixed effects areluded (option B) and in columns 5 and 6,

no fixed effect interactions are included (option O

Table 2:Production function
Dependent variable: MFP gap with the US

(1) (2) (3) (4) (5) (6)
Gap in ICT capital intensity 0.052**% 0.074**% 0.048%*%
[0.009] [0.009] [0.008]
. o . 0.078*** 0.069%** 0.083***
Gap in R&D capital intensity [0.007] [0.007] [0.007]
Regulatory burden indicator ; -0.234%*** | -0,253%** -0.064 -0.155%* -0.226*** | -0.212%**
[0.055] [0.057] [0.067] [0.071] [0.050] [0.051]
Fixed effects:
Country, industry, year Y Y Y Y Y Y
Country*year Y Y Y Y N N
Industry*year N N Y Y N N
Observations 2612 2612 2612 2612 2612 2612
R-squared 0.565 0.518 0.646 0.596 0.526 0.474
RMSE 0.1821 0.1911 0.1720 0.1835 0.1818 0.1910

*** significant at 1%; ** significant at 5%; *sigrficant at 10% - Standard errors between brackets

DOLS estimations with one lag and one lead (theéfficients are not presented)

As the MFP gap is calculated without taking intccamt ICT and R&D impacts, the
estimation results of relation 2 indicate that Wedue Added elasticity to ICT capital stock is
between 4.8% and 7.4%, and the elasticity to R&pitahstock between 6.9% and 8.3%.
These results are consistent with the empiricafdiure. They support excess return on R&D
but not on ICT capital stock, as their average teapmiost shares are, according to our
calculations, of 6.4% and 6.3% (on the relevanustdes, i.e. 8 industries for R&D and 13
for ICT).

The estimates of the relation 2 indicate also thdl.1 increase of the regulatory burden
indicator would contribute to decrease the MFP foyiad 2.34 points, according to column 1.
This result appear robust to the omission of thentg*year fixed effect (columns 5 and 6),
but the impact of the regulatory burden indicatmtuces strongly when industry*year fixed

effects are included in the estimates (columns@4n It keeps even significantly different
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from zero only when ICT and R&D gaps indicators amh omitted (column 40 An
interpretation of this result is that, in our datashe variance of the regulatory burdens has an
important industry*year dimension (see table 1) #mel remaining variance would be too
close of white noise shocks to estimate the pamnseln the following, we consider that the
impact of the regulatory burden indicator is betw#ge two estimates with and without the

industry*year fixed effects (columns 1 and 3).

Note that the appendix B presents another inteapoet by distinguishing the impact of the
regulatory burden indicator between industries stiwg or not in R&D (see table B1). When
industry*year fixed effects are introduced, the @&uop of the regulatory burden indicator
remain significant for the industry not investing R&D. We come back to this point after

presenting the results on R&D and ICT demands.

Chart 3 presents the impact of the regulatory bunselicator on MFP according to the
estimates of Table 2 column 1 and 3, i.e. optioan8l B. If we consider the distribution of
our regulatory burden indicator, these results mima in comparison with the situation
without any anticompetitive NMR, the regulatory thens decrease the MFP by at least
11.7 points for 50 % of the observations accordm@ption A and 3.2 points according to

option B11

10 Therefore, this is only the impact of upstreagutations not explained by the R&D and ICT chantileés
is questioned by this result.

11 Asa country without any anticompetitive NMR do¢sexist, chart 3 presents also another basis for
comparison: a value of the regulatory burden indicaalculated on lightest practices. The lightest
practices are defined, in each upstream industytha average of the three lowest levels of reguiat
observed in 2007 among the countries in the datda$etse lightest practices are mobilized by thet nex
section simulation. The REG indicator values adeutated at the industry level and chart 3 preséms
unweighted average of the industry values for tE&SRndicator on lightest practices. Relatively hist
average value, the regulatory burdens decreadelffeby at least 5.6 points for 50 % of the obseovet
according to option A and 1.5 points accordingtan B.
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Chart 3:Long-term impact of the REG indicator on MFP

REGulatory burden indicator
0.00 0.25 0.50 0.75 1.00 1.25 1.50

0% ~=--__ ‘
-5% \ """""""""
-10% - \
-15% -

REG when using
| 'lightest practices’

=0.26

impact on MFP
N
o
X

-25% -

REG

-30% -

Q1 =|0.40 Q2=0.65 Q3=[0.89

-35% -

-40% -
—A--B

Factor demand functions (relation 3)

Tables 3 and 4 present DOLS regression result®&i and for ICT demand. In the two
tables, columns 1, 3 and 5 report estimation resflthe relation 3 while column 2, 4 and 6
present results corresponding to a Cobb-Douglasifggaion, with substitution elasticities
between every factor couples constrained to beldquane. As in the previous table 2, in
columns 1 and 2, country*year fixed effects arduded (option A), in columns 3 and 4,
country*years and industry*year fixed effects areluded (option B) and in columns 5 and 6,

no fixed effects interactions are included (optin

Table 3:R&D demand
Dependent variable: R&D capital intensity
The price elasticity is constraint to unity in coln (2), (4) and (6)

(1) (2) (3) (4) (5) (6)

R&D capital cost -0.628*** -1 -0.619*** -1 -0.607*** -1
[0.128] [0.135] [0.108]

Regulatory burden -1.395*** -1.563%** -0.868** -1.051** -0.717** -0.831%**
indicator.; [0.385] [0.382] [0.425] [0.424] [0.283] [0.283]
Fixed effects:
Country, industry, year Y Y Y Y Y Y
Country*year Y Y Y Y N N
Industry*year N N Y Y N N
Observations 1478 1478 1478 1478 1478 1478
R-squared 0.801 0.763 0.810 0.746 0.796 0.787
RMSE 0.6599 0.6624 0.6776 0.6855 0.6242 0.6273

*** significant at 1%; ** significant at 5%; *sigriicant at 10% - Standard errors between brackets
DOLS estimations with one lag and one lead (theéfficients are not presented)
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Table 4:1CT demand
Dependent variable: ICT capital intensity
The price elasticity is constraint to unity in colu (2), (4) and (6)

(1) (2) 3) (4) (5) (6)

ICT capital cost -0.758%** -1 -0.728%** -1 -0.507%** -1
[0.041] [0.045] [0.032]

Regulatory burden -0.263** -0.166 -0.342%* -0.251 -0.089 0.059
indicator.; [0.125] [0.125] [0.164] [0.166] [0.115] [0.120]
Fixed effects:
Country, industry, year Y Y Y Y Y Y
Country*year Y Y Y Y N N
Industry*year N N Y Y N N
Observations 2612 2612 2612 2612 2612 2612
R-squared 0.863 0.845 0.871 0.837 0.842 0.824
RMSE 0.4139 0.4169 0.4220 0.4277 0.4252 0.4450

*** significant at 1%; ** significant at 5%; *sigriicant at 10% - Standard errors between brackets
DOLS estimations with one lag and one lead (theéfficients are not presented)

According to the estimation results of the relat®yrthe elasticities to the relative user cost of
capital are significantly smaller than 1, in absealue, for R&D and ICT demands, whether
or not country*year or industry*year fixed effe@re included. According to these estimates,
a 1 % increase of the relative factor cost woulcrel@se the factor intensity by around 0.6 %
in the case of R&D and between 0.51% and 0.76 #htarcase of ICT.

The coefficient of the regulatory burden indicat®rnegative and generally significant for
both ICT and R&D demands equations. These estimatesensible to the introduction of
fixed effect interactions and to the Cobb-Douglamstraint. These differences are not
statistically significant, mainly because of quiterge standard errors. However, the
differences of the estimated coefficient valueseam@nomically important differences, so the

next section simulation takes these differencesactount.

According to the estimates of relation 3, a 0.Irease of our regulatory burden indicator
would decrease the factor intensity by around %4.tor R&D when option A is preferred

(column 1). However, this effect is much smallémast divided by 2, according to option B
or O estimates (columns 3 and 5). Concerning I®@€&re are also important differences.
According to option A estimates, a 0.1 increaseowf regulatory burden indicator would
decrease the factor intensity by around 2.6 % @¥ (column 1), but this value goes up to
3.4% when industry*year fixed effects are introdligeolumn 3). Moreover, this impact is
much smaller when country*year fixed effects areitted and the estimated coefficient is
even no more significant (column 5). The estimategact of regulatory burden on R&D is
more robust to the hypothesis of a Cobb-Douglasisgation, whereas the sensibility on ICT
is quite the same than for the introduction of diveffect interactions. However, beyond the
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sensibility of the coefficient, it appears cledihat the impact of regulatory burdens is by a lot

higher on R&D capital intensity than on ICT capitgkensity.

As for the productivity equation, appendix B digtinshes the impact of the regulatory burden
indicator between industries investing or not onR&t shows the contrary than for the
impact on MFP: the impact of the regulatory burdaicator on ICT demand is significant
only for the industry investing on R&D. Therefordnere is an interesting ‘story’ when
industry*year fixed effects are included: the R&MDdalCT channels capture the whole
upstream regulations impact on productivity for R&D industries whereas these impact

goes through other channels for the no-R&D indastri

Some previous studies showed also an important dmpé& upstream anticompetitive
regulation on downstream industry productivity gtowsee, among others, Bourlées al,
2010, Barone and Cingano, 2011). In our knowledge estimates are the first to support the
idea that at least part of this impact come thraihgheffects of upstream regulations on R&D
and ICT capital intensity. It appears importanttée into account both these different
channels to appreciate the possible impact of aedee of anticompetitive regulation on the
productivity growth.

VI. Simulations

To further illustrate the influence of regulatoryrdens on MFP performance, we propose an
evaluation of the MFP gains at the national leveif adopting in 2007 the observed lightest
practice of anticompetitive regulation. First, weegent the calculation methods and results.
Then, we break down the important MFP gains diffees between countries into their
various sources. Finally, a retrospective simutatompletes the analysis by measuring the
MFP gains on the 1987-2007 period resulting ofdhserved reforms in order to put things

into perspective.

MFP gains from adopting the lightest practice

The lightest practice is defined, in each upstraashastry, as the average of the three lowest
levels of regulation observed in 2007 among thenttaes in the dataset, and the global

lightest practice corresponds to the lightest jpradh all upstream industries. Chart 1 and 2
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show that the degree of anticompetitive regulationpstream industries differs considerably

among countries.

The evaluation of the MFP gains from the adoptibthe lightest practice of anticompetitive
regulation is realised in two steps. The first stepesponds to the evaluation of the impact of
this adoption on the R&D and the ICT capital inigas. For this, we use the estimate results
of the relation 3. The second step correspondse@valuation of the impact of this adoption
through a direct channel (the direct impact of tagons on MFP) and through an indirect
one (the impact from the change of R&D and ICT tamtensities). For this, we use the
estimate results of the relation 2. The industryAMifains are then aggregated at the national
level according to the 2007 Value Added share @haadustry in the GDP, assuming no
impact on the industries excluded from our analysisaverage, the 13 mobilized industries
represent 53.8 % of the GDP).

As explained before, the evaluation of the reguatourden indicator included in our
empirical specifications is realised using natiomgdut-output table. To evaluate national
specific R&D, ICT and MFP impacts of the adoptidntlee best anticompetitive regulation
practices in upstream industries, we use in ouulgitions for each country its own input-
output table. However, we present below the infbgenf this choice on the MFP impact

evaluation.

Furthermore, we showed in the previous sectionration 2 and 3 estimate results change
importantly if we integrate or not industry*yeaxdd effects among the explanatory variables.
For this reason, we present two sets evaluationthef impact of adopting the best
anticompetitive regulation practices: the Optiocdkresponds to the estimate results obtained
without industry* year fixed effects (we use foistlthe estimate results reported at the first
column of the tables 2, 3 and 4), and the Opti@oBesponds to the estimate results obtained
with industry*year fixed effects (we use for thiwetestimate results reported at the column 3
of the tables 2, 3 and 4).
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Charts 3 represent the impact in the different toes of the dataset of the adoption of the

best anticompetitive regulation practices on R&Dita level and on ICT capital level. The

main results are the following:

The impact is strongly higher with the Option A theith option B on R&D capital
(around 50% more) and slightly higher with the OptB than with the Option A on ICT
capital (around 25% more);

The impact is strongly higher on R&D capital tham I€T capital (around four times for
the Option A and 3 times for the Option B);

The UK and the US are the two countries where theatct is the lowest, their
anticompetitive regulation being also the loweste Tmpact is around 15% (Option B) to
20% (Option A) for R&D capital and around 5% forTiCapital;

At the other extremity, Austria and Italy are theotcountries where the impact is the
highest, their anticompetitive regulation beingoaise highest. The impact is around 50%
(Option B) to 80% (Option A) for R&D capital andoand 15% (Option A) to 20%
(Option B) for ICT capital;

The other countries are between these two extreBwsden, Netherlands and Denmark
closer to the US-UK one and the Czech Republiclarth and Canada closer to the

Austria-Italy one.

Charts 3iong-term impact of product market reforms
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Chart 4 represents the MFP impact in the diffecenintries of the dataset of the adoption of
the best anticompetitive regulation practices. Timpact is composed of a direct component,
calculated with the coefficient of the regulatonyrdeen indicator from the relation 2, and of
two indirect components which intervene through R& ICT impact commented above,
calculated with the coefficients of R&D capital ensity gap and ICT capital intensity gap

indicator from the relation 2. The main results e following:

The global impact is strongly (by a factor arounfl) Zalways higher with the Option A
than with the Option B. This difference comes maiinbm the direct effect and slightly
from the indirect one through R&D capital intensity

- The direct impact is more important than the surntheftwo indirect ones, this difference
being by a lot higher in the Option A (around 4djnthan in the Option B (around 25%

more);

- The UK and the US are the two countries where tnpact is the lowest, their
anticompetitive regulation being also the loweste Tmpacts are around 1% (Option B) to
2.5% and 3% (Option A), respectively;

- At the other extremity, the Czech Republic andyltate the two countries where the
impact is the highest, their anticompetitive regolabeing also the highest. The impact is
around 4%-5% (Option B) to 11%-13% (Option A);

- The other countries are between these two extreNmtherlands, Sweden and Denmark

closer to the US-UK one and Canada, Finland Austdser to the Austria-ltaly one;

- In average over the 15 countries of the datasetjnipact is around 2.5% (Option B) to
6.5% (Option A).
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Chart 4: Impact on productivity
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Break down of MFP gains country differences

In the results presented above, national inputtdgutpatrixes and Value Added shares were
used for each country to calculate its regulatamdbn indicator the impact of its adoption of
lightest practice anticompetitive regulation. Aratlthoice could have been to use the US
input-output matrix and VA shares, the US beingréferential country to evaluate the R&D
and the ICT capital intensity gaps. It seems isting to evaluate the effect of this choice on
our evaluation. It underlines the importance of tfiferences input-output matrix and

industry structure to explain the MFP gains.

The table 6 compares the MFP global impact of tthepaon of the best anticompetitive
regulation practices with different choices conaggrthe input-output matrix and VA shares.
This comparison is proposed for the two possibEagds concerning the year*industry fixed
effects: Option A and Option B (respectively withand with these year*industry fixed
effects). Columns 1 and 4 correspond to the MFRachpresented above, columns 2 and 5 to
the impact when the US input-output matrix is ussdumns 3 and 6 when the US input-

output matrix and VA shares are uséd:he main results are the following:

- The choice of the input-output matrix (to calculdte regulatory burden indicator of each
country) has a consequent influence on the evaluMtEP impact of the adoption of
lightest practice regulation. As the intensity seuegulated intermediate inputs is low in

the US, the choice of the US matrix decreasesripact, from a proportion of 20% (for

12 Thus, the columns 3 and 6 allow comparing with S the differences of MFP gains induced by the
differences of excess regulations “all other thihgsg equal”.
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Netherlands, for example) to a proportion of 45% (he Czech Republic). Nevertheless,

the impact stays consequent in all countries;

- The choice of the domestic or US VA shares hasengible influence on the MFP impact
of this policy. This influence can be positive @gative, and in absolute proportion value
the highest influence is observed for Finland whbeechoice of the US matrix decreases
the MFP impact by 15%.

All these results give a strong confirmation to th&gnosis that anticompetitive regulation in
the upstream industries contributes to restrict Mfgs. This influence comes through
different channels: a direct one and two indirbcbtigh R&D and ICT capital intensity, the
direct channel being the most important. Adoptimg test anticompetitive regulation
practices would support strongly the growth striegmplemented in the countries of our

dataset, and consequently their public finance a@aretion strategies.

Table 6:Simulated MFP gains from reforms, depending on I-Qables and industry weights

(1) (2) 3) (4) (5) (6)
UK 2,6% 1,7% 1,7% 1,0% 0,7% 0,6%
USA 3,1% 3,1% 3,1% 1,2% 1,2% 1,2%
Netherlands 3,4% 2,8% 2,8% 1,3% 1,1% 1,1%
Sweden 4,1% 3,0% 2,7% 1,6% 1,2% 1,0%
Denmark 4,3% 3,6% 3,5% 1,6% 1,4% 1,3%
Japan 4,9% 3,8% 3,5% 1,9% 1,5% 1,4%
Spain 5,6% 3,8% 4,2% 2,2% 1,5% 1,6%
Germany 5,9% 4,4% 3,5% 2,4% 1,7% 1,4%
Australia 6,6% 4,6% 4,9% 2,5% 1,7% 1,9%
France 7,1% 5,7% 5,4% 2,8% 2,2% 2,1%
Canada 9,2% 7,5% 7,2% 3,6% 2,9% 2,8%
Finland 9,9% 6,8% 5,8% 3,9% 2,6% 2,2%
Austria 10,3% 7,6% 7,6% 4,1% 2,9% 2,9%
Czech. Rep. 11,1% 5,9% 5,4% 4,3% 2,2% 2,0%
Italy 12,9% 7,2% 7,2% 5,0% 2,8% 2,8%
Average 6,7% 4,8% 4,6% 2,6% 1,8% 1,7%
I-O table Domestic us us Domestic us us
Industry weights Domestic Domestic us Domestic Domestic us
Specification| A A A B B B

Retrospective analysis

Chart 1 shows large reductions of the value of Rii&G indicator over the sample period.
Therefore, it is interesting to complete the pregisimulation by the calculation of the MFP
gains on the 1987-2007 period induced by the olkseNMR reforms. The calculation

method is the same as previously. In particular,uge of domestic input-output matrix and
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value added shares and the estimated coefficiatit®owt industry*year fixed effects (option

A) or with these fixed effects (option B).

Chart 5 shows the MFP gains induced by the NMRrme$o(on the left axis) as well as the
observed MFP growth (on the right axis) on the sgmeod. These last are unweighted
averages of the industry level estimation samplePMffowth13 The country average MFP
gains from observed NMR reforms over the wholeqzkare 7.60% (0.35% per year) when
using the option A estimated coefficients, and 30@®.14% per year) with the option B.
These gains are sensible. The comparison with bsereed MFP growth over the same
period put things into perspective. Indeed, thentguaverage MFP growth is 102.55%

(3.30% per year), so much more than the impact\RNeforms.
Chart 5:MFP gains over the 1987-2007 period from observedNiR reforms
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13 The MFP gains of NMR reforms are calculated oa wWhole 1987-2007 period and the 13 industry,
whereas the country MFP growth are observed onuttmalanced estimation sample. This unbalanced
panel has an important impact on MFP growth difiees between countries. Moreover, as the estingtion
and simulations are also done on a small numbirdeftries, a comparison with national accountingFv
growth is hardly possible.
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VIl.  Conclusion

We have investigated the R&D and ICT investmentsjmds channels through which
upstream industry anticompetitive regulations imgaoductivity. To our knowledge, it is the
first attempt to try out this characterization. Huis, we have estimated a production function
where productivity depends directly on upstreamul@gpns and also on R&D and ICT
capital, as well as two factor demand functionserghR&D and ICT accumulation depends
also on upstream regulations. From this approddmas been possible to distinguish direct
and indirect impacts of regulations on productivitthe empirical investigation has been
realized on a country-industry unbalanced panedsddf including 2612 observations on 14
OECD countries and 13 manufacturing and marketieemdustries over the 1987-2007

period.

From the estimation results, it has been posstbivaluate the long term national level MFP
gains from adopting the observed lightest praaticenticompetitive regulations. The lightest
practice is defined, in each upstream industrythasaverage of the three lowest levels of
regulations observed in 2007 among the countrigkéndataset. Two evaluations have been
proposed: one (Option A) corresponds to the estimegults obtained without industry*year
fixed effects and the other one (Option B) correslsoto the estimate results obtained with
industry*year fixed effects. It has appeared tling tlirect impact of regulations is always
larger than the sum of the two indirect ones (26% three times more). The main results are
that: (i) The global impact is strongly (by a facewound 2.5) always higher with Option A
than with Option B. This difference comes mainlgnir the direct effect and only slightly
from the indirect one through R&D capital intensi{y) The UK and the US are the two
countries where the impact is the lowest, theiicantpetitive regulations being also the
lowest. The global impact goes from around 1% (@ptB) to 2.5% and 3% (Option A),
respectively. At the other extremity, the Czech l#jgc and Italy are the two countries where
the impact is the highest, their anticompetitivgutation being also the highest. The impact
goes from around 4%-5% (Option B) to 11%-13% (QOptid). The other countries lie

between these two extremes.

All these results give a strong confirmation to th&gnosis that anticompetitive regulations in
the upstream industries contribute to restrictingPMgains. This influence comes through
different channels: a direct and two indirect tlglotR&D and ICT capital intensity, the direct
channel being the larger. These results give stmpepolicies aiming to substantially raise

31



productivity and GDP growth through a decreasehef wpstream industry anticompetitive
regulations. In the current period, these typesstadictural reforms could help the fiscal
consolidation implemented in numerous countrieslégrease sovereign debt, in terms of

GDP percentage.

Nevertheless, our estimates do not take into adcother regulations which could also
impact productivity growth, as for example labouarket ones. Several studies (see among
others Aghionret al. 2009) showed that labour market regulations camlgiact productivity
either directly or through an interaction with poatl market regulations, as upstream industry
regulations taken into account in this study. Témge direct impact of the upstream industry
regulations on productivity could also act, by dsantial proportion, from labour market
regulations. Our results open the way for fututel&s trying to go further in the analysis of

the impact of regulations on productivity growth.
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APPENDIX A: DATA PRESENTATION

This appendix presents the data and calculatiomadstin more detail than section Ill. The
first part focuses on capital stocks and the Ma#tctor Productivity (MFP) index whereas the
second part improves understanding of the OECDcamipetitive Non-Manufacturing

Regulation indicators (see Conway and NicolettiO@O0for a more detailed presentation of

these indicators).

Multi-Factor Productivity

Data required by the MFP calculations come from@eCD and EU KLEMS databases: (i)
data on value added, Purchasing Power Paritieslogmpnt in number of person engaged
and labor compensation come from the OECD STANIde®; (i) R&D investments data
come from the OECD ANBERD database; (iii) the bosakn of R&D investments between
intermediate consumptions, physical investments R&D employment come from various
OECD databases; and (iv) physical investments gadnel prices come from the EU KLEMS
database. To avoid double counting of the R&D itwesits and thus to treat symmetrically
the ICT and R&D production factors, the value addedhcreased by the amount of R&D
intermediate consumptions whereas the R&D employnmevel and compensations are

deducted from the total employment level and corsatonl4

We merge data for 18 manufacturing and service siidis, covering the whole market
industry except 3 industries: ‘Agriculture, huntinfprestry and fishing', 'Mining and
quarrying' and 'Real Estate activity' The list of these 18 industries is presented dneTal

as well as their ICT and R&D investments coeffitsefn.e., the ratio of investment over value
added) on average over the 2001-2005 period. Feo% tindustries greyed out, Table 1 shows
very low ICT and R&D coefficients, respectively 88 and 0.62% on average, against
3.05% and 3.63% for the 13 other industries. Asavgeinterested on the impact of 'upstream’
regulations on ICT and R&D, these 5 industries exeluded from the estimation sample.
Among the 13 remaining industries, all are investsensibly in ICT but 5 are almost not

investing in R&D. Indeed, for these 5 industriesegented in italics, the average R&D

14 Because of the lack of data availability, the R&Kpenses in physical investments are not deddcted
the total physical investments.

15 These 18 industries represent the maximum lefvdisaggregation available when using our datacsesur
This number of industries is smaller than in Bosidgal. (2010) as some industries are aggregated together
because of R&D expenses data availability.
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investment coefficient is of 0.57% against 5.54%tFe 8 others industries. Therefore, these
5 industries are excluded from the sample whemasitng the R&D demand. The choices of
excluding some industries but not others are sonastiarbitrary; however our estimation

results are robust to these choices.

Table AL:ICT and R&D investment coefficients sample averagesn the 2001-2005 period
The investment coefficients are the ratio of IC¥eistments over value added in current prices

INDUSTRIES ISIC rev. 3 code ICT coef. R&D coef.
FOOD PRODUCTS, BEVERAGES AND TOBACCO 15-16 1,61% 1,10%
TEXTILES, TEXTILE PRODUCTS, LEATHER AND FOOTWEAR 17-19 1,23% 1,16%
WOOD AND PRODUCTS OF WOOD AND CORK 20 1,13% 0,38%
PULP, PAPER, PAPER PRODUCTS, PRINTING AND PUBLISHING 21-22 2,80% 0,64%
CHEMICAL, RUBBER, PLASTICS AND FUEL PRODUCTS 23-25 1,78% 8,05%
OTHER NON-METALLIC MINERAL PRODUCTS 26 1,43% 1,37%
BASIC METALS AND FABRICATED METAL PRODUCTS 27-28 1,48% 1,33%
MACHINERY AND EQUIPMENT, N.E.C. 29 2,20% 5,06%
ELECTRICAL AND OPTICAL EQUIPMENT 30-33 4,30% 16,01%
TRANSPORT EQUIPMENT 34-35 2,24% 10,28%
MANUFACTURING NEC; RECYCLING 36-37 1,37% 1,41%
ELECTRICITY GAS AND WATER SUPPLY 40-41 2,72% 0,40%
CONSTRUCTION 45 0,74% 0,14%
WHOLESALE AND RETAIL TRADE; REPAIRS 50-52 2,09% 0,24%
HOTELS AND RESTAURANTS 55 0,95% 0,00%
TRANSPORT, STORAGE, POST AND TELECOMMUNICATIONS 60-64 6,64% 0,54%
FINANCIAL INTERMEDIATION 65-67 5,65% 0,32%
RENTING M&EQ AND OTHER BUSINESS ACTIVITIES 72-74 4,70% 1,85%

Industries with almost no ICT and R&D investmente(tiexcluded from the estimation sample) are greyed
Industries with almost no R&D investments (but somECT) are in italics
The industries which are also ‘upstream’ are urciedl

Physical investments in constant prices are condputgng national level deflators. To
calculate the ICT investment deflator, the USA estnsively hedonic methods relatively to
other countries and, therefore, we prefer to usdJdB8A ICT investment relative prices for all
the countriedé Because of the lack of data availability, we use manufacturing deflator as
a proxy for R&D investment prices. Capital stock® aalculated with the Permanent
Inventory Method (PIM), investment taking place final-period and assuming geometric
rates of depreciation. The EU KLEMS database djsishes between 3 ICT and 3 non-ICT
assets. We compute the capital stocks for eacheskt6 assets and then we aggregate them
into non-ICT and ICT capital stocks. It allows wsdonsider different depreciation rates for

the assets: 5% for non-residential structures%l@or transport and other non-ICT

16 Note that for the same reasons we have modifiedvelue added prices of the “Electrical and optica
equipment” industry, which include communicatiordaomputing equipment. Prices in this industry for
the USA are extensively based on the hedonic priethod and, therefore, are not comparable withethos
of other countries that do not apply this methodisTcan have an important impact on measures of
productivity growth. As for ICT investments, we taore substitute USA hedonic value added prices fo
domestic prices in this industry.
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equipments, 15 % for communication equipments, 26°9R&D and 30 % for hardware and

software.

Physical investments data are available from 1970tlbe R&D investments are available
only since 1987 at the industry level. The issuearhputing the initial R&D capital stock is
therefore important. We first calculate an R&D ¢alpstock at the aggregate level, using data
starting in 1981, and then this stock is sharedvéen industries according to their share in
total R&D expenses to proxy for the initial R&D ¢t stock. To compute the initial capital
stocks K, of aggregate R&D or non-ICT physical capital wee uthe formulak, =
17/(8 + g) with 17 the investment in constant price the first yeailable,s the depreciation
rate andg the value added growth rate over the previous dkecRegarding ICT capital
stocks, we assume an initial capital stock of zertO71.

Chart A1 shows the country average ratio of doroestier USA R&D and ICT capital

intensity (i.e., ratios of R&D or ICT capital stackver employment). The estimation sample
is strongly unbalanced, but less on the 2001-2@0®¢, therefore we compute the ratios on
this period. Chart A1 shows important differencesa®een countries. Moreover, the ranking

of countries is very different for R&D and ICT ctadiintensities.

Chart A1:R&D and ICT capital intensity ratio with the US,
country sample 2001-2005 average
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The MFP index mobilized in our estimations taket® iaccount of labor and the non-ICT
physical capital stocks but omit the R&D and ICpital stocks:

mfPeie = Veir — leie) — @i(Ceir — leir)

With small letters for logarithms, c, i and t thmuatry, industry and time indices, respectively,
Y the value added, L the labor, C the non-ICT ptelstapital stock and the non-ICT capital
elasticity, assumed equal to its share in totatscoemputed on the US data over the whole
estimation period. Chart A2 shows the country ayenatio of this MFP index over its USA
value on the 2001-2005 period: every country isegiar from the USA MFP.

Chart A2:MFP ratio with the US, country sample 2001-2005 avage
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Table A2 presents the estimation sample quartihes averages in level and annual growth
rates of each variable mobilized in the 3 estimatgaations as well as the two components of
the MFP index, i.e. the labor productivity and then-ICT capital intensity, which are. On

average, the MFP and ICT intensity gaps with theAld®e stable over time, whereas the
R&D intensity has converged by 1% per year. Thatned cost of ICT capital has decreased
strongly, leading to a huge increase in capitansity of 11.34% per year on average. There
is also an important growth rate of R&D intenslkiyt this rate is two time smaller on average

than for ICT intensity (5.85%).

Table A2:Descriptive statistics

Level (b) Annual growth rate (in %) (c)

Ql Median Q3 Mean Ql Median Q3 Mean
Regulatory burden indicator 0.40 0.65 0.89 0.65 -4.75 -2.62 -1.17 -3.33
MFP gap -0.55 -0.39 -0.25 -0.42 -4.06 -0.20 3.59 -0.20
ICT capital intensity gap -1.10 -0.75 -0.27 -0.73 -5.22 -0.13 5.30 0.28
R&D capital intensity gap (a) -1.28 -0.54 -0.04 -0.62 -4.94 1.01 7.02 1.55
ICT capital intensity 5.30 5.96 6.74 6.01 5.93 10.39 15.55 11.34
ICT capital relative cost -0.18 0.18 0.61 0.24 -16.20 -9.11 -2.94 -9.98
R&D capital intensity (a) 5.63 6.52 7.65 6.54 1.06 5.12 10.22 5.85
R&D capital relative cost (a) -0.07 0.03 0.18 0.05 -7.18 -3.10 0.73 -3.28
Labor productivity 4.41 5.51 7.24 6.54 -3.10 2.65 6.24 3.61
Non-ICT capital intensity 1.80 2.35 3.89 2.98 -0.29 2.08 4.65 2.46

(a): the low R&D industries are excluded from thmpke
(b): the variables are in logarithm, except thgulatory burden’ indicator
(c): annual growth rates in difference of logarithntluding for the ‘regulatory burden’ indicator
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Product market regulation indicators

The OECD anticompetitivé&Non-Manufacturing Regulations (NMR) indicators measto.
what extent competition and firm choices are rettd where there are no a priori reason:
government interference, or where regulatory gaalsld plausibly be achieved by le
coercive meand.hey are baseon detailed information on laws angles. This information i
the raw material allowing calculating the aggregaticator;, as presente¢ by Diagram 1. For
each NMR indicator, the detailed information isfiaggregated into 5 s-level indicators:
public ownership, public control on business atfjMegal barriers to entry, market struct
and industry structurehese 5 si-level indicators are not calculated systematictdtyeach
upstream industry as they are always relevant). Then, these dabel indicators ar
aggregated into one indicator for each upstreamsing The ste distinguishing betwee
‘state control’ and ‘barriers to entrepreneurshiphot used by the OEC to calculate the
aggregated indicator8Ve present lis step because these two ‘niédel’ indicators ar used
in appendix B.Indeed, as it would be discuss, we could expedergiit impact of ‘stat

control’ and ‘barriers to entrepreneurship’ on emoic activity of downstream industri

Diagram 1:Aggregation of the detailed information onanticompetitive regulations
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Table A3 shows the questionnaire used to calctleelegal barriers to entry’ sub-indicator

for professional services, as well as the codinghef answers and their weights for the

aggregation. This example could help improve uridading of what is really measured by

the OECD NMR indicators. Obviously, it is impossilib show each questionnaire, but this

one is quite typical (all the questionnaires arailable on the OECD *“Indicators of Product

Market Regulation Homepage”).

Table A3:The gquestionnaire on ‘legal barriers to entry’ for professional services
Scale 0-6, 0 for the most pro-competitive regulatio

Weights by Question .
Cod f dat

theme (b)) weights (cy) oding ot data
Licensing: 2/5
How many services does the profession have an 0 1 2 3 >3
exclusive or shared exclusive right to provide? 1 0 1,5 3 4,5 6
Education requirements 25
(only applies if Licensing not 0):
What is the duration of special .
education/university/or other higher degree? 0.33 equals number of years of education (max of 6)
What s the duration of compulsory practice equals number of years of compulsory practice
necessary to become a full member of the 0.44 q v P yp

; (max of 6)

profession?
Are there professional exams that must be passed 0.22 no yes
to become a full member of the profession? 0 6
Quotas and economic needs tests 1/5
Is the number of foreign professionals/firms no yes
permitted to practice restricted by quotas or 1 0 6

economic needs tests?

The coding of data is indicated under each possihésver.
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APPENDIX B: SENSITIVITY ANALYSIS

Section V shows the main estimation results and geasitivity to the introduction of various
fixed effects and, for the factor demands, to thebl&Douglas production function
assumption that the elasticity of substitution kesw all factors is equal to one. The main
estimates are robust to most of these first seitgitanalyses, except the direct impact of
upstream regulations on productivity. Indeed, tmpact is no more statistically significant
when industry*year fixed effects are introduced.ef@fore, section VI presents policy
simulation calculated according to the parametstsnated when the industry*year fixed
effect are omitted (option A) and alternative siatigins using the estimation results including

these fixed effects (option B).

This appendix continues the sensitivity analyse&st,Fve investigate how much the impact of
upstream regulations differs between industriessting or not on R&D (called R&D and no-
R&D industries thereafter). Then, we study the gtbass with respect to the constraints on
return to scale and on non-ICT capital elastiddext, we investigate the introduction of a
catch-up term in the production equation and itgseion in the factor demand specifications.
Then, we allow the impacts of barriers to entrepueship and of state control to differ.
Finally, we complete the section V sensitivity asals with respect to the fixed effects by the

introduction of country*industry fixed effects ihg estimated specifications.

Impact of upstream regulations in R&D and no-R&D industries

Whereas all industries in the estimation sampleiresting on ICT, only 8 industries are
investing on R&D (“Chemicals Products”, “Other Mmaé Products”, “Metal Products”,
“Machinery and Equipment”, “Electric Equipment”, r8nsport Equipment” and “Energy”)
and 5 industries are not (“Food Products”, “Wooddects”, “Manufacturing NEC”,
“Construction” and “Hotels and Restaurants”). Wevestigate whether the impact of
upstream regulations on MFP index and on ICT demdiffér between both industry

groupsl’

17 we focus here on the coefficient of the REG iattic. However, the R&D and ICT capital elasticignc
also differ between industries. Indeed, when theDR&d ICT capital intensity gaps in the productivit
equation are interacted with their respective sbstres (calculated on the US and averaged on @i 19
2007 period), these interaction terms are posaive significant. In other words, the industrieseisting
substantially on R&D or ICT are also the industhesefiting the most, per unit, of these investment
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Table Bl presents the impact of upstream regulatmm productivity (B1.1) and on ICT
demand (B1.2), with or without industry*year fixeffects, for all industries as in section V
(col. (1) and (3)), or separately for R&D and no{R&dustries (col. (2) and (4)). According
to the estimation results, the impact of upstreagulations on productivity and ICT demand
are statistically different between the 2 indugirgups only when industry*year fixed effects
are included in the estimated specification (c4)).(In this last case, the negative impact of
upstream regulations on ICT demand is statisticsiliyificant only for the R&D industries
whereas, on the contrary, the ‘direct’ impact ofstupam regulations on productivity is
statistically significant only for the no- R&D indtries. To sum up, there is an interesting
‘story’ when industry*year fixed effects are inckdl the R&D and ICT channels capture the
whole upstream regulations impact on productivity the R&D industries whereas this

impact goes through other channels for the no-R&dustries.

Table B1:Upstream regulation impacts of industries investingor not on R&D

B1.1 Production function
Dependent variable: MFP gap with the US

(1) (2) (3) (4)
Gap in ICT capital intensity 0.052%** 0.053*** 0.074*** 0.073%**
[0.009] [0.009] [0.009] [0.009]
Gap in R&D capital intensity 0.078*** 0.077*** 0.069*** 0.071%**
[0.007] [0.008] [0.008] [0.008]
All industries -0.234%** -0.064
Regulatory burden [0.054] [0.062]
o R&D industries -0.250*** -0.044
indicator_;
[0.055] [0.062]
no-R&D industries -0.187*** -0.188***
[0.067] [0.073]
Fixed effects:
Country, industry, year Y Y Y Y
Country*year Y Y Y Y
Industry*year N N Y Y
Reg impact equality test (p-values) 0.2037 0.0029
Observations 2612 2612 2612 2612
R-squared 0.565 0.566 0.646 0.647
RMSE 0.1821 0.1821 0.1720 0.1718

*** significant at 1%; ** significant at 5%; *sigrficant at 10% - Standard errors between brackets
DOLS estimations with one lag and one lead (theéfficients are not presented)
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B1.2 ICT demand
Dependent variable: ICT capital intensity

(1) (2) (3) (4)
ICT capital costs -0.741%** -0.732%** -0.712%** -0.723%**
[0.041] [0.042] [0.044] [0.045]
All industries -0.281** -0.368**
Regulatory burden [0.126] [0.165]
. R&D industries -0.245* -0.398%**
indicator_;
[0.128] [0.166]
no-R&D industries -0.417%** -0.144
[0.154] [0.210]
Fixed effects:
Country, industry, year Y Y Y Y
Country*year Y Y Y Y
Industry*year N N Y Y
Reg impact equality test (p-values) 0.1253 0.0866
Observations 2612 2612 2612 2612
R-squared 0.862 0.862 0.870 0.870
RMSE 0.4163 0.4162 0.4237 0.4235

*** significant at 1%; ** significant at 5%; *sigriicant at 10% - Standard errors between brackets
DOLS estimations with one lag and one lead (theéfficients are not presented)

Robustness with respect to the constraints on retar to scale and non-ICT capital

elasticity

To estimate more conveniently the productivity eémum we assume constant return to scale
and we calibrate the non-ICT capital elasticityitsyshare on total costs. We show in this

section that our estimation results are robughése assumptions.

To relax both assumptions leads to estimate theviolg productivity equation:

Ip_gap.i: = nl_gap.;: + ac_gapi: + yd_gapc;c + 6k_gapcis — W REGgir—q + Ugit

with: Ip_gap.;; = (yci,t - lci,t) - (YEi,t - lEi,t)a C_gapcic = (Cci,t - lci,t) - (CEi,t - lEi,t)a
l_gapci’t = lCi,t - lEi,t andT[ =a+ Y + 1) + ﬁ -1

Constant return to scale induces= 0, whereas the non-ICT capital elastiaityis calibrated
to around 0.19 on industry average (note that #idration is industry specific). Table B2
presents DOLS regression results, with and withadustry*year fixed effects, for this
empirical specification (col. (4) and (8)) as wadl for relation 3 (col. (1) and (5)) and when

the variablegp_gap orl_gap are omitted (col. (2), (3), (6) and (7)).

The estimated impacts of labor and non-ICT caiti@nsity gaps are close to their expected
values:m is next to zero whereas the non-ICT capital etagtis slightly smaller than its

calibrated value. The introduction of the non-ICdpital intensity gap reduces the R&D
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capital elasticity, whereas the estimated ICT edptasticity and the impact of upstream

regulations are always robust.

Table B2:Sensibility to the production function assumptions

Dependent variable MFP gap LP gap MFP gap LP gap
(1) (2) 3) (4) (5) (6) (7) (8)
Gap in labor -0.012 -0.026** -0.024* -0.043***
[0.013] [0.013] [0.013] [0.013]
Gap in non-ICT capital 0.151%** 0.161%** 0.145%** 0.158%**
intensity [0.012] [0.013] [0.012] [0.013]
Gap in ICT capital intensity 0.052*** 0.060*** 0.046*** 0.048*** 0.074*** 0.079*** 0.064*** 0.066***
[0.009] [0.009] [0.009] [0.009] [0.009] [0.009] [0.009] [0.009]
Gap in R&D capital 0.078*** 0.077%** 0.040*** 0.038%** 0.069*** 0.068*** 0.037%** 0.034***
intensity [0.007] [0.007] [0.007] [0.007] [0.007] [0.007] [0.006] [0.006]
Regulatory burden -0.234*** | -0.240*** | -0.205*** | -0.203*** -0.064 -0.078 -0.050 -0.034
indicator.; [0.055] [0.055] [0.051] [0.051] [0.067] [0.067] [0.063] [0.064]
Fixed effects:
Country, industry, year Y Y Y Y Y Y Y Y
Country*year Y Y Y Y Y Y Y Y
Industry*year N N N N Y Y Y Y
Observations 2612 2612 2612 2612 2612 2612 2612 2612
R-squared 0.565 0.577 0.627 0.631 0.646 0.653 0.688 0.692
RMSE 0.1821 0.1797 0.1686 0.1679 0.1720 0.1705 0.1614 0.1607

*** significant at 1%; ** significant at 5%; *sigrficant at 10% - Standard errors between brackets
DOLS estimations with one lag and one lead (theéfficients are not presented)

Robustness with respect to catch-up terms

Our main empirical productivity specification asssihat the relationship between the MFP
of the follower and the leader country is bounded given fixed effects). In other words, we
assume that the coefficient of the cointegrated Ilterm relationship between the MFP
indexes is equal to one in equation 1 (see sedtjorOn the contrary, catch-up term are
omitted into the factor demand specifications, aseg that cross-country common changes
are already taken into account by the price effantsthe years fixed effects. In the following
paragraphs, we investigate the sensitivity of thEnnestimates to these assumptions and

show the robustness of the results.

Relaxing the assumption of a bounded relationsiei@dd to the following empirical

productivity specification:

mfPpeie = cst + p (mfpeie = ¥(deie — leie) = S(keve = leie) ) + ¥ (dere = Lese) +
5(kci,t - lci,t) —URegir—1+ Uy
If p =1 then this equation is equivalent to our main erogirspecification. Note that this
equation introduces constraints between the coefis, as we assume that the capital

elasticities are identical across countries in ptdeensure the comparability of followers and
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leaders MFP. Table B3 presents the estimation teesfilthis specification (col. (2)) and of
our main specification (col. (1§ According to the estimation results, the catch-up
coefficient p = 0.869 is smaller than expected, but the estimated ICd B&D capital

elasticity as well as the impact of upstream reiguia are robust.

Table B3:Robustness of the productivity equation estimatesith respect to catch-up

Dependent variable MFP gap MFP
(1) (2)
% %k %k * %k k
Gap in ICT capital intensity 0&8.50209] 0&8&0608]
Gap in R&D capital 0.078%** 0.077%**
intensity [0.007] [0.007]
Regulatory burden -0.234%** -0.180***
indicator.; [0.055] [0.051]
0.869***
MFP US (0.016]
Fixed effects:
Country, industry, year Y Y
Country*year Y Y
Industry*year N N
Observations 2612 2612
R-squared 0.565 0.562
RMSE 0.1821 0.1709

*** significant at 1%; ** significant at 5%; *sigriicant at 10% - Standard errors between brackets
DOLS estimations with one lag and one lead (theéfficients are not presented)

To investigate the robustness of ICT and R&D denestanates with respect to catch-up, we
introduce the ICT and R&D capital intensities oé tleader country, respectively. Table B4
presents the estimation results. The estimatedficeet of the catch-up variable is not
statistically different from 0 for the ICT demanddais statistically significant but small,
relatively to the productivity equation, for the R&lemand. The estimated coefficients of the
relative capital costs and, more importantly, timpact of upstream regulations are strongly

robust to the addition of these catch-up variables.

18 Note that when the industry*year fixed effects artroduced they already take into account ofléaeler
variables and both equations are equivalents.
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Table B4:Robustness of the demand factors estimates with gect to catch-up

B4.1:R&D demand B4.2:ICT demand
Dependent variable: R&D capital intensity Dependent variable: ICT capital intensity
(1) (2) (1) (2)
) -0.628*** -0.615*** ) -0.758*** | -0,759%**
R&D capital costs (0.128] [0.128] ICT capital costs [0.041] [0.042]
Regulatory burden -1.395%** | -1.383%** Regulatory burden -0.263** -0.278**
indicator, [0.385] [0.389] indicator.; [0.125] [0.129]
o . 0.252%** L ) -0.091
R&D capital intensity US [0.096] ICT capital intensity US [0.073]
Fixed effects: Fixed effects:
Country, industry, year Y Y Country, industry, year Y Y
Country*year Y Y Country*year Y Y
Industry*year N N Industry*year N N
Observations 1478 1478 Observations 2612 2612
R-squared 0.801 0.802 R-squared 0.863 0.864
RMSE 0.6599 0.6585 RMSE 0.4139 0.4135

*** significant at 1%; ** significant at 5%; *sigrficant at 10% - Standard errors between brackets
DOLS estimations with one lag and one lead (theéfficients are not presented)

Barriers to entrepreneurship and state control impats

The industry anticompetitive product market regalatndicators are made up of two main
regulatory areas: state control and barriers taeprgneurship. The former mobilizes
information on public ownership of leader firms amal public control on business activity
(mainly price control). The last takes into accoohtegal barriers to entry, market structures
and industry structure. The purpose of state coniay be to internalize market externalities
or provide public services, and then may not leathtrease the upstream rents, unlike the
barriers to entrepreneurship. Therefore, accorthraur theoretical motivations, the impact of
these two regulatory areas on efficiency improvemeocentives could be qualitatively

different.

We investigate this possibility by computing twdfelient regulatory burden indicators, one
using the indicators on state control and the sgesmng data on barriers to entrepreneurship
(the main regulatory burden indicator is equal he sum of these two indicators). We
introduce these regulatory burden indicators ihwdstimated specifications and then test the
assumption of coefficient equality, with or withoudustry*year fixed effects. Table B5
presents the results. The assumption of the caaitiequality cannot be rejected, even at
10%, for the productivity equation (col. (1) and)(and the ICT demand (col. (5) and (6)),
but the coefficients of the two regulatory burdedicators are statistically different for the
R&D demand (col. (3) and (4)).
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Table B5: Equality tests of the impacts of the of state contd and barriers to
entrepreneurship regulatory burden indicators (p-vdues)

Productivity equation R&D demand ICT demand

(1) (2) (3) (4) (5) (6)
Equality test (p-value) 0.825 0.407 0.000 0.000 0.122 0.186
Fixed effects:
Country, industry, year Y Y Y Y Y Y
Country*year Y Y Y Y Y Y
Industry*year N Y N Y N Y
Observations 2612 2612 1478 1478 2612 2612

Tests based on the DOLS estimates with one lagpaadead

Table B6 presents these R&D demand estimates(@ohnd (6)), the main estimation results
(col. (1) and (5)) as well as the results when amg of the two different regulatory burden
indicators is introduced. The coefficient of theukatory burden indicators of barriers to
entrepreneurship is statistically significant, negaand stronger than the coefficient of the
main regulatory burden indicator, whereas the ouefit of state control is positive and
statistically significant. A possible explanatianthat downstream firm incentives to improve
efficiency are higher when there is state controlupstream firms if these last are not

grabbing part of the innovative rents.

Table B6:Impact of direct state control on R&D demand
Dependent variable: R&D capital intensity

1) 2) 3) 4 (5) (6) (1) (8)
R&D capital costs -0.628%** -0.547%** -0.618*** -0.511%** -0.619*** -0.547*** -0.627%** -0.512%**
[0.128] [0.126] [0.125] [0.129] [0.135] [0.133] [0.132] [0.135]
All -1.395%** -0.868**
regulations [0.385] [0.425]
g g | Allbutstate -4.156%** | -3.824%*x -3.649%** | .3.324%**
g § ® | control [0.546] [0.540] [0.604] [0.601]
W5 2.242%** 1.389** 2.535%** 1.946***
£ 5 £ | Statecontrol [0.642] [0.646] [0.678] [0.681]
Fixed effects:
Country, industry, year Y Y Y Y Y Y Y Y
Country*year Y Y Y Y Y Y Y Y
Industry*year N N N N Y Y Y Y
Observations 1478 1478 1478 1478 1478 1478 1478 1478
R-squared 0.801 0.808 0.806 0.799 0.810 0.816 0.814 0.810
RMSE 0.6599 0.6475 0.6504 0.6621 0.6776 0.6661 0.6699 0.6764

*** significant at 1%; ** significant at 5%; *sigriicant at 10% - Standard errors between brackets
DOLS estimations with one lag and one lead (theéfficients are not presented)
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Robustness with respect to the introduction of couny*industry fixed effects

Section IV motivates the set of interacted fixefgées included in the estimated specifications
in addition to the separate country, industry aadryfixed effects. Indeed, the simultaneous
introduction of all the interacted fixed effects wid take into account of most of the data
variability (see Table 1), thus the identificatiohthe coefficients of interest would be almost
impossible. Therefore, we must add to the sepdiaesl effects only the interactions
preventing from the most important sources of bi&& assume that country*year fixed
effects are the most relevant, as they take intowtt of country shocks, potential lobbyism,
between industry correlations of regulation changéhin country and of various omitted
variables. Section V shows the estimates when tliged effects are included and the
sensitivity of these estimates to the introductainindustry*year fixed effects, these lasts
taking into account of important industry specidlanges as well as catch-up effects (making

our estimates fully independent of the choice atllag country).

The country*industry fixed effects are not includedsection V specifications. These fixed
effects are important when estimating the impaategllations within industries, as omitted
country*industry specific factors may explain bettonomic activity and regulations, but we
investigate the impact of regulations in one indusin the economic activity of other
industries. Thus, these fixed effects seem lessvaet. However, in order to be more
comprehensive, Table B7 shows the robustness ofestamates with respect to the

introduction of country*industry fixed effects.

Table B7 first two columns show the estimates wtiencountry*industry fixed effects are

omitted, without or with country*year fixed effectss in section V specifications (see Table
2, 3 and 4 col. (1) and (5)), whereas the coumiddstry fixed effects are added to the
estimated specifications of the two other colunifisese last estimates confirm the smaller
value of the estimated coefficient of the regubatourden indicator when country*year fixed

effects are omitted (which could be interpreteduaderestimation according to section IV
motivations). Mainly, the estimates are robust witkspect to the introduction of

country*industry fixed effects, particularly wheountry*year fixed effects are also included.
On the other hand, the R&D and ICT elasticities aeey sensitive, leading to estimated
values unlikely, according to the abundant literaton these topics, which may be explained

by the lack of remaining data variability.
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To sum up, the direct effects of upstream regutation productivity, R&D intensity and ICT

intensity are robust with respect to the inclussbrrountry*industry fixed effects, but not the
indirect impact on productivity through the R&D ai@T channels, as the estimated R&D
and ICT elasticities are very sensitive. Howevéastiity values very different from section
V estimations are unlikely.
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Table B7:Robustness with respect to the country*industry fied effects

B7.1:Production function
Dependent variable: MFP gap with the US

1) (2 3) 4

Gap in ICT capital intensity 0.048*** 0.052*** 0.008 -0.047%7%

[0.008] [0.009] [0.010] [0.013]
Gap in R&D capital intensity 0.083"* 0.078™** 0.125%** 0.125%**

[0.007] [0.007] [0.011] [0.014]
Regulatory burden indicator.; -0.226™** -0.2347% -0.145%% 01797

[0.050] [0.055] [0.035] [0.055]
Fixed effects:
Country, industry, year Y Y Y Y
Country*year N Y N Y
Industry*year N N N N
Country*industry N N Y Y
Observations 2612 2612 2612 2612
R-squared 0.526 0.565 0.823 0.861
RMSE 0.1818 0.1821 0.1168 0.1064

*** significant at 1%; ** significant at 5%; *sigriicant at 10% - Standard errors between brackets
DOLS estimations with one lag and one lead (theéfficients are not presented)

B7.2:R&D demand
Dependent variable: R&D capital intensity

(€] @ (€)] 4

R&D capital cost -0.607*** -0.628*** -0.249*** 0.037

[0.108] [0.128] [0.052] [0.063]
Regulatory burden -0.717** -1.395%** -0.238* -1.168%**
indicator.; [0.283] [0.385] [0.125] [0.238]
Fixed effects:
Country, industry, year Y Y Y Y
Country*year N Y N Y
Industry*year N N N N
Country*industry N N Y Y
Observations 1478 1478 1478 1478
R-squared 0.796 0.801 0.980 0.984
RMSE 0.6242 0.6599 0.2008 0.1959

*** significant at 1%; ** significant at 5%; *sigriicant at 10% - Standard errors between brackets
DOLS estimations with one lag and one lead (theéfficients are not presented)

B7.3:1CT demand
Dependent variable: ICT capital intensity

1) (2 3) 4

ICT capital cost -0.507*** -0.758*** -0.316*** -0.479***

[0.032] [0.041] [0.018] [0.026]
Regulatory burden -0.089 -0.263** 0.105 -0.406***
indicator.; [0.115] [0.125] [0.078] [0.077]
Fixed effects:
Country, industry, year Y Y Y Y
Country*year N Y N Y
Industry*year N N N N
Country*industry N N Y Y
Observations 2612 2612 2612 2612
R-squared 0.842 0.863 0.967 0.982
RMSE 0.4252 0.4139 0.2006 0.1557

*** significant at 1%; ** significant at 5%; *sigriicant at 10% - Standard errors between brackets
DOLS estimations with one lag and one lead (theéfficients are not presented)




APPENDIX C: DIFFERENCES WITH BOURLES ET AL. (2014)

Our productivity equation analysis differs slightjom Bourles et al. (2014). First,
concerning the data mobilized, the MFP definitismore detailed and, as a consequence, the
estimation sample is smaller than in Bourkdsal (2014). Second, the Dynamic Ordinary-
Least-Square (DOLS) estimation approach is pradetoean Error Correction Model. This
Appendix motivates these choices and shows thestobsis of the estimates.

Data differences

Labor productivity and regulation data are the samihe two papers, as well as the capital
elasticity calibration methot? However, the investigation of the R&D and ICT chals
leads to three main differences: (1) the singlestagsobilized in Bourlést al. (2014) is
decomposed between ICT and non-ICT physical capitdlthe MFP index omit the former
(see section Il); (2) value added, total employmewel and compensation data are changed
in order to avoid R&D ‘double counting’; and (3) iecus on a limited number of industries

that actually invest in R&D, thus reducing the mstiion sample.

These changes are sizeable. Nevertheless, Tabkh@ds the robustness of the estimates.
The first two columns present the results on odimegion sample, without and with the
industry*year fixed effects, whereas the two othmesent the estimates on the Boudeal.
(2014) data. The ICT and R&D channels are not $pécithus the first two columns of table
C1 correspond to the columns (2) and (4) of tablEéh2 comparisons of columns (1) with (3)
and (2) with (4) show the robustness of the es@ohdmpact of the regulatory burden

indicator to the differences between the estimatamples.

19 More precisely, there are two differences coniogrithese data: (1) labor productivity data haverbe
updated; (2) the scale of the regulatory burdercatdr has been changed to be between 0 and luréBo
et al. (2014), but not in our paper. Note that the Boudésl. (2014) scale is used for all Table C2
estimates and never for Table C1, in order to aftawdirect comparison with the already presentslits
in each case.
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Table C1:Production function sensibility to the Bourleset al. (2014) data

Dependent variable: MFP gap with the US

Data Cette, Lopez and Mairesge Boudeéal.
1) (2) (3) 4)

Regulatory burden indicater -0.253" -0.155™ -0.243 1 -0.209"

[0.057] [0.071] [0.046] [0.052]
Fixed effects:
Country, industry, year Y Y Y Y
Country*year Y Y Y Y
Industry*year N Y N Y
Observations 2612 2612 4346 4346
R-squared 0.518 0.596 0.477 0.546
RMSE 0.1911 0.1835 0.2087 0.2032

*** significant at 1%; ** significant at 5%; *sigrficant at 10% - Standard errors between brackets
DOLS estimations with one lag and one lead (theéfficients are not presented)

Estimation method

The identification strategies of the two papers tre same, based on a variant of the
‘difference-in-difference’ approach, but their esiition methods differ. Following Griffitlbt

al. (2004), Bourleset al. (2014) use an Error Correction Model (ECM), thu®veng
distinguishing between short and long-term impauftghe explicative variables. On the
contrary, our analysis doesn’t specify the dynamifcthe relationship. This choice is
motivated by our interest on the long-term reladldp as well as by the dimension of our
sample. Indeed, the average time dimension of s&id5.5 years, making hard to separate

long-term and short-term impacts.

Formally, the DOLS estimator differs from an ECM the introduction in the estimated
specification of leads of the explanatory variakdesl by the lack of lags of the dependent
variable. Our results are robust to the omissiothefformer, but the introduction of lags of
the dependent variable induces an important ineredshe standard errors of the estimated
coefficient (see further Table C2). In other wortlhee important difference is that Bourles

al. (2014) take into account of the persistence of i parametrically, through its lags,
whereas we treat indirectly for this persistencebnyecting the estimated standard errors for

the resulting persistence of the error terms thinahg non-parametric Newey-West method.

Table C2 shows the estimation results when usirg Bourlés et al. (2014) ECM
specification. The first two columns present thénestion results on Bourlést al. (2014)
data, column (1) without industry*year fixed effedhcluded in the estimated specification,
therefore these results are the same as in collijrfaple 1 of Bourlést al. (2014), column
(2) with these fixed effects included. Columns @)d (4) show the estimates on our

estimation sample, again with and without industedr fixed effects.
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Table C2:Production function ECM estimations
Dependent variable: MFP growth

Data Bourlés et al. Cette, Lopez, Mairesse
Period 1985-2007 1987-2007
(1) (2) (3) (4)

Frontier MFP growth 0.113%** 0.254***

[0.021] [0.029]
MFP gap.; 0.037*** 0.038*** 0.047*** 0.055***

[0.004] [0.005] [0.009] [0.009]
Regulatory burden indicator ; -0.063 -0.041 -0.094 -0.132

[0.049] [0.056] [0.090] [0.107]
Fixed effects:
Country, industry, year Y Y Y Y
Country*year Y Y Y Y
Industry*year N Y N Y
Observations 4629 4629 2277 2277
R-squared 0.249 0.358 0.453 0.572
RMSE 0.0483 0.0468 0.0537 0.0500

*** significant at 1%; ** significant at 5%; *sigrficant at 10% - Standard errors between brackets

DOLS estimations with one lag and one lead (theéfficients are not presented)

The catch-up coefficients, taken into account lgyithpacts of the frontier MFP growth and
the MFP gap, are statistically significant and loé £xpected sign: a positive shock on the
frontier MFP increases the MFP of the domestic tguhe coefficients of the regulatory
burden indicator are negative and of the same obdérare not statistically significant.
According to Bourle®t al. (2014), this result is explained by a compositdffiect: the impact

of regulations is statistically significant onlyrfthe observations close to the technological
frontier. However, the lack of precision of theimesttes could also be explained by the

difficulty to distinguish between the short anddeterm effects.

The last two columns of Table C2 allow comparing BCM estimation results with the
DOLS estimates of Table Al. This comparison regui@ calculate the long-term impacts
implied by the ECM estimates, i.e. the ratio of tkgulatory burden estimated coefficient
over the gap coefficient (which is the oppositetlté loading factor). Thus, the long-term
impact of the regulatory burden indicator is -0.4ht -0.493 according to column (3) and (4)
estimates, respective®f. These impacts are higher than with the DOLS rsstaspectively -

0.253 and -0.155. The small value of the estimagad coefficient could explain these
differences. Indeed, according to column (3) edi@siathe long-run impact of a product
market reforms would require more than 48 yearset@lmost fully achieved (exactly, 90%

of the impact of the reform would be achieved a4@8 years).

20 Note also that, in order to compare with the DO&SuIlts, we need to take into account of the fegraf
the regulatory burden indicator.
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APPENDIX D: A COMPARISON OF OUR APPROACH
WITH THE DIFFERENCE-IN-DIFFERENCE MODEL

We investigate the impact of anticompetitive regatess of non-manufacturing industry on

the productivity of the other industries — or ire ttame way on their R&D and ICT capital
intensity. In order to do this, a very simple sfieation would be to regress the industry
productivity index directly on the NMR indicator drthe other covariates. However, the
estimates could be biased because of reverse itgdisah productivity to regulations and/or

omission bias, as already mentioned in sectio iérefore, we prefer to test the proposition
that the impact of NMR is growing with the interysiaf use of the regulated intermediate
inputs. This approach leads to an empirical spstibn which is a variant of the difference-

in-difference model.

This appendix presents the similarities and difiees with the diff-in-diff approach in order
to provide a deeper understanding of our empirsgacification. We present the genuine
representation of the diff-in-diff model, and thee show that under certain conditions our
specification would be an application of this ger@urepresentation. Finally, we underline the
differences with our specification as well as tleeinsequences.

First, assume the genuine representation of tfénddiff model:
V=G + T +B.Gi Ty + €5

With Y;; the dependent variable of the individual i at titn€; andT; dummy variables equal
to one if, respectively, the individual i is in tireatment group and the time t is in the post-
treatment period, and zero otherwise. Therefore, .S estimation of the coefficierft
converges to the average treatment effect undeagkemption that the counterfactual trend

of the treatment group is the same as the tremigeofontrol group.
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Now, assume that our analysis focuses on the ingfamte upstream regulation reform in one
country and that there is only two groups of dowe®sh industries, one using the regulated
intermediate inputs (the treatment group) and theraot (the control group). This is leading

to the following equation:

Yit:0i+9t+ﬁ'6i*Tt+Zaj'Xj+6it
J

With Y;, one of our three dependent varialifg € {mfpgap;:; (d — Dit; (k — Die}), X; the

j™ covariatep; andd, individual and time fixed effects and the otheriafles being the same
as previously. We see that the only difference \lin genuine representation would be the
introduction of covariates and the industry andetiimed effects taking into account of the
andT; dummy variables and further. Therefore, the esgohanpact of the reform is given by

the difference of evolutions between the two indast

Coming back to our empirical specification, we dade from the last paragraph that a first
difference with the genuine diff-in-diff model ibdt our estimates are based on continuous
variables: (i) there is no treated and control grdaut groups with ‘degrees of treatment’
(depending of the intensity of use of intermedietputs) and; (ii) there is not only one
treatment but regulation changes almost every ydéose importantly, another difference is
that there is a country dimension in our panel.cduntry*industry fixed effects were
introduced, the estimated impact would be a weijlateerage of the diff-in-diff estimations
on each country. However, as we introduce induatrgg country fixed effects separately,
because of the lack of data variability (see tableour estimates are identified using also

within-country-industry differences.
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