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Abstract

Based on an endogenous growth model, we showriteatriediate goods markets imperfections can
curb incentives to improve productivity downstreaivie confirm such prediction by estimating a

model of multifactor productivity growth in whicthe effects of upstream competition vary with

distance to frontier on a panel of 15 OECD cousatdaed 20 sectors over 1985-2007. Competitive
pressures are proxied with sectoral product manmegulation data. We find evidence that

anticompetitive upstream regulations have curbedP gFowth over the past 15 years, more strongly
so for observations that are close to the prodigtirontier.

Keywords: Productivity, Growth, Regulations, Competitiorgt€h-up.
JEL classification: 043, L5, O57, L16, C23

Résumé

En s’appuyant sur un modele de croissance endogenes montrons dans cette étude que les
imperfections de marché dans les secteurs amoittsabs les incitations a améliorer la productivité
en aval. Cette conjecture est confirmée empiriquerpar I'estimation d’un modele qui différencie
les effets potentiels, sur la productivité globdés facteurs (PGF), d’'une concurrence insuffisante
dans les secteurs amont selon la distance a ladirertechnologique sectorielle. Ces estimatioms so
réalisées sur un panel de 15 pays de 'OCDE ete2tesrs d'activité sur la période 1985-2007. La
concurrence en amont est mesurée par des indisateatoriels de régulation sur les marchés des
biens. Les résultats montrent que, sur les 15 élemiannées, les régulations anticompétitives ldans
secteurs amont ont affaibli les gains de PGF, padiculierement pour les observations prochesde |
frontiére technologique.

Mots clés: Productivité, Croissance, Régulations, CompétjtRattrapage.
Codes JEL: 043, L5, 057, L16, C23



| — Introduction

Competition -- and policies affecting it -- hashdound to be an important determinant of
productivity growth in recent empirical reseaftchirm-level evidence has generally supported the
idea that competitive pressures are a driver ofdyetivity enhancing innovation and adoption
(Geroski, 1995a, 1995b; Nickell, 1996; Nicketlal, 1997; Blundelkt al, 1999; Griffithet al, 2002;
Haskel et al, 2007; Aghionet al, 2004), especially for incumbent firms that alese to the
technological frontier (Aghioret al, 2005; Aghionet al, 2006a). Further evidence has also been
provided at the industry level (Nicoletti and Scsta, 2003; Griffithet al, 2006; Inklaaet al., 2008;
Buccirossiet al, 2009) and for aggregate productivity measuremayet al, 2006; Aghioret al.,
2009) generally based on cross-country panels.

Most empirical studies of the competition-growihklfocused on competitive conditions
within each sector (or market) as drivers of firmraustry-level productivity enhancements. Yet, to
the extent that expected rents from innovation emhmology adoption are underlying efforts to
improve efficiency relative to competitors, focugion within-sector competition misses an important
part of the story. Indeed, these rents, and theesponding within-sector incentives to improve
productivity, may be reduced by lack of competitiorsectors that sell intermediate inputs that are
necessary to production. In other words, if therenarket power in these upstream sectors and firms
in downstream industries have to negotiate termscanditions of their contracts with suppliers,tpar
of the rents expected downstream from adopting-frestice techniques will be grabbed by
intermediate input providers. This in turn will te incentives to improve efficiency and curb
productivity in downstream sectors, even if contpeti may be thriving there. Moreover, lack of
competition in upstream sectors can also generateiets to entry that curb competition in
downstream sectors as well, further reducing pressto improve efficiency in these sectors. For
example, tight licensing requirements in retaid&aor transport can narrow access to distribution
channels and overly restrictive regulation in bagkand finance can reduce the range of available
sources of financing for all firms in the economy.

The influence of competition in upstream secto fproductivity improvements
downstream is likely to be particularly relevantdeveloped countries where most industries are
increasingly involved in global competition. In s&s or markets exposed to tradeect competitive
pressures from rival firms (both incumbents and rewrants) are often strong and provide the
expected incentives for efficiency improvement. &ntrast, several non-manufacturing sectors are
often protected from extensive trade pressuresthgrehe need for proximity or the fact that seevi
provision occurs through national physical network#/ith these non-manufacturing sectors
accounting for rising shares of total intermediatputs, lack of competition there propagates

Theoretically, the link between competition amdductivity growth has been traced to three maetdis: innovation,
technology adoption and reallocation across hetregus firms. While some early models of endogertecisnical
change (Romer, 1990; Grossman and Helpman, 199lipAgind Howitt, 1992) would predict competition ¢arb
innovation in line with Schumpeterian theory, maoezent analyses (sometimes called neo-Schumpétgrradict
positive or hump-shaped effects of competition lmmovation (Aghion and Schankerman, 2004; Agtebral, 2001).
Firm heterogeneity plays an important role in bo&o-Schumpeterian theories and models that focuhempositive
impact of low market frictions and competitive meases on reallocation from low to high productivilms (Melitz,
2003; Bernarcet al, 2003; Melitz and Ottaviano, 2008; Restuccia anddRamn, 2007). Parente and Prescott (1994,
1999) have highlighted more specifically the negagffects of barriers to competition on technolagpption.
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throughout the economy by increasing the costéducing the quality) of the services provided to
downstream sectors. In turn, the cost of goodsymed using these services are also inflated, with a
cascading effect on other intermediate inputs. Eliglosts (or lower quality) of intermediate inputs
indirectly frustrate efforts of firms that purchase thesedgoand services to improve efficiency in
order to escape competition, because the expeetadhs from such efforts are shrunk. As these
returns are higher for firms that compete neck-aeck with rivals that are close to the technoldgica
frontier, lack of competition upstream is likelyrneduce downstream incentives to improve efficiency
more markedly when distance to frontier is shostjtas often the case in increasingly globalized
markets.

Our paper tackles these issues squarely by fogusm the influence of upstream
competition for productivity outcomes in downstreagattors. To our knowledge, only a few papers
looked at this issue so far, and only in staticssreection analyses relating manufacturing
productivity outcomes to measures of competitiosarvices (Allegraet al, 2004; Fainet al, 2006;
Barone and Cingano, 2008). Our contribution to timnis of research is twofold. First, we provide a
full-fledged formalisation of the links between trpam competition and downstream productivity
based on an extension of the neo-Schumpeteriargendas growth model by Aghiaat al. (1997).
Second, we test the model prediction that lackpstneam competition curbs downstream efficiency
improvements by using a stylized version of theadyit “neo-Schumpeterian” model (Acemogiu
al., 2006) in which rent-seeking efficiency improvenseare driven by both improvements at the
frontier and the speed of catch up to this frontreeasured by a distance factor. This makes it
possible to differentiate the potential downstresfacts of lack of upstream competition in situatio
close and far from the global technological frontie

We measure industry-level efficiency improvemeatsl distance to frontier through a
multifactor productivity (MFP) index. Using OECDdustry statistics we construct MFP measures for
15 OECD countries and 20 sectors over the 1984-p@dind. We proxy competition upstream with
detailed time series information on policies, rudesl regulations that generate entry barriers in ke
non-manufacturing industries (henceforth calledsttgam™ industries) and measure the importance
of these barriers for all industries that use tba-manufacturing inputs (henceforth "downstream"
industries) by means of input-output relationsRipge then match the MFP measures with the time-
series indicators of the indirect burden of anthpetitive regulations in hon-manufacturing sectors
on each of the 20 sectors covered by our data. #&dhese data to run panel regressions controlling
for a number of unobserved factors and performresite robustness checks on the results.

We find clear evidence that anticompetitive regates in upstream sectors curb MFP
growth downstream. Consistent with the neo-Schuenjzet framework, these effects are non linear
and depend on distance to frontier. They are sasinfpr observations.¢. country/sector/period
triads) that are close to the global technologfoahtier, but remain generally negative for a large
share of our data. Interestingly, the share of wmlag®ns whose MFP growth suffers from
anticompetitive regulations increased over timethwthe negative indirect effects of regulations

2 Our work is therefore related to the industryeleanalysis of Conwagt al.(2006) and the firm-level analyses of Arnold

et al. (2006) and Forlani (2009). However, Conwalyal. focused on labour productivity, an inadequate measf
efficiency improvements, and did not distinguishviEen effects of competition in upstream and domash sectors.
Arnold etal. and Forlanionly looked at the effects of service sector coitipaton manufacturing MFP outcomes in
single countries (Czech Republic and France, resgdgtiand did not consider the effect of distarmérontier effects.
Forlani focused on market-based rather than pdiased measures of upstream competition.
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affecting virtually all observations over the paStyears. This could be due to increased integratio
of the world economy in the context of the diffusi@f new technologies: with competition
correspondingly becoming tougher downstream angtato becoming more compelling, erosion of
innovation rents by regulated upstream sectorsgseasingly more damaging for incentives to
enhance productivity. Measured at the average raistato frontier and average level of
anticompetitive regulations the effect of incregssompetition by instantaneously and completely
eliminating such regulations is to increase MFPwghoby between 1 and 1.5 per cent per year
depending on the period covered. This is of cowspurely illustrative case because it would
represent an unrealistically ambitious reform agenilore realistic scenarios, in which each
country’s regulations are aligned on actual besttwes suggest smaller but still sizeable yeaalpg

in MFP growth. Our results are robust to changeshaway MFP is constructed, to the use of
different input-output tables for measuring thedaur of upstream regulation on downstream sectors,
to variations in the sample of countries and/otascand to modifications in the set of fixed eféec
used to account for unobservables.

The paper is organised as follows. In the nextiGeeve formalise the link between lack of
competition in upstream sectors and efficiency ghowdownstream extending the "neo-
Schumpeterian" endogenous growth model of Agleibal. (1997). We then present the econometric
specification (section Ill) used to test the marediction of the model. Next, we describe the main
features of our MFP and regulation data (section Rihally, in section V, we discuss our empirical
results and the related robustness checks. Inctrtext, we provide illustrative simulations of the
potential effects of policy changes aimed at makipgtream markets more competitive. A few
reflections on links to previous literature, opesues and directions for future research concloele t
paper. Details about model derivations and datatoaction are provided in the appendix.

Il — Upstream market competition and downstream praluctivity growth:
the channels

A large and growing body of research has studiedeffects of competition on growth (see
Aghion and Griffith, 2005, for a survey). While cpsiition can affect economic performance
through various channels, this line of research urslly focused on the direct effects of lack of
competition in a sector on its productivity perfamee’ In this paper we focus on the effects of
regulations that curb market competition in upstresectors, such as legal barriers to entry in some
non-manufacturing markets, (henceforth “anticontpuetiupstream regulations”) on the productivity
performance of downstream sectors.

We highlight two main channels through which latlcompetition in upstream sectors can
generate trickle-down effects that affect the pmidity performance of other sectors. Firstly,
anticompetitive regulations in an upstream sector educe competition downstreamagcessto
downstream markets requires using intermediatetsnpwduced upstream, particularly in the case of
services inputs where import competition is limitéer example, if financial market regulations
narrow the range of available financial instrumeattsproducts, access to finance by downstream
firms can be made difficult, thereby curbing newtrgrand firm growth. Similarly, if restrictive

®  For recent surveys, see Griffith and Harrison (30@tafts (2006), Schiantarelli (2005) and Nicoleftid Scarpetta

(20086).
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licensing or business conduct regulations in tradéransport services hinder the development of
open, efficient and innovative distribution chameharket access by downstream firms can suffer,
with negative repercussions for productivity growgecondly, even if anticompetitive upstream

regulations do not restrict market access downstrahey can still curb incentives to improve

efficiency in downstream sectors or firms. If maskdor intermediate inputs are imperfect,

downstream firms may have to negotiate with (and ba held up by) suppliers. In this case,

regulations that increase suppliers’ market powan ceduce incentives to improve efficiency

downstream, as part of the (possibly temporary}sréhat downstream firms expect from such

improvements will have to be shared with suppliEfrghe intermediate inputs that are necessary for
downstream production.

Our theoretical model, drawn from Lopez (2010ghtights these two channels in the
following way. First, imperfect competition in upsam sectors makes the search for intermediate
input suppliers time-consuming and costly for newdstream firms. Formally, finding a supplier of
intermediate input, which is a necessary requirdnmestart producing, involves a Poisson hazarel rat
of p < 1. During this search new entrants suffer amaimsineous codt We assume that the hazard
ratep is decreasing with the level of upstream competitiThis barrier to entry affects the number of
downstream producerl through a free-entry condition (the value of newn$ is zero at the
equilibrium). Second, rent-seeking efficiency inbes in downstream sectors are reduced by the
search costs implied by imperfect competition isttgam sectors. These costs provide market power
to upstream suppliers, creating a gap betweemtkeniediate input pricg!’ and the marginal cost
of producing the input, which is assumed to be tonisin this setting, input prices are determibgd
the sharing of the total product market reRtdetween upstream and downstream firms, which
depends on the power of negotiation of the upstfaans 5: (p'! — ¢).l = . R, with| the quantity of
intermediate inputs. We assume that the power gdtretion of the upstream firms is decreasing with
the level of competition in the upstream sectors.

We introduce these implications of imperfectiomsntermediate input markets in a stylized
version of the “neo-Schumpeterian” model of Aghienal. (1997)! We consider an economy
composed of a unit mass of identical consumersh Eansumer has an instantaneous utility function:

u() = fol ln(x]-)dj with X being consumption of final good from industyy Because of the
logarithmic utility function each industry receivii® same expenditure share. Spending on each final
good is normalised to unityi;. x; = 1 Vj. Each final good is produced using intermediateddpas

the only input, according to the production funotie;; = y¥L. 1;, with x; being the quantity of goqd
produced by the firm using a quantity; of intermediate inputg the technological level of the firm

and y captures the size of the efficiency improvemempst(y > 1). In order to simplify the
presentation, the industry indices are omitted frmw on.

4 Along with these imperfections, our model diffensnpipally from Aghionet al. (1997) by two other assumptions. In
Aghion et al. (1997) only two firms compete on each market dedcatch-up probability depends on the followeffere
In our model the number of downstream firms is gyashmus but, in order to keep things tractablec#teh-up probability
is exogenous.
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Firms can move one technological step ahead atisséh hazard rate by incurring a
costf (a).” Then catch-up occurs at an exogenous Poissonchaatr of).® We assume that the
largest possible gap between the leader and thevid is one technological step due to knowledge
externalities. If the leader innovates, the followemediately climbs one step up the quality ladder
Consequently, the leader has no incentive to keepvating. Three types of firms indexed by
i € {—1,0,1} may therefore exist: followeKs = —1), leadergi =1), or firms in a leveled
industry(i = 0), meaning an industry in which all firms have ttzamg technological level. Firms
compete in price. In a leveled industry profits Widobe equal to zero, but we assume a degree of
collusione < 1 between firms, thus the total profit for the intlyss equal toer;, and each firm

earnst, = G'Nﬂ.7 In an unleveled industry, a leader maximizes litdipn; by applying a limit pricing
rule, setting a price that makes the prafitof the followers equal to zero, thus grabbing h# t
expenditure share of its variety.

As already mentioned, the power of negotiationtted upstream suppliers distorts the
competition between the leader and the followersnbyducing a price-cost gap for the input good,
which reduces the leader’s profit:

n1=(1—,8).<1—%)

The sequence of decisions is the following. Atheatstant some firms are exogenously
destroyed, at a Poisson hazard ratey,ofind others decide to enter in the downstream ehark
according to the free-entry condition. The new amts have to find a supplier of intermediate inputs
to be able to produdeThen these firms have to choose their optimalreffo increase their
technology. Finally, output and an input price de¢ermined simultaneously, and then the final goods
are sold. The resolution of the model is recursind is detailed in Appendix 1. The main steps and
results are presented below.

The steady state Bellman equations associateddo possible state: leveldg leaderJ;
and followerJ ; can be expressed as:

rlo=mo+a.(Ji—Jo) ta (-1 —Jo) —6.Jo— f(a) 1)

wherer represents the discount rate.

Indeed, if we consider a firm in a leveled industr

« with probability & , this firm innovates and become a leader,

® In order to have a positive equilibrium rate fffoiency improvements we assunfé%) >0,

a.0f(0) /0
lima_,m% = 4o andlim,_, ,, f(a) >1 .

0%f(a)
da?

>0 limgo 22 = 0,

® In other words, the efficiency improvement of teader is protected from catch-up for a perioexgfectancy 1.

” We assume thatis exogenous, even though it is likely that colasiould be increasingly hard to achieve as thebarm
of firms increase. Accounting for this effect wowliengthen our conclusions.

& When catch-up happens, firms previously followersst also find a supplier of intermediate inputd ey are impacted
by the free-entry condition as the new entrants.
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e with probabilityE, another firm innovates (by symmetEy= (N-1a), and

+ with probabilityd , the firm is destroyed

Similarly

rli=m+AJo—J1)—06.]1 (2)
and

rloy=m_1+@A+8).(Jo—J-1)— 6.1 (3)

as the technological leader is caught up by follsweth probabilityh and destroyed with probability
d.

The downstream firms in a leveled industry chabgerate of efficiency improvements that
maximise their value:

of@) _ o _ m-(1-0)(m—f(a)
e~ J17Jo= r+8+A+a.(1-0) 4)
. _ a . . . . .

with Q(a) = —5sria 1S the risk of being overtaken in a leveled indust

At the downstream firm optimum the marginal cosefficiency improvements equals the
expected gains from the improvements. These ga@ghe incentives for efficiency improvements,
are growing with the level of competition downstreas the profit in a leveled industry is decregsin
with the number of downstream producers. For argimember of downstream producers, the
incentives are also growing with the leader’s prbfi

Firms enter the downstream markets until the vafuee new entrant is higher than the entry
cost:

rV=pJo—b=0
with V the value of a new entrant searching for a suppfiemtermediate inputs.

This free-entry condition -- along with equatidid3, (2) and (3) -- determines the level of
competition on the downstream market, the number of firms:

_1-0 am+(T+8+2).(mo—f (@) _ b 5)
T 48 r+8+1+a.(1-0Q) )

Jo

The incentives for efficiency improvements are afsweasing with the risk of being overtaken ireadled industry. As
this risk depends itself on the rate of efficiengyprovements it could lead to multiple equilibriwan corner solution.
We assume that the cost of efficiency improvemariases fast enough to avoid this possibilite gppendix 1).
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Equations (4) and (5) define the equilibrium valoéshe rate of efficiency improvements and of the
number of downstream producers. Whereas there isxpticit solution for the last, the rate of
efficiency improvements is given by the followinguation:

f(@’) my—(r+8).b/p
da ~  r+6+2

whereb/p is the expected cost of finding an intermediapritrsupplier.
The model has the following implicatioffs:

* The number of downstream firms is inversely reldtethe expected costd. time) of
finding an intermediate input supplier. In turnyosiger competition downstream
increases the incentives to efficiency improvemenysreducing profits in leveled
industriesj.e. by increasing the gap between pre and post-infawvants.

« The bargaining power of upstream firms reducesritiges to efficiency improvements
because it decreases the leader's expected prpofdidtorting the competition with
followers.

e It is natural to assume that, as competitive pressincrease in upstream markets, the
bargaining power of intermediate goods suppliersl dhe expected cost for a
downstream firm to find a supplier falls (becaugkez the hazard rate or the search cost
falls, or both).

« With easier access to suppliers and higher expgutefits from becoming a leader,
incentives to improve efficiency increase for dotseam firms.

Therefore, the main prediction of the model ist theak upstream competition can curb
efficiency growth in downstream firms. The remaindéthis paper is devoted to test this prediction
by means of an econometric specification that agisofor both this upstream regulation-downward
efficiency link and some of the other determinamitefficiency growth already highlighted in the
literature (the technological pass-through andélebnological catch-up). As explained later in deta
to this end we proxy efficiency with industry-levFP and lack of competitive pressures in
upstream markets with the extent of industry-lemati-competitive regulations. These are measured
by the OECD indicators of sectoral barriers toyegenerated by product market policies. We further
define as "upstream sectors" those non-manufagtgctors for which the OECD provides data on
such barriers to entry and we define as "downstreantors” all sectors in the economy that source
intermediate inputs from such regulated sectorsly@ing the regulated sectors themselves). The
properties of the specification tested in the eiogirinvestigation and the data used in the emgtiric
analysis are described in the next two sections.

19" Note that, since catch up by followers is assutoneoe exogenous, the relationship between conpetiind efficiency

improvements is non-linear, as the effect is nilftdlowers and positive for firms that are necldameck. However, the
model cannot yield the sort of inverted U-curvehtighted in Aghionet al. (2005). This limitation of the innovation
model however is not crucial for the purposes afanalysis.
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[l — The econometric specification and its long-tem properties
3.1 The econometric specification

Recent models of endogenous growth often inclhdefe@ature that, with technology flows
unfettered across countries, productivity growthfalower countries or industries is a positive
function of growth at the world technological frisrtand of the gap between this frontier and the
productivity level of the follower country or indng (e.g. Acemogluet al, 2006; Aghion and Howitt,
2006). In other words, countries and industriegjilag behind the technological frontier can enhance
their productivity by adopting leading technologaesilable on the market (the technological catch-
up phenomenon). Thus, productivity growth depemdbath the ability to catch up and the ability to
innovate, with the importance of the latter inchregsas the country or industry gets closer to the
world frontier (Aghion and Howitt, 1998 Ch. 8). According to this line of research,
anticompetitive regulations mainly influence theoguctivity of existing firms by altering the
incentives to adopt the leading technologies abklm the market and innovate.

Interestingly, in these models the aggregate itphfdomestic or foreign) competition on
productivity can be non-linear and depends on theracteristics of incumbent firme.§. on the
degree of firm heterogeneity). Two sets of effanfiuence the behaviour of productivity in each
market, the “escape competition” or “escape engfjécts on the one hand and the Schumpeterian or
“discouragement” effects on the other. The prewadenf one set of effects over the other will affect
the link between competition and productivity. tmrt, this prevalence is determined, among other
things, by the average distance to frontier of irim the market. For instance, the positive “escape
competition” or escape entry” effects on incumbeatforts to improve productivity is likely to be
stronger in markets where a large proportion ghdiris neck-and-neck and close to frontier than in
markets where a large proportion of firms have dewechnological gap to fill (Aghioet al, 2004;
Aghion et al, 2006b). Indeed, in markets dominated by firmst @#re far enough from the world
frontier, the Schumpeterian or discouragement tffdge to an increase in competition can be strong
enough to deter any innovation activity. Theref@mticompetitive regulations can have differential
aggregate effects on productivity in different ci@s and industries depending on specific
technological and market factors, such as the gegpasition of firms relative to frontier produatio
techniques (Askenast al.,2008).

Our empirical analysis accounts for the differefiécts on productivity described so far. It
uses regulation data that are explicitly designedatcount for the trickle down effects of
anticompetitive upstream regulations on the pradifigtperformance of downstream sectors and we
use an econometric specification of productivitgtthllows for the effects of regulation to depend o
distance to the technological frontier. The empirimodel also allows for persistent heterogeneity i
productivity levels and growth across countries enttlistries, with productivity levels and growth in
follower country-industry pairs driven by developmeat the global technology frontier. Productivity
growth in follower country-industry pairs is a fuion of both growth at the frontier and the catgh-u
to frontier productivity levels. Hence, the modahde thought of as an empirical implementation of
the “neo-Schumpeterian” growth framework describbdve. It has been used extensively in recent

1 Griffith et al. (2004) show, that follower countries that investR&D reap a double dividend: they improve bothirthe

ability to innovate and their ability to incorpoedtontier technologies into the production process

12 The effects of competition through increased tedyformation have been studied empirically by Aest al. (2005).
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empirical research on the determinants of proditgtiyrowth at both the firm levele(g. Aghion et
al., 2005) and industry level (Nicoletti and Scarpe2803; Conwayet al, 2006; Griffith et al,
2006).

Multi-factor productivity for a given country-indtry paircs at timet (MFP.) is modelled
as an auto-regressive distributed lag ADL(1,1) esscin which the level of MFP is co-integrated
with the level of MFP of the frontier country-indanspair Fs. Formally,

In MFP.

cst

=a,InMFP.

cst—1+al In M I:PFs,t +a2 In M FPFs,t—1+asREQst—1+ys+yc,t +£cs,t (6)

whereMFP.is the MFP level of a non-frontier country-induspgir cs MFPg is the MFP level at
the technological frontigf for industrys at timet, REGs.is the indicator of the trickle down effects
of anticompetitive upstream regulations in eachasountry/period triad, ang , y.: are sector and
country-year fixed effects, respectivetysis a random error term. Under the assumption rog-lan
homogeneity ¢o+ o+ o, = 1), the ADL(1,1) process in equation (6) has tbkowing Error
Correction Model (ECM) representation:

Aln MFP,

cst

MFP
=aAINMFP., + (1- ao)ln[ﬁJ + d,REG L + Vot Yoy + &y

cst-1

This ECM representation has many attractive si@disproperties and a straightforward
interpretation? Productivity growth of country-industry paics is expected to increase with
productivity growth of the industry frontidfs and with the country-industry pair distance frdm t
industry frontier* The model implies heterogeneity in equilibrium MHA&vels because the
innovation potential of each country-industry pailmssumed to be only a fraction of the innovation
potential at the frontier, and convergence to tbatfer takes time.

In keeping with the “neo-Schumpeterian” view oé gffects of competition on productivity
growth, our regressions also allow for a non-linetiect of anticompetitive upstream regulation on
different country-industry pairs by interacting tinegulation variable with distance to frontier.
Therefore, the following regression model is thedbiae specification in our empirical analysis:

AlnMFP,

cst

:alAIn M I:FI):s,t +(1_ ao)gagst—1+a3RE(%st—l+a4REQst—1 ° gaQst—l + ys+yc,t +£cst (7)

h an In M Pt
whnere = :
3R MFP

j is the country-industry pair distance from theuisidly frontier.
cst

Throughout our analysis, the focus will be setthe total effects of anticompetitive
upstream regulationsg. oz + a4 gap. It should be stressed thawif <0 anda, <0 regulation has
negative effects on productivity growth that arereasingwith distance to frontier, while itr; <0

13 see Hendry (1996) for the statistical propemiethe ECM model.

14 Notice that, even though the ECM representatioressmated with MFP growth as the dependent vajatile

underlying ADL(1,1) model is in productivity levedsd not in growth rates because productivity ghoattthe industry
frontier is not estimated (see Boatlal.2003).
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anda, >0 the negative effectdecreasewith distance to frontier. In other words, onlytire latter

case results would be consistent with the neo-Spetenian view that lack of competition is more
damaging for country-industry pairs that are clasdrontier and that compete neck-and-neck with
their global rivals.

3.2 The long-term properties

It is useful to analyse the steady-state propgedfehe empirical model. To do this, we first
characterize MFP growth at the technological fremtAs gaps = 0, we obtain via relation (7):

+
03 REGre 1+ YsT YRt
—aq 1‘(11

AINMFReg =

At the technological frontier, MFP growth depend$: positively on the effects of the
sector-specifidys) and the country/time-specif{gg ) technical progress ; (ii) negativelyf @z < 0)
on theeffects of anti-competitive regulations in the upam sector6REGs +.1).

At the steady-state, the distance to the techiwdbfrontier (gapst.7), the anticompetitive
regulations(REGss 1.)), the effects of the technical progre@s, v, and the MFP growthAln
MFPes ) are constant. Therefore, the steady-state distemfrontier for any follower country is:

_ 1 _ REGL) - (v
= at o, REG a(REGes ~REGE) = (ve~ V) o

gags

Thus, at the steady-state, the distance to thetdogical frontie(gap.s) is decreasing with
the difference between the country and the frorgiéect of the technical progre$s: - ye); and
increasing with the difference between the courstng the frontier regulation levdREG;s —

REG:)."

Relation (7) indicates that MFP growth is incregswith the distance to the technological
frontier (gaps ) under the assumptions of footnote Hence, if from a steady-state situation a
random shock moves the MFP of a country/sectoradteds the distance to the technological frontier,
this distance will consequently converge to itsildgrium value expressed by relation (8).

IV - Data

In order to investigate empirically we need datathe extent of anti-competitive regulation
in a sub-set of industries that we define as "epsir'; the importance of these industries as sugplie
of intermediate inputs; and multifactor produciMiMFP). Merging different sources we were able to

15 Assuming that the distance to frontier has atjwesimpact on MFP growth and the effect of antipatitive regulation

on MFP growth is negative and decreases with tsianite to frontier (0 &y < 1,03 < 0 ando, > 0).
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assemble a cleaned unbalanced panel of 4629 olises/éor 15 countries and 20 industries over the
1984-2007 period The data sources and specific calculations asepted below.

4.1 Product market regulation

Empirical research on the effects of competition productivity has used a variety of
approaches to measure competitive pressures. Thelsgle indicators of market structure and/or
market power, survey-based assessments of theelsgsienvironment and indicators of product
market policies. The measures used in this paperndaraddress three major issues: minimize
endogeneity bias, account for the trickle downafef competitive pressures in upstream industries
on downstream industries and provide a link withqgoes that affect competition.

Addressing the endogeneity of competition meashessbeen one of the main empirical
challenges in trying to identify the impact of cagtifion on innovation or productivity outcomes.
Traditional indicators of product market conditiprsich as mark-ups or industry concentration
indices, can hardly be treated as exogenous detemsi of economic outcom&sEntry of new
(possibly foreign) firms is also most likely notaogenous to productivity outcomes. Moreover,
research shows that some widely-used indicatorsnafket structure or market power are not
univocally related to product market competitiBrinally, these indicators fail to provide a direct
link to policy or regulation.

To address these concerns, the empirical analgpimted in the next section is based on
some of the potential policy determinants of cortioet, rather than on direct measures of it. Gitiffi
et al. (2006) and Aghioret al. (2006) have recently taken a similar approach. él@x, while they
focus on EU data on anti-monopoly cases and théemmmtation of the Single Market Programme,
we use indicators of product market regulationsvdrérom the OECD international product market
regulation databasé Moreover, we focus on regulation in non-manufdowindustries and on the
trickle down effects of inappropriate regulationstfiese industries on all sectors of the econfmy.
The non-manufacturing sector is undoubtedly thetmegulated and sheltered part of the economy,
while few explicit barriers to competition remain markets for manufactured goods of OECD
economies. Moreover, as suggested by our thedretiodel even low-regulated industries can suffer

% The cleaning method is presented in Appendix2M&P growth at the technological frontier is aplaratory variable

it cannot be used also as a dependent variabler@mns for the country-sector frontier are, #iere, excluded from
the estimation sample in each period.

r Amongst the very few cross-country studies thai@e the role of competition for productivity, Ghey and Garcia

Pascual, (2001) use mark-ups and concentratiorx@sdeAt the single-country level, Nickell (1996)ickell et al.

(1997), Blundellet al. (1999) and Disneet al. (2000) use a variety of market indicators to ceptoompetitive
pressures. The potential problem of endogeneitsnaifket shares and mark-ups is even more seriofisratevel as
firms that have high productivity may gain markbtues and enjoy innovation rents. Additional protdespecific to
market shares and concentration indices are tegtdepend on precise definitions of geographic @oduct markets
(i.e. the relevant market where competition unfolds) &mdl to neglect potential as well as internatia@amhpetition.

8 Boone (2000a, 2000b) suggests that there mayhbenp-shaped relationship between competition arrdt-omas. Some

authors have addressed this issue by using relatichtors of relative profits and profit persisten(Creuseret al,
2006; Greenhalgh and Rogers, 2006).

" The data are publicly available at www.oecd.arg/pmr.

20 For similar approaches see Faihal.(2006), Conwat al. (2006) and Barone and Cingano (2008).

13



from regulation-induced market power and inefficies in non-manufacturing because all industries
are heavy intermediate consumers of non-manufactimputs.

a. Non manufacturing regulation indicators

The OECD indicators of non-manufacturing regulatimeasure to what extent competition
and firm choices are restricted where there ar@ poiori reasons for government interference, or
where regulatory goals could plausibly be achietgdless coercive means. They are based on
detailed information on laws, rules and market amdlistry settings and cover energy (gas and
electricity), transport (rail, road and air) and noounication (post, fixed and cellular
telecommunications), retail distribution and prasfesal services, with country and time coverage
varying across industries. In addition this studysithe indicator of restrictions to competition in
banking constructed by de Serstsal (2006).

The main advantages of using these indicatorsnjpirical analysis is that they can be held
to be exogenous to productivity developments aatttiey are directly related to underlying policies
a feature that measures of competition based oketautcomes and business survey data do not
have? Another advantage is that, as they are compositstructs based on detailed information
about policies, they address multicollinearity pgenls in estimation. At the same time, they make it
possible to focus on the specific aspects of psithat are thought to be relevant for productivity
Yet another advantage of the OECD indicators is tiingy vary over countries, industries and time,
though full time variability is limited to a subseftnon-manufacturing industriés.

Figure 1 shows the evolution of non-manufactuniagulation over time as well as their
variability over the country-industry dimension.€rhox plot suggests relatively low time variability
over the 1975-1985 period, with a marked downwashd and increased variability over the
subsequent period. The cross-country dispersioan®wer at the beginning and end of period, while
it increases over the 1985-2003 period. By contkastability in the countryandindustry dimensions
remains relatively wide throughout the sample pmeriRelatively restrictive regulations prevailed at
beginning of period in most countries and industreemovement towards de-regulation started at the
beginning of the 80s, but at different paces irfed#nt countries and industries; and a marked
convergence in policies characterized the end nwbge

b. Regulatory burden indicators

Using the data on upstream non-manufacturing adigul, we construct indicators of the
trickle down effects of such regulation for 20 sestthat use the outputs of these non-manufacturing
industries as intermediate inputs. For brevity séhendicators will henceforth be called “regulatory

2L Of course, endogeneity cannot be completely rolgdwith these indicators if, for instance, poliiare affected by

productivity outcomes through political economy hels. On the relative advantages of policy-basedsarvey-based
composite indicators see Nicoletti and Pryor (2005)

2 ndicators for energy, transport and communicatiover 30 OECD countries over the 1975-2007 petiogljndicators

for retail distribution and professional servicesver 30 OECD countries for 1998, 2003 and 2007;itldéator for
banking covers 30 OECD countries for 2003. As altesdhile in the cross-section dimension the inttics cover most
of the regulated sectors and countries, time viitiabf the indicators originates mostly in polichanges in the energy,
transport and communication sectors.
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burden” (or REG) indicators. In each countyywe compute them for the 1984-2007 period, using
information from input-output tables in the follavg way (see appendix 2 for details):

REG ,, = > NMR  * w 0<wy <1
i

where the variabl&iMRy; is an indicator of anti-competitive regulationnan-manufacturing sectr

at timet and the weighiv; is the total input requirement of seckdior intermediate inputs from non-
manufacturing sectgr. All indicators take continuous values on a sgég from least to most
restrictive of private governance and competifiin. order to illustrate how product market reforms
change the values of the regulatory burden indisat ‘best practice’ indicator is defined for each
sector and year corresponding to a situation inckvimion-manufacturing regulations are set at the
average of the three most liberal countries instr@aple. This best practice benchmark is later tsed
perform simple simulations of the estimated effedtgroduct market reforms on MFP.

To minimize endogeneity issues and measurement, ¢ne indicators of regulatory burden
used in empirical analysis are based on the 200thpl8-output tableife. we setwgy = Wysj for any
¢). As a result, the empirical specification is aiamat of the difference-in-difference approach in
which, inter alia, we identify the effects of regtibn on productivity using the variability in the
intensity of use of regulated intermediate inputoss downstream sectors. Ideally, to fully control
for endogeneity the input-output table should cdmen a country not included in the sample and
without any anti-competitive regulation in non méaaturing sectors. The sensitivity analysis shows
that estimation results are robust to the exclusfddS from the sample or the use of the input-outp
table of the UK, a country missing from our samgtel where regulation is estimated to be close to
best practice in many non manufacturing sectomes Aggendix 3).

Figure 2 shows the sample average by countryefelgulatory burden indicators in 1985,
2000 and 2007 as well as the 2000 and 2007 indas&yage, and corresponding best practice. The
changes over-time reflect the history of non-mactféng regulation and de-regulation in the
countries covered by the sample. In spite of thevemence in policies at the end of the period
important cross-country differences remain in 20B7switch to best practice corresponds to a
pervasive and important easing of anticompetitiggutations in every non-manufacturing sector
covered in our data set. It is therefore an extrerample of structural policy reform.

4.2 Productivity

We measure industry-level efficiency improvemeatsl distance to frontier by means of a
multifactor productivity (MFP) index. Using OECDdustry statistics we construct MFP measures for
15 OECD countries and 20 sectors over the peri@d4-P@07.

= Conway and Nicoletti (2006) provide a detailedcdiggion of the indicators of non-manufacturing wkgion and the

corresponding indicators of “regulatory burden”;p&mdix 2 illustrates their main features.
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MFP growth is calculated as follow:

Aln MFP,

st — AInVACS,t —-a.” Aln Lcs,t - (1_ as)* Aln Kcs,t

where VA is value added in constant prieethe output elasticity of labour, approximated b t
labour share on value addédtotal employment, in number of persons, &nithe net capital stock in
constant price? Data on value added and total employment come #menSTAN database for
industrial analysis, net capital stock from the @ERroductivity database by industry (PDBY).

The index of distance to frontieggp depends on MFP levels. These levels are calcllate
for a base year (2000) and then extended overahwple period using data on MFP growth. To
ensure comparability across countries, value aduledl capital stock are converted into prices
denominated in a common currency using OECD agtgguarchasing power parities (PPR)nd a
common labour share is uséa. the industry specific average share over all aiestand periods.
Estimates are robust to the choice of country ar gpecific labour shares and to the use of ingdustr
specific PPPs for value added (see Append’ Bhother comparability issue is raised by the value
added prices of the “Electrical and optical equipthendustry, which include communication and
computing equipment. In this industry, US prices aot comparable with others because of the
extensive use of the hedonic method, with an ingmbrimpact on estimations. We therefore replaced
US hedonic prices in this industry by total mantdaog value added prices (see Appendix 3 for
details).

Figure 3 shows the cross-country/cross-indusspetision of the resulting MFP estimates in
selected years. It suggests that variability hanbeide over the sample period. On the whole, the
leading country MFP has been 1.55 times higher tharmedian MFP. This median ratio is stable
over time, with dispersion around it shrinking ottee 1990-1995 and 2003-2007 periods.

V - Empirical results

Table 1 presents OLS regression results for diffespecifications of our regression model.
Column 1 reports results omitting the interactietvien the gap and the regulatory burden indicator,
while column 2 is the estimate of our baseline &qna(7) including the interaction term. The last
two columns report results from the same equalititting the sample into two sub periods To better

2 Ideally MFP should be calculated using data oarhiavorked and capital services. However, at the tof writing

comprehensive cross-country data on hours workddcapital services were only available for the aggte economy
and estimates of MFP at lower levels of aggregatiost be computed using total employment and degiitaks.

% The construction of the PDBi net capital stockseseis described in Appendix 2 and more infornratioe available in

the “PDBi Methodological Notes”.

% Although this implies the assumption of identicamparative price levels across industries, varsdiseck (2004)

finds that, overall, aggregate PPPs perform as ageectoral PPPs, where performance is measutée asrrelation
with sectoral deflators. For some service sectggseate PPPs are found to perform better thanrs¢€&PPs, while for
some manufacturing sectors sectoral PPPs perfomgimaily better (see Appendix 3). In view of thising aggregate
PPPs seems a reasonable approximation, at ledsiefset of advanced countries in our sample, wsigifts in relative
prices across sectors are not extreme over thedoeovered by the analysis.

2 Industry specific PPPs for value added are caledlfrom the EUKLEMS industry database of PPPgross output as

well as the input-output tables and PPPs on impmt {OECD, according to Inklaat al. (2008).
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compare specifications and always interpret thdficamnt on each variable as the mean effect on
MFP growth (even in the presence of the interacterm), the technology-gap variable and the
indicator of regulatory burden are centred on #raple mear® To reduce omitted variable bias and
control for idiosyncratic country-wide factors, veéways include industry and country-time fixed

effects. For example, country-time fixed effectsamt for (possibly time-varying) country-specific

characteristics of labour or financial markets, lehindustry effects account for (time invariant)

structural differences in technology or skills asandustries.

In our sensitivity analysis we checked for thesence of specific industries, countries or
years that would influence significantly the overakults. This could reflect, for instance, diffet
technological features or simply measurement erMMs also estimated the same equations using
different definitions of MFP and estimates of tegulatory burden indicators based on different sets
of input-output tables. On the whole, the resutespnted in Table 1 are robust to these changés in
sample and definition of variables (see Appendigranore details).

Our empirical specification of MFP is corrobohtey the data. MFP growth in the
productivity leader of the industry is always foudhave a positive and highly significant influenc
on productivity growth in less productive countriaed sectors, indicating a significant rate of
technological pass-through. In addition, the coédfit of the technology-gap variable is estimated t
be positive and significant in all specificatiossiggesting that, within each industry, countriest th
are further behind the technological frontier eigreze higher rates of productivity growth. In other
words, catch-up is found to play an important @dea driver of productivity growth, consistent with
previous empirical research in this area.

Turning to our main result, the indicator of rlgary burden is found to curb MFP growth
and increasingly so the closer MFP is to the teldgical frontier. When estimated at its mean, our
regulatory burden indicator seems to have no sagmf effect on downstream productivity growth.
However, taking into account its indirect influenteough the rate of technological catch up, this
lack of significance appears to come mainly frommomposition effect. Regressions including the
interaction term indeed show that the burden ofcantpetitive regulation in upstream sectors has a
significant effect on MFP growth downstream (asletd by the tests of joint significance).
Moreover, since the coefficient of the interactterm is generally positive and significant,$0), the
depressing effect of anti-competitive upstream lagn on MFP growth is significantly stronger for
country/sector/period triads that operate clogdédaechnological frontier of our sample.

The estimated effects of anticompetitive upstreagulation, as measured by the indicator
of regulatory burden, are consistent with the icgtions of our neo-Schumpeterian model of the
effects of upstream competitive pressures on daoeast productivity performance. When regulation
restricts competition in sectors that supply intediate inputs, the incentives to improve efficiency
are weaker in downstream sectors the more intdgdivese sectors use the regulated products. This
is because access to intermediate suppliers igelimand the expected (temporary) rents from
improving MFP are likely to be (at least partiallydptured by market power in upstream sectors.
Consistently, our estimates show that anticompetitiegulation in upstream sectors curbs MFP
growth downstream. Moreover, these effects arelinear and are strongest for observations that are

2 |f the variables were not centred, the coeffitien the regulatory burden indicator would corregpe- when the

interaction term is present — to the effect of tation at the frontieri(e. when the technology-gap is null).
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close to the global technological frontier. In otleords, the “escape competition” effect dominates
close to the frontier whereas this effect is weaklny a “discouragement” effect far from the frenti
consistent with Aghion and Howitt (2008).

Interestingly, regulatory burdens appear to hateged an increasingly damaging role for
MFP over time, with the strongest damage beingrobseover the most recent period. Indeed, when
the sample is split into two sub-periods (Tabledlumns 3 and 4) the share of observations whose
MFP growth suffers from anticompetitive regulation upstream sectors is estimated to increase
substantially over time. Indeed, while the averaggact of the regulatory burden indicator is
estimated to be positive and non-significant in1B85-94 period, it becomes negative and significan
over the period 1995-2007. At the same time, tkenatting effect of the gap on the MFP impact of
regulatory burdens is more than halved in the maxsint period.

Figure 4 illustrates these results graphicatlpldts the impact of our indicator of regulatory
burden on MFP growth against the level of the tetdyy-gap (we show values of the gap expressed
in both log-differences and percentage MFP ratids)this effect depends on the level of regulation,
we represent this relationship for three regulat@sttings in non-manufacturing industries
corresponding to the first, fifth and last decifetee distribution of our indicator of regulatoryilen.
The slope of these “isoregulation” lines flatteng as regulation becomes more precompetitive(the
line coincides with the horizontal axis when thare no anticompetitive regulations at all). Panel A
illustrates results for the whole sample periodjlevipanels B and C illustrate those for the two
subperiods. On the whole sample, the regulatorgdsuifrom upstream sectors curbs productivity
downstream for more than 85% of the observationd @urbs it significantly for about 50% of the
observation). The effect of regulation becomes tp@sionly for a relatively small share of the
observationd? whose MFP levels are less than half those of #whriology leader, roughly
corresponding to the last decile of the distributf MFP gaps in our sample. Measured at the
average gap (64% of MFP of the technology leaded)average level of regulation (a value of 0.15
for our regulatory burden indicator), the effectin€reasing competition in upstream sectors by
instantaneously eliminating all anticompetitive uksgions is to increase MFP growth by over 1 per
cent per year. The results from splitting the sa@mpto two sub-periods translate graphically into a
substantial flattening of the relationship betwélea impact of regulation on MFP growth and the
technology gap at each level of the regulatory éar(Figure 4, Panels B and C). In other words,
while regulation could have had a positive effet?FP for a large part of the sample (63%) over the
first sub-period (but significantly so for only 1786 the observations), it has had a negative effect
for virtually all observations (99%) and signifie¢hnso for 73% of the observations over the 1995-07
period. During this period, an easing of regulatouydens from their average level (0.14) to zém (
by eliminating all anticompetitive regulations ipatream sectors) would have increased MFP growth
of a country with an average MFP ratio of 65% bytafd.7 percentage points per year. It should be
stressed that these estimated effects are pute$grdtive as they would correspond to radical and
sudden changes in regulatory settings that ardelplto be politically implementable in practice.
More realistic simulation scenarios are descrilpeithé next section.

29 Near the technological frontier small MFP improments (through innovation or other means) can gdadarge returns

from getting temporarily ahead of neck-and-necklsvFor instance, close to frontier an innovatay e able to create
a new variety and enjoy temporary market powerhenmarket for the new product. Such returns cabeaxpected far
from frontier, where only substantial improvemen#s give a temporary advantage on competitors. Tipstream
rigidities lower incentives to improve efficiencythe frontier to a larger extent than far fronrfiier.

30 This effect is significantly positive for only 3&6 the sample.
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The increasingly negative impact of regulation MRP growth over time needs to be
investigated further, but one interpretation ist&dl to two sources of structural change affedtieg
global economy during this period: globalisationdatihe diffusion of new technologies. With
increased integration of the world economy in tlomtext of the diffusion of new technologies,
competition has become tougher downstream and topteon and the corresponding reorganization
of production processes have become more compdbingraintaining market shares. At the same
time, new entry by innovative firms has become aremamportant source of productivity
improvements. Thus, the erosion of returns fronicieficy improvements by regulated upstream
sectors is increasingly more damaging for incestieeenhance productivity, and possible barriers to
entry generated by regulation in upstream sectrerinareasingly reflected in a drag on industryelev
productivity performance. It is important to notet these different effects of regulation depending
on the period studied, should not be understoambasng from different levels of development as the
effects appear to change over time at each giwezh & technological gap. They therefore necesgaril
originate from structural changes in the globalnecoy.

Both our baseline estimates of the MFP growth egoaand our empirical findings
concerning the effects of upstream regulation arsiclerably robust to changes in data coverage and
variable definitions. The main sensitivity checksluded (i) dropping sectors or countries one by
one, (ii) basing computation of the REG indicatortloe 1-O matrix of a different country (or country
specific I-O matrices) and (iii) changing assumpsian the construction of the MFP index. Variants
in MFP construction included applying sectoral éast of national PPPs and using different measures
for the labour share. We also adjusted the MFPxinide possible bias in the computation of
productivity originating from cross-country differees in employment rates and working time
(Bourlés and Cette, 2007) and replicated most efrésults using labour productivity growth as the
dependent variable. Finally, we checked robustriesshanges in the definition of prices in the
“electrical and optical equipment” (ISIC 30-33) w&@¢ where changes in quality were particularly
important over the estimation period. Annex 3 répadetailed results obtained through these
robustness analyses. Overall, the size and signidie of coefficient estimates are not much
affected™

VI — Estimated impact on MFP growth of easing regudtion in upstream
sectors

To further illustrate the influence of regulatdnyrdens on MFP performance, we propose a
calculation of the MFP gains in the non-farm bussgector from adopting, in the year 2000, the best
practice regulation which was observed in upstreantors in 2007. As already mentioned, for the
purposes of this exercise best practice is defimedach upstream sector, as the average of the thr
lowest levels of regulation observed among the tees in the dataset (global best practice
corresponding to best practice in all upstreamosgttFigure 5 (Panel A) suggests that, in 2008, th
degree of anticompetitive regulation in upstrearatas differed considerably among countries.

31 One exception is when using sector-specific oufpiges for the 30-33 sector in the US, in whickecthe interaction

term loses significance and the negative effectspstream regulation become linear. Since thigkey to reflect the
extensive use of hedonic pricing only in this coynthe baseline estimation uses instead globalufaaturing output
prices in this sector for the US. In any case, ltesemain unchanged if the relevant US observatame dropped from
the dataset or if the US hedonic price index islusadeflate output in the 30-33 sector in all doies.
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Regulation was friendliest to competition in Swedeustralia, theNetherlands and the United States,
while it was most restrictive in France, Austritgly and Greece, with cross-country differences
originating mainly from transport (ISIC 60-63) antilities (ISIC 40-41) sector¥.Seven years later
(Panel B), cross-country differences persisteditiespme convergence, with Denmark, Sweden, the
Netherlands and Australia now being the four coestrwhere regulation was friendliest to
competition and France, Italy, Austria and Greem#inuing to be the most restrictive. From 2000 to
2007, easing of anticompetitive regulations wasesmtead in the utility sectors and in post and
telecommunications (ISIC 64), with remaining difaces across countries in 2007 concentrated
essentially in the regulation of transport, bussnesrvices (ISIC 71-74) and wholesale and retailer
(ISIC 50-52). The gap with our measure of globatpractice remained sizeable in all countries over
the whole period, though it declined over time.

To calculate the potential productivity gains frahopting best practice regulations, we use
estimates of equation (3) above as reported iatstecolumn of Table 1i.e. the estimates over the
1995-2007 period). In these calculations, the imic of regulatory burden (REG) is based on
domestic input-output matrix, since no endogenisisye is likely to arise over a seven-year period.
Each country-sector-year MFP is projected dynaryicdie MFP impact of deregulation results from
the initial decrease in the indicator of regulatbtyden obtained by adopting best practice reguiati
in upstream sectors and on the subsequent redsiatiodistance to frontier (gap) that this initial
policy shock sets off over the projection perfd&esults of these projections are shown in Fig@res
7.

In 2007, average productivity gains (in the nomrfdousiness sector) from reforms that were
assumed to be made in 2000 range from around Botmd 13 percentage points depending on the
country (Figure 6, Panel A). Cross-country differes in productivity gains reflect four factors: (i)
the excess regulatory burden relative to best ijpméh each upstream sector, (ii) the intensity of
downstream intermediate consumption of productmfregulated upstream sectors, (iii) the initial
distance to frontier of productivity in downstreaetctors, (iv) a composition effect due to the wisigh
of each sector in the economy. The largest thessxegulatory burden and intermediate consumption
of regulated products the strongest the gains aalymtivity from aligning regulations in upstream
sectors on best international practice; converské/smallest the distance to frontier the stronties
gains from deregulation. Relatively strong gaing\ustria, Belgium and Italy and relatively weaker
gains in Denmark, the Netherlands and Sweden teftee influence of these opposing forces.
Moreover, the annual MFP gains are generally deorgaover the years (Figure 7), with a peak in
2001%* The subsequent decline in annual gains refleesctintraction of the MFP gap set off by
deregulation, which implies a declining catch-ufeetf on MFP, as well as, to a smaller extent, the
reduction of the regulatory burdens during the 2P006 period in the baseline situation (see figures
2 and 5).

2 Cross-country differences are measured by usarglatd errors.

3 For this calculation a measurement of the gadh® in each country-sector-year triad is necessgince our dataset is

unbalanced due to some missing data points fotatagtocks, the missing gaps in MFP were estimatebe following

way: (i) available gaps in MFP were regressed drorgroductivity gaps and (ii) the missing gapsMfFP were

estimated using these regression results and leerdgroductivity gaps, which are available fora@lntry-sector-year
triads in our sample. The regression was carried bguOLS, with fixed effects for years, sectors atmlintries
(R2=0.60).

No gains are obtained in 2000, since we assurtteeimodel that regulations have an impact on MieRvih with a one
year lag.

34
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The MFP gains from aligning regulation on bestcpca simultaneously in all upstream
sectors are slightly superior to the aggregate ghiained from adopting best practices in eactef t
upstream sectors one by one (Figure 6, Panel A).differences come from the fact that adopting the
best practice in one upstream sector modifies rlistao frontier (the MFP gap) in the following
years, which modifies in itself the MFP gains ob¢al by adopting the best practice in other upstream
sectors. Given that the resulting differences aimomthe time sequence of sectoral reforms would
not appear to be very important. Looking at thegstam-the-buck of adopting best practices in each
upstream sector (Figure 6, Panel B), the highesdumtivity gains originate from reforms in retail
trade and the professional services, while the $bgains are obtained from adopting best practices
financial intermediation and communication. Of g®yrthis partly reflects the already high degree of
homogeneity in regulatory practices in these sedtoyear 2000.

VIl - Conclusion

Regulations that bridle access to otherwise coityetnarkets and unnecessarily constrain
business operation can be a drag on productivibyvt. While most analyses of this issue have
focused on the effects of these regulations onpitogluctivity of the firms or sectors directly
concerned, the main point of this paper is thahswegulations can also have powerful indirect
depressing effects on the productivity of othertaesc through input-output interlinkages. We
modelled the main channels through which thesectsffenay happen — reduced access to key
intermediate inputs and rent-seeking by intermediaput providers that reduces incentives to
improve productivity downstream. We then testedekistence and estimated the magnitude of such
effects on a sectoral panel of OECD countries dkerlast two decades. Although our empirical
productivity specification cannot distinguish amotige various channels at work, we find that
differences in regulation of non-manufacturing eesproviding intermediate inputs are indeed quite
relevant in explaining the variance of multifacimroductivity growth rates in our sample, with
upstream regulation curbing such growth rates fggmitly in a large share of observations.
Moreover, we showed that the closer MFP is to ¢ohrological frontier the higher is the estimated
negative impact of upstream regulation on proditgtigrowth. Interestingly, the estimated negative
impact has increased over time in concomitance déépening globalisation and diffusion of ICT.
Over the 1995-2007 period, measured at the avegage eliminating all regulatory burdens in
upstream sectors would have increased MFP growtiplip 1.7 percentage points per year. This is a
significant drag on economic performance given thast of OECD countries’ GDP growth over the
recent past has been driven by growth in multifaptoductivity, which generally ranged between 0
and 3 per cent per year.

The need to find ways to boost GDP growth is paldirly important in the recovery from the
current recession. The implementation of structuedbrms aiming at decreasing anticompetitive
regulations may be one of them. As suggested m phper, the MFP gains obtained from such
reforms could improve significantly potential outpgrowth, thereby also facilitating the adjustment
of public finances, which have suffered from thesisr and the ensuing recovery plans. The
simulations we have performed show that all coastgould expect important MFP growth gains
from structural reforms that consist of adoptingtlregulation practices in sectors that are impbrta
providers of intermediate inputs to the economyweieer, these MFP growth gains are different
across countries. The differences stem from foatofa: (i) the excess regulatory burden relative to
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best practice in upstream sectors, (ii) the intgnsf linkages between upstream and downstream
sectors, (iii) the weight of sectors in the econqay and the distance of productivity in thosetees

to the global productivity frontier. The larger thecess regulatory burden, the higher the interatedi
consumption of regulated products, the greaterst#woral composition effect, and the smaller the
distance to the productivity frontier, the strontfeg gains in productivity from aligning regulatsim
upstream sectors with best international practice.

More work needs to be done to check the soundnfei®e policy recommendations drawn
from our econometric results. The statistical digance of these results needs to be confirmed by
further investigation, and the underlying economiechanisms have to be better understood. In
particular, it would be desirable to better idgnstatistically the channels through which upstream
regulation affects productivity such as those hiitted in our illustrative theoretical model. Pregs
to bridge better and more precisely the gap betweemesults and policy implications could be made
in the two interrelated dimensions of data and eicgdiand theoretical modeling. The data dimension
is perhaps the most important. In this paper wes liaken advantage of the updated OECD data base
of regulation indicators, and we can expect furtheygress from such source of information, in
particular as its coverage is extended, as wdllyasareful comparison with other existing data base
and sources of relevant information. As concernglating, more detailed research, ranging from
econometric analysis to case studies, investigativeg various channels through which specific
regulations affect firm behaviour is necessary.ofis results suggest a clear link between regulation
and productivity over the past 15 years, focusinghe consequences of ICT diffusion in the context
of worldwide globalization, and exploring what codde the aftermath of the current economic crisis,
would also be essential to deepen our economicrstaagling of this link.
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Appendix 1

The theoretical model

This appendix — drawn from Lopez (2010) — sumnearithe theoretical model presented in
section 2.

Preferences and technology

We consider an economy composed of a unit magdeafical consumers. Each consumer
has an instantaneous utility functian(.) = fol ln(xj)dj. X being consumption of final good from

industryj. Because of the logarithmic utility function eaddustry receives the same expenditure
share. Spending on each final good is normalisednity, then the inverse demand function is:
p; = 1/x; Vj. Each final good is produced using an intermediated as the only input, according to
a production function linear on input;; = y¥i.1;, x; being the quantity of goodproduced by the
firm i using a quantity; of intermediate input the technological level of the firimandy captures
the size of the efficiency improvement stefps> 1). Final good producers (henceforth called
downstream firms) can move one technological steyad at a Poisson hazard ratdy incurring a
costf (a), and we assume that this step is the largestlggran separate the leader from followers
due to knowledge externalities. Consequently thypes of firms, indexed by e {—1,0,1}, exist:
followers(i = —1), leadergi = 1), or firms in a leveled industiy = 0).

Market imperfections and price setting rules

Firms compete in price. In an unleveled industryleader maximizes its profit; by
applying a limit pricing rule, setting a price thmatike the profitt; of the follower equal to zero, thus
grabbing all the expenditure share of its variétya leveled industry profits should be equal tooze
but we assume a degree of colluséor 1 between firms, thus the total profit for the intituss equal
to emy, and each firm earngy = €. 7wy /N. Thus, the leader’s profit also determines théamsineous
profit flows for each type of firm. To calculatevie need to define the intermediate input pricas an
leader’'s optimal output price. Intermediate inpup@iers (henceforth called upstream firms) are
assumed to operate in an imperfectly competitiveketa As a result, finding a supplier of
intermediate input, which is a necessary requirdnmestart producing, involves a Poisson hazarel rat
of p < 1. Such market imperfections translate into sageidegredd of market power when upstream
firms set input prices, which reflects the imposgybfor downstream producers to instantaneously
replace one supplier with another. Thus, the ippice p!’ is fixed above the (constant) marginal cost
¢ of producing intermediate inputs It is an outcome of a bargaining between upstreaa
downstream firms on the total rent R

{ (pLU_C)'lL'ZIB'Ri = pll = :B

T
pi =T——5.5 *¢
Ri:”i+(P{1_C)-li ' 1_B li
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The intermediate input price is increasing witk bargaining power of upstream firms, the
unit profit of the downstream firnx; /[; , and the marginal cost of input production.

The downstream output price in an unleveled inglustdetermined by the price setting rule
of the leader (i = 1): it sets a price that maltes frofit of the follower (i = -1) equal to zeroiven
consumer demand, the downstream firm productiootiom and the input price setting formula, the
downstream output prigeis: *°

m_q1=pP.X_1— pl_ll.l_l =0 > P = yk—l
The output price of a downstream firm, is incregswith the marginal cost of producing the

intermediate input and decreasing with the tectgiodd levelk of the industry and the sizeof the
efficiency improvement steps.

Given the input and output prices the leader i
k 1
1 =0-B.(py"—c)l; = ”1=(1_,3)-(1—;) (1)

This profit is growing with the size of the efiéricy improvement steps and decreasing with
the power of negotiation of the upstream suppligrs worth noticing that it is independent of the
input production marginal cost. Indeed, the powenegotiation of the upstream suppliers distorts
competition between leaders and followers, makirgyibput price depend on the profit of the firm,
whereas the marginal cost of inputs is the samalfdirms.

Model solution and comparative statics

The steady state Bellman equations associatedatch eossible state (leveled, leader,
follower) can be expressed as:

rlo=mo+a.(Jy—Jo) +ta.(J_1—Jo) —6.Jo — f(a) 2
rly=m+AJo—J)—6.]1 3
rfy=m_1+@A+68).Jo—J-1)—6.J4 4)

with r the discount ratey the Poisson hazard rate of efficiency improvementbe hazard rate that
another firm innovatep the exogenous rate of firm destructiofta) the cost of efficiency
improvements anil the rate of catch-gp

% In order to simplify the presentation, industrdires for some variables are dropped from now on.

® In Aghionet al. (2005) only two firms compete on each market d&ddatch-up probability depends on the follower’s

effort. In our model the number of downstream finsgndogenous but, in order to keep things tréetdbe catch-up
probability is exogenous.
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The downstream firms in a leveled industry chatheerate of efficiency improvements, or
equivalently the level of spending needed for ekipgcsuch improvements, in order to maximize
their value. From equation (2) the first order dtind of the producer maximization program implies:

9Jo _ of(a”) _ . x

dalyg 0= Ey" =J1(@") = Jo(a®) (5)
In words, at the downstream firm optimum the maagicost of efficiency improvements

equals the expected gains from innovating. The rekoorder condition is satisfied given our

assumption on the shape of the cost function:

%5

9%f(a")
Frcl i P

da? 0

N,a

The optimal rate of efficiency improvements candeeived as follows. From equations (2)
and (4) we get:

(r+8).Jo= 1~ D).(mo + a1 —Jo) — f(@)) (6)

a
r+26+A+a

with Q(a) = representing the risk to be overtaken by anoth&svator.

Then, from equations (3) and (6), the expectéasgaom efficiency improvements are:

7 m1—(1-Q).(mo—f ()
Ji=Jo= r+8+A+a.(1-Q) @)

Therefore, incentives for efficiency improvemeats growing with the leader’s profit and
the level of competition downstream, as the prafit a leveled industry is decreasing with
competition. The incentives are also increasindp Wit risk to be overtaken in a leveled industry.

Finally, from equations (5) and (7), the optimater of efficiency improvements is defined
by the following equality:

of (@) m—(1—-Q).(mo - f(a"))
da  r+6+l+a.(1-0Q9)

Short run

To solve the model it is worth noticing that, fraguations (3) and (5), the optimal rate of
efficiency improvements, for a given number of fncan be determined by the function:

x —m—(+8)Js _df(a”) _
®(a’,N) = r4+8+A da 0 8
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with the value of a firm in a leveled industry steamg from equations (6) and (7):

a.my+(r+8+2).(mo—f (@) )

(r+6).Jo=>010-Q). r+8+A+a.(1-Q)

We can use equation (8) to study the existenceuaigieness of the equilibrium efficiency
improvements rate, for any given number of dowmstrdirms. To this end we first find conditions
for monotony of thed(o*, N) function:

ad(a”,N)| r+68 9J§ 0% f(a*)

da |, \r+8+2 daly da?
od(a*, N r+d6 1-Q).J: 2%f(a*
_ @ N _ PP G )Y R (G
da y TT26+2 r+é+1+a*.(1-0Q) oa?

The sign of this derivative is not straightforwanthe marginal cost of improvements is
increasing with the rate of improvements, but tixpeeted gains from improvements are also
increasing. Indeed, through the risk to be overiaRe the rate of efficiency improvements has a
negative externality effect on the value of a fiirma leveled industry. If the expected gains from
improvements increase more than its marginal dbstequationb(a, N) is growing with the rate
of efficiency improvements and the equilibrium ratuld be infinite.In the following, we

.. L *f(a*) .
assume that the acceleration in the cost of eﬁuyelmprovements% is stronger than the

externality effect. Under this condition the fulcti®(a, N) is strictly decreasing with the rate of
efficiency improvements.

Second, we study the limits of tigo*, N) function:

( _ M= <“°—l3féf(°‘)> - Af(e)
(lxl—r%CD(a'N)_ r+8+A2 _gg(l) da = y_%q)(“»N) >0
: _0f(0) :
Ulm f(a) = 0 and lim ——— = 0 by assumption
a—0 a=0 da

lim ®(a,N) = — (1 - 1) + 2 tim @) (1 —X . 9f(a)/ 9a 60()]
a—+oo ’ r+8+A° X/ X a-oto| o S ( ()
3 x=1+(N- 1).ﬂ
r+28+2
lim @ =+4+oc0 and lim M > 1 by assumption
L a—to o amtoo  fl0)

= lim ®(a,N) <0

a—+ 00
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Therefore, for any given number of downstream peceds, under some assumptions on the
cost function of efficiency improvements, the fuaot®(a, N) is strictly decreasing with the rate of
efficiency improvements and defines a unique fieteilibrium efficiency improvements rate.

We then turn to theomparative statics of the model for a given number of downstream
producers.

a. The effect of the rate of efficiency improvengeon the value of a firm in a leveled industry is:

| _ o

‘ a0 /o
daly  4Q

N.a 6a|N aa‘m

At the producer optimum the private effect of artrease in the rate of efficiency
improvements is equal to zero, but there is anreality effect due to the impact of the rate of
efficiency improvements on the risk to be overtakgrmother innovatorst):

% :_r+6+/1 Jo
00y o 1-Q r+6+214+a.(1-Q)
o0 r+d6+1
—| =(N-1). ——
daly r+6+1+a)
Al _,
\ aaN,Q
9] r+8+A2 1-Q).
ﬁ‘ =—(N - 1). (1= D/ <0
daly r+26+Ar+5+1+a.(1-0Q)

« The value of a firm in a leveled industry decreaséth the rate of efficiency
improvements, for a given number of downstream pceds, because of the
corresponding increase in the risk to be overtaken.

b. The effect of the bargaining power of upstreamgd on the value of a firm in a leveled industry,
for a given number of firms and rate of efficiengyprovements is:

Y| _ | Om
aﬁ a,N aT[l a,N a'B aN
(9] _1-0" a"+(r+6+4).€¢/N
anlalN_r+6'r+6+l+a’*.(1—ﬂ*)
damy _ Ty <0
l B a,N_ 1-p
- d]o _ m 1-Q° a"+@+6+1).€/N
Bl,y 1-B r+8 r+6+1+a.(1-0QY)
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e As the bargaining power of upstream firms has aatieg effect on the profits of
downstream firms, it also has a negative impacthmvalue of a firm in a leveled
industry.

c. Finally, the effect of the bargaining power gistream producers on the optimal efficiency
improvements rate is:

anl/aﬁ—(r+5)%)

ad(a*,N) a,N
B gy - r+8+1 <0 (10)
9®(a*,N)
d B g
= £ = _W,N)N <0 (11)
N da N
e For a given number of downstream producers, the@maptrate of efficiency
improvements is decreasing with the power of negjot of the upstream firms.
Long run
The endogenous number of downstream producesedirsed by the following condition:
V=pJo—b=0s],=b/p (12)

with V the value of a firm searching for a supplier adémimediate inputs; the Poisson hazard rate to
find one and the searching cost.

As the search for an intermediate input suppfeiime consuming it reduces access to the
downstream market. The equilibrium number of dowessnh producers and rate of efficiency
improvements are given by the system composed bgtiegs (12), (8) and (9). The long-run rate of
efficiency improvements solution to this system is:

df(a*) m —(r+68).b/p
da  r+8+2

* The rate of optimal efficiency improvements is giogvwith the hazard rate to find an
intermediate input supplier and declining with search cost.

« The bargaining power of upstream firms has a negaifect of the equilibrium optimal
rate of efficiency improvements

The following points a, b, c and d describe howshnd long run properties of the model
interact to lead to this reduced equation andecctirresponding implications.
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a. The effect of the number of downstream producerihe value of a firm in a leveled industry, &or
given rate of efficiency improvements is:

o) 0| 0 s
aNl,  9Qlye oNl, " ONlyq
uo|  _ r+8+4 b _,
00y o r+8+1+a.(1-Q)'1-Q
< o A
aNl, T N-1
o 1-0 r+8+ 21
290 = — . .My <0
\ON Iy q r+6 r+d+1+a.(1-9Q)
/o r+d+1 Jo 1-Q my
Waz_r+6+l+a.(1—9)'< 'N—1+r+6'ﬁ)<0

* Increasing the number of downstream producersvmaségative effects on the value of
a firm in a leveled industry: it decreases the ipaifthese firms and increases the risk to
be overtaken.

b. The effect of the number of downstream produoerthe rate of optimal efficiency improvements
is:

0®(a”,N)| r+d6 9J, >0
ON | =~ r+é&+2a70Nl,
dd(a*,N)
da dN u
—=———>0
dN d®(a*, N)
da N

* Increasing the number of downstream producersvimagositive effects on the optimal
efficiency improvements rate. First, the profit affirm in a leveled sector decreases,
because it has to share the rent with more dovarstngroducers. Second, the risk of
being overtaken also increases.

c. The effects of the hazard rate of finding amrimediate input supplier and of the corresponding
search cost on the optimal rate of efficiency inweraents can be inferred as follows. We know that
the value of a firm in a leveled industry decreasitls the number of competitors:

da dJ,

d
2 0o Jo
v 0N 9N

0Jo _ o _, %
.« _ ON

N~ 9a <0

But, from the free entry condition (12), we alswW that the number of firms decreases
with the searching costand increases with the hazard rate find a supplier of intermediate input.
Moreover, the rate of optimal efficiency improverteis increasing with the number of downstream
producers.
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« Therefore, the rate of optimal efficiency improvenseis growing with the hazard rate to
find an intermediate input supplier and decliningwthe search cost.

d. The effect of the bargaining power of upstrearmdg on the optimal rate of efficiency
improvements is:

Ja _ da ON Oa

9~ aN"3p " aBl,,
4 9o %| 9a| | 0)o
a_N__aﬁN__aaN.aﬂN aﬁa,N
o~ 9o O] Oz 0
\ ON aaN'aN E)Na
da  (3)o\ * [0)o| Oa| ), da
= —=<—) A==l =31 —=3| 35)<0
ap ~ \oN oNl, apl, 9Bl oN

The impact of the bargaining power of upstreammdiron the optimal efficiency
improvements rate works through the effect on thealver of downstream producers. This effect is
negative only under certain conditioffshut these conditions are not necessary for sigthiagffects
of bargaining power on the rate of efficiency imgrments.

* The bargaining power of upstream firms has a negatifect of the equilibrium optimal
rate of efficiency improvements.

3 The bargaining power of upstream firms has catitrg effects on the number of downstream firms:

9, =%| oay o
apl, ~oaly'3pl, " 9B,

As we have already see%’ﬁ

<0, | <pand | < 0, then, for a given number of firms, the bargaining
Na aaly agly

power of upstream firms has two contrasting effectshe value of a firm in a leveled industry: fogiven rate of
efficiency improvements it decreases the value &fra, but it decreases also the rate of efficiemoprovements
thereby increasing the value of a firm.

We can show that the negative impact overcomepdkitive effect if, and only if:

?f(@) p T+6 N-—1
da? b'1”+25+/1(r+5+/1)_%+a

This condition is stronger than the one needetiaee a unique finite equilibrium. However this citioth isn't
necessary to determine the impact of the bargaipavger of upstream firms on the optimal efficiermprovements
rate.
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Appendix 2

Data description

Product market indicators
a. The OECD indicators of non-manufacturing regulation

The overarching criterion on which this paper sysrand assesses regulations is their effect
on competition where competition is viable. Eaclihaf OECD sectoral indicators reflects regulations
that curb efficiency-enhancing competition, wheresgilations in areas in which competition would
not lead to efficient outcome®.{. natural monopolies) are not considered. This aproyields
indicators that are well-focused and account ferdtferent technological characteristics of sextor
At the same time, the indicators are silent ongih&lity of regulation according to criteria othbah
competition or the extent to which regulations agkinon-economic policy goals.

By and large, all the indicators are constructed similar way. They cover information in
four main areas: state control, barriers to entryplvement in business operations and, in some
cases, market structure. The information summaiisethe indicators is “objective”, as opposed to
survey-based, and consists of rules, regulatiodsraarket conditions. All of these regulatory data a
vetted by OECD Member country officials and/or OE€Xperts. The indicators are calculated using
a bottom-up approach in which the regulatory dat guantified using an appropriate scoring
algorithm and then aggregated into summary indisdty sector of activity in each of the four areas
or across them. While this approach involves aeke@f discretion, notably in choosing scores and
aggregation weights, it has the merit of transpayeand makes it possible to trace each indicator
value to the underlying detailed information abpalicies and market conditions.

The resulting indicators of non-manufacturing fegan cover energy (gas and electricity),
transport (rail, road and air) and communicatioos{pfixed and cellular telecommunications) over
the 1975-2007 period, and retail distribution anafgssional services for 1998 and 2003 in 30 OECD
countries. These indicators are used to deriveulatgry burden’ indicators of the trickle down
effects of anti-competitive regulation in theseteex (plus the finance sector) on sectors thatthise
outputs of these sectors as intermediate inputdndicators are updated on a regular basis and the
values as well as background documentation areighulavailable atwww.oecd.org/eco/pm(see
Conway and Nicoletti, 2006).

b. Measuring the effects of anti-competitive non-macitufring regulation on downstream
industries: the ‘regulatory burden’ indicators

The trickle down effects of non-manufacturing regjon are likely to have become
particularly salient over recent years given theydaand increasingly important role of the non-
manufacturing sector as a supplier of intermedipputs in OECD countries. For example, on
average across countries for which (harmonisedjtioptput data exist, in the late 1990s almost 80%
of the output of the business services sector vgasl s an intermediate input in the production
processes of other sectors in the economy. Similbktween 50 and 70 % of the output of the
finance, electricity, and post and telecoms seatodestined to be used as intermediate inputseo t
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production process. In addition, the importance noh-manufacturing sectors as a source of

intermediate inputs has been growing rapidly oeeent decades, along with the rest of the services
sector. For example, Kongsrud and Wanner (2009)rtapat the service sector now accounts for

roughly 70% of all jobs and value-added in the OE&@Ba, which is more than 5 percentage points
higher than in 1990.

In any given country the magnitude of the effamft:ion-manufacturing regulation on the
economy will be a reflection of two factors:

« the extent of anti-competitive regulation in nonAutacturing sectors, and
« the importance of these sectors as suppliers effirddiate inputs.

The first of these factors is captured by the OHBficators of regulation in non-manufacturing
sectors® the second factor is measured using total inpefficients derived from (harmonised)
input-output tables, which provide a snapshot vigwhe purchases and sales of intermediate inputs
between different sectors in a given y&ar.

Using total input-output coefficients, the regalgtburden indicators (REG) are calculated
as follows in each countfy:

REG , = Y NMR  *w, O<w, <1
]

where the variabl®MR; is an indicator of anti-competitive regulationrian-manufacturing sectgr

at timet and the weightv, is the total input requirement of seckdior intermediate inputs from non-
manufacturing sectgr The (harmonised) input-output data for OECD coast and therefore the,
exist at the 2-digit (ISIC rev3) level, implyingahthe NMR must also be calculated at this level of
sectoral aggregation. Accordingly, the NMR indicatare mapped into the ISIC system as shown in
figure A2.1. If more than one of the NMR indicatonap into a given 2-digit ISIC sector th&iMR;

is calculated as a simple average of the constitinglicators. Finally REG is normalized on [0;1]
over the study sample

Wherek=j in the above formulaw; is the total input requirement for the sector'snow
output. In this paper, we focus on timalirect effect of regulation in upstream sectors on sector
downstream. Therefore, the ‘regulatory burden’ ¢atirs used in empirical analysis are constructed

% As mentioned above, an indicator of anti-compatitiegulation in the finance sector — describedetail in de Serrest

al. (2006) — is also used as part of the analysis tifcampetitive regulation in non-manufacturing ahe calculation of
the regulatory burden indicators.

% Total input coefficients are calculated as followWsY is a vector of industry gross outputs, D ector of demand for

final goods, and A a matrix of technical coeffidier that is, the share of inputs from industrgédi in producing one
unit of output of industry k — then the basic riglatbetween output and final demand can be explesse

D=(I-A)Y, or alternatively, Y=(I-A)'D
In this equation (I-A} is the Inverse Leontief Matrix of the input-outmatefficients and describes how many units of an

industry’s output have to be produced at any stdgie value chain in order to produce one uniffifeel demand.

0 This technique for calculating the regulatory mirdndicators is a variant of that used by Fatral. (2006). Total input-

output coefficients have also been used by Allegral. (2004) to derive the impact on export-oriented @ecbof
economic activities that are problematic from tépof view of antitrust law.
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under the constraint;=0 for anyj. In other words, we ignore both the impact of tagon in sectoy
originating from consumption of intermediate inpgi©duced by the same sector and direct
impact of the sector’s regulation on productivitjtames.

The ‘regulatory burden’ indicators are calculaedhis way for 20 (ISIC rev3) sectors in
the 15 OECD countries covered by our sample owepdriod 1984 to 2007. It should be noted that,
in the formula,NMR; is equal to either the indicators for energy, st and communication
industries, for which complete time-series data arailable, or the indicators for the other sectors
(retail trade, professional services and finamafjch have been estimated for only 2003 (finanee) o
1998, 2003 and 2007 (retail trade and professigealices). For the purpose of computing the
‘regulatory burden’ indicators, regulation for riénd professional services was kept constarisat i
1998 value. Given the limited time variability ofgulation in these sectors (Figure 1), this is a
relatively weak assumption. In any case, it is ingrat to keep in mind that, due to data limitations
the variability of the ‘regulatory burden’ indicasoin the time dimension reflects changes in the
regulation of the energy, transport and commurocagiectors.

Productivity

MFP measures and distance to frontier indicesdarved from data on value added, total
employment and net capital stock contained in OEBQstry databases. Net capital stocks in the
Productivity database by industry (PDBI) are computith the Permanent Inventory Method (PIM)
on a single asset, assuming geometric rates oédiepion and investment taking place in mid-period.
PDBi made available net capital stock series ugiog different assumptions to compute the initial
capital stock. In this study the initial capitabak is estimated for the year 1984 by the cumuativ
depreciated past investment, using the long-ruwiiroate of investment volumé&.

As discussed in the text the panel is cleanede@®btons with TFP growth over +/- 50%
are excluded from the sample (48 observations)adlsas observations with MFP more than 20 times
smaller than the MFP of the leading country (18eoistions). Mistaken changes in the variables gap
and ‘leader MFP growth’ occur when the leading d¢ouenter or exit of the sample because of data
availability. In order to take into account of tiissue, all observations before the entrance er #ie
exit of the leading country are excluded from tlaengle, when the concerned years are few (64
observations). When, on the contrary, the datalahiify of this leading country is scarce, the
variables gap and ‘leader MFP growth’ are calcdlateing MFP of the first follower, assuming that
this second country is a good approximation offitse, and the leading country is excluded from the
sample (73 observations).

Finally a cleaned unbalanced panel of 4629 obfensfrom 15 countries and 20 industries
on 1984-2005 is available for the estimations. Thecountries are: Australia, Austria, Belgium,
Canada, Denmark, Finland, France, Germany, Grd&dg, Netherlands, Norway, Spain, Sweden
and United-States. See figure A2.2 for the indulssty

LA full presentation of the data and methods usedcdiculate the net capital stocks is availabletiie “PDBi

Methodological Notes”.
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Appendix 3

Analysis of robustness and significance

The robustness of the estimations has been testasgveral counts: the estimation period;
the country coverage; the sector coverage; thetdopiput matrix used to calculate the regulatory
burden indicators; the price measurement of thputudf ‘electrical and optical equipment’ (30-33);
the type of PPP adjustment; and the measuremdi&ef. We have also estimated the same model
using labour productivity (LP) as a dependent \deiaThis appendix focuses on the 1995-2007
period. The conclusions of the sensitivity analygsis broadly the same over the whole period (1985-
2007).

Estimation period

The estimation of equation (7) has been carrigcbola moving 15-year time window (see
Table A3-1). The increasing impact (in absolutenr of regulations and the decreasing impact of
the gap show up progressively over time. In pdraltee impact of the interaction term decreases
progressively. These developments are most appatesn the last years of the 1980s are excluded
and the first years of the 2000s are included éndiitaset. This observation gives some suppoainieto t
idea discussed above that the change in resultstiove is due to increased integration of the world
economy in the context of the diffusion of new tealogies.

Country coverage

The estimation of equation (7) has been carrigdbgudropping one country at a time in
order to check that estimation results are notedriley the inclusion of any particular country (see
Table A3-2). The results are quite robust to thdeges in coverage, which affect neither the sfgn
the coefficients nor their significance. More psaty, we observe that: (i) the MFP frontier growth
and the gap coefficients experience only margirfanges; (i) the coefficient of REG and the
interaction term between REG and gap are withima standard-deviation interval except in two
cases, Austria for REG and Greece for the intevadierm, for which the coefficient is higher. Our
main results could therefore be seen as lower bestichates.

Sector coverage

The estimation of equation (7) has been carri¢dpwropping one sector at a time in order
to check that estimation results are not drivethigyinclusion of any particular sector (see Tabke A
3). The results are again quite robust. Changeseator coverage affect neither the sign of the
coefficients nor their significance. More preciselye observe that: (i) The MFP frontier growth
coefficient decreases by more than 20% only whers#ttor ‘electrical and optical equipment’ (30-
33) is dropped; (ii) The gap coefficient experienomly marginal changes; (iii) the coefficients of
REG and of the interaction term between REG and sgapetimes change by more than 20% but
remain always within a one standard-deviation wekr
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Input-output matrices used to calculate the reguladry burden indicators

Choice of the US input-output matrix in the baselestimations was motivated by the wish
to minimize: (i) measurement error biases, suppgp#iat the US matrix is estimated more precisely
than in other countries; (ii) endogeneity biaség, technical coefficients of national input-output
matrices being potentially influenced by the degsEesgulation. Ideally, one would want to use the
input-output table from a country not included ihetestimation sample and without any
anticompetitive regulation in non manufacturingteess While strictly speaking such a country does
not exist, the United-Kingdom is a second best ahais its regulations are close to best practice in
many sectors. We therefore re-estimated our speatisn with the ‘regulatory burden’ indicators
calculated using the UK input-output table. We adstended the robustness check to estimations
using country-specific input-output tables. Finallye estimated our baseline equation (with the US
table) but excluding US observations. The resuksramarkably robust to these changes (see Table
A3-4). The coefficients experience only marginahregpes when the domestic input-output matrices
are used. The coefficients change more, especfalypne of REG and, to a lesser extent, the one of
the interaction term between REG and gap, whetJéput-output matrix is used. But the changes
never affect the sign of the coefficients and dftady slightly the estimation precision.

Price measurement of the output of ‘electrical andaptical equipment’ (30-33)

In the baseline estimation, the output price indegd for the US ‘electrical and optical
equipment’ (30-33) sector is the global manufaamrroutput price. This choice has been made
because hedonic methods for building the outpuepridex for this sector are more common in the
US than in other countries, which could have imgatrimplications for the estimates given the larger
correction for improved quality in only one countiy/e observe that the results change marginally if
the US are excluded from the dataset or if the &l&tive price of the sector ‘electrical and optical
equipment’ (30-33) is used as the output pricexride all countries (see Table A3-5). However, if
the US index price of the ‘electrical and opticguipment’ (30-33) sector is used only for the US
MFP calculation, we observe some impact: the cdefit of the interaction term between REG and
gap decreases (in absolute terms).

PPP adjustment

In the baseline estimation, the PPP adjustmerdgabkzed for each country with a national
level PPP index (provided by the OECD) for the waduMFP level calculation. An alternative choice
is to use sector-specific PPPs. In principle tlisice would be more appropriate but, in practice
sector-specific indices suffer from more seriousasugement error, with the consequent estimation
bias risks. We have tried this alternative, usihg tnklaar and Timmer (2008) method for
constructing sector-specific PPP indices for eaintry as follows:

In(PPP_P,) = @..In(PPP_VA,)+{1-@,).In(PPP_II )

where PPP_P are the PPPs on gross ouput from the EUKLEMS imngdugiatabase,
W, = (acs+ %Ss)/ 2with @, the ratio of value added to gross output in curgice, from the
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STAN databasePPP_VAthe PPPs for value added aR&P_II the PPPs for intermediate inputs,
computed using input-output tables and PPPs farténfpom OECD input-output databases.

Compared to the baseline estimation, the avaragact of the regulatory burden indicator
does not change sensibly, but the coefficient egém of the gap and of its interaction with the
regulatory burden indicator decrease.(see Tabl&)AZs this may reflect more measurement bias
than in the baseline estimation, we have decidedgort results using the national level PPP irslice

MFP measurement

Due to decreasing returns at the extensive amghsite margins of labour utilisation, the
elasticities of productivity to working time and tiee employment rate are negative (see Bourlés and
Cette, 2005, 2007). In each country*sector, MFRMfnomay partly capture changes in the working
time and in the employment rate, and the distandbeoMFP level to the frontier (gap) may also be
partly reflect differences in these factors. Toaot for this possibility, we used the elasticity
estimates of Aghioet al. (2009)* and the gaps with the US in working time and eymplent rates
to calculate for each country*sector*year, a “stumal” MFP level, defined as the one that would be
observed if, at any moment, the working time arelémployment rate were the same as in the US.
We then estimated equation (3) using these “stralttMFP measures instead of our baseline MFP
variable. Compared to the baseline estimationctiedficient estimates decrease (in absolute terms),
except for the coefficient of REG (see Table A3/43.this may reflect more measurement bias we
decided to report results using the standard MF&smes.

To calculate MFP, different assumptions can aksarmiade concerning the labour share in
value added. In the baseline estimation, this sisasector-specific, and is calculated for eachicsec
by taking the average of the labour share ovecalintries and years in the dataset. Estimation of
equation (3) has also been made using four othasumnes of the labour share. These four alternative
measures are described in Table A3-7. Resultsute mpbust to using these different measures.

Productivity measurement: Labour productivity (LP) or MFP

Equation (7) has also been estimated using lapmductivity (LP) instead of MFP as a
measure of productivity. The various specificatiaested are shown in Table A3-8. From a
qualitative point of view, when all available obsmrons are used results are very similar to our
baseline MFP estimates (compare columns 1 and 6yveker, the precision of the coefficient
estimates of the gap and its interaction with ggufatory burden indicator decreases.

42 These elasticities come from the estimates ofiéwktal. (2009).
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Figure 1.Non manufacturing regulation trends and cross-coutny dispersion
(scale 0-6 from least to most restrictive of cortjmet)

A. Regulation in energy, transport and communicatia®, 1975-2007
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B. Regulation in retail trade, professional service and banking, 2003
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Figure 2.Variability of the ‘regulatory burden’ indicators a nd ‘best practice’
(0-1 scale from least to most restrictive)

A. Sample average by country in 1985, 2000 and 2007
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B. Sample average by industry in 2000 and 2007
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Sectors :40-41 : Electricity, Gas and Water Supply ; 50:8&holesale and Retail Trade, Repairs ; 60-63 :
Transport and Storage ; 64 : Post and Telecommiimisa; 65-67 : Financial Intermediation ; 71-7Renting
of Material and Equipment and Other Business Attivi
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Figure 3.MFP growth and level, trends and cross country-indstry dispersion

A. Average MFP growth over time and cross country-indstry dispersion
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Figure 4.Regulation impact on MFP growth, 1985-2007, 85-%ind 95-07 estimate's

A.Regulation impact on MFP growth, 1985-2007 estimase
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C.Regulation impact on MFP growth, 1995-2007 estimase

6%

4% A

2% -

0%

olo 0.1 0.2 3 04 05 = = gz i e 11
-1.70 pm—————= ------- -
%] PIOREG :0.055......... p e
-2% 4 = ~ /-—

p50 REG {0.135 _—_____...__,..--
_—-""—-—-

Regulationimpact on MFP growth

4% | _mm==—""

-6%

p10=0.160 p25=0.293 p50=0.434 p75=0.584 p90=0.772 gap
(85.2%) (74,6%) (64,8%) (55,8%) (46,2%)

The impact of the regulatory burden on MFP grow#ipehds of the country-industry pair distance frow t
industry frontier. This effect is introduced thrduthe variable gap, which is the logarithm of théa of the
industry MFP leader to the MFP of its followers.eTduartiles as well as the first and last decifahis variable
are indicated on the figures (the correspondingergrnge ratios of follower MFP to frontier MFP are
brackets). The first and last deciles of the refpujaburden indicator (REG) are also put on theirés, so the
guadrangle included between these deciles andnthe af gap represent around 60% of the sample.
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Figure 5.Anticompetitive regulations levels in the upstreansectors in 2007 and 2007
(all sectoral indicators have a 0-6 range fromtleasnost restrictive)

A.  Anticompetitive regulations levels in the upstreansectors - 2000
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Sectors :40-41 : Electricity, Gas and Water Supply ; 50:5&holesale and Retail Trade, Repairs ; 60-63 :
Transport and Storage ; 64 : Post and Telecommiimnisa; 65-67 : Financial Intermediation ; 71-7Renting
of Material and Equipment and Other Business Attivi
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Figure 6 MFP gains in the non-farm business sector in 2007
from adopting in 2000 the best practice observed i8007 in the upstream sectors

A.  MFP gains in 2007 — Alternative and simultaneous ferms
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B. Decomposition of the MFP gains in 2007 by upstreasectors
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of Material and Equipment and Other Business Attivi
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Figure 7.Annual gains in MFP growth in selected countries
from adopting in 2000 the best practice observed iB007 in the upstream sectors
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Table 1: Main estimation results
Dependent variable: Growth in multi-factor produityi (MFP)

1985-2007 1985-2007 1985-1994 1995-20(¢

Change in MFP in the technology leader 0.113*** 0.114*** 0.065* 0.122%**
[0.016] [0.016] [0.033] [0.019]

Gap in MFP levels, 0.037*** 0.041*** 0.065*** 0.032***
[0.003] [0.004] [0.006] [0.005]

Regulatory burden' indicatqrs -0.064 -0.067 0.044 -0.124**
[0.048] [0.047] [0.091] [0.062]

Effect of gap on the regulation impagct 0.240*** 0.375*** 0.132**

[0.040] [0.064] [0.054]

Fixed effects :

Time * Country Yes Yes Yes

Industry Yes Yes Yes

Tests of joint significance (p-values):

gap,=REG;=gap; * REG. ;=0 0.000 0.000 0.000

REG.,=gap; * REG.,=0 0.000 0.000 0.011

Test of equality across both periods (p-values):

joint for gap-1, REG-1 and gap-1 * REG-1] 0.000

Ratio MFR-on MFP above which REGhas gositive impact

Ratio | 2.123*** 1.425%** 4.115*

Proportion of the sample above this threshold 13.22% 63.10% 1.40%

Observations 4629 4629 1691 2938

R-squared 0.25 0.25 0.27

Standard errors in brackets
* significant at 10%; ** significant at 5%; *** gjnificant at 1%
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Figure A2.1The correspondence between the indicators of non-mafacturing and ISIC sectors

NMR sectors ISIC sectors
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Figure A2.2Industry list*

FOOD PRODUCTS, BEVERAGES AND TOBACCO 15-16
TEXTILES, TEXTILE PRODUCTS, LEATHER AND FOOTWEAR 17-19
WOOD AND PRODUCTS OF WOOD AND CORK 20
PULP, PAPER, PAPER PRODUCTS, PRINTING AND PUBLISHING 21-22
CHEMICAL, RUBBER, PLASTICS AND FUEL PRODUCTS 23-25
OTHER NON-METALLIC MINERAL PRODUCTS 26
BASIC METALS AND FABRICATED METAL PRODUCTS 27-28
MACHINERY AND EQUIPMENT, N.E.C. 29
ELECTRICAL AND OPTICAL EQUIPMENT 30-33
TRANSPORT EQUIPMENT 34-35
MANUFACTURING NEC; RECYCLING 36-37
ELECTRICITY GAS AND WATER SUPPLY (Energy) 40-41
CONSTRUCTION 45
WHOLESALE AND RETAIL TRADE; REPAIRS (Retail) 50-52
HOTELS AND RESTAURANTS 55
TRANSPORT AND STORAGE (Transport) 60-63
POST AND TELECOMMUNICATIONS (Com.) 64
FINANCIAL INTERMEDIATION (Fin. S.) 65-67
REAL ESTATE ACTIVITIES 70

RENTING OF M&EQ AND OTHER BUSINESS ACTIVITIES (Prof. S.) 71-74

1. “Upstream”sectors for which regulation data @veilable are in red.
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Table A3-1
Estimation on a moving 15 year time period window Period: 1995-2007

1985-19991986-20001987-20011988-20021989-20031990-20041991-20051992-20061993-2007

AIn(MFP ) 0.089%* [ 0.097** | 0.127** |0.134** |0.137** |0.140** |0.137*** |0.115"* |0.120"*
[0.023] | [0.021] | [0.019]| [0.019]| [0.018]] [0.018] 8] | [0.018] | [0.019]
gap, 0.056%* | 0.053** | 0.045** |0.040%* |0.040%* |0.036*** |0.035** |0.034** |0.034***
[0.004] | [0.004] | [0.004]| [0.004]| [0.004]| [0.004] [@04] | [0.004] | [0.004]
REG., 0012 | -0,015| -0,019| -0,021] -0,051  -0,077  -0.099* .16@* | -0.116**

[0.061] | [0.058] | [0.058]| [0.057]| [0.056] [0.056] [WG6] | [0.056] | [0.058]
gap,* REG, | 0.230%* | 0.250% | 0.246%* |0.227+* |0.227%* |0.167** |0.178** |0.175%* |0.170***
[0.049] | [0.047] | [0.049]| [0.050]| [0.049] [0.050] [49] | [0.050] | [0.051]

Fixed effects:

Time * Country Yes Yes Yes Yes Yes Yes Yes Yes Yesg
Industry Yes Yes Yes Yes Yes Yes Yes Yes Yeg
Observations 2906 3152 3235 3318 3385 3452 3511 3510 3378
R-squared 0,29 0,29 0,27 0,26 0,26 0,26 0,26 0,24 0,24

Standard errors in brackets
* significant at 10%; ** significant at 5%; *** sigificant at 1%

Table A3-2
One country is alternatively dropped from the datagt — Period: 1995-2007

Mam. AUS AUT BEL CAN DEU DNK ESP FIN FRA GRC ITA NLD NOR SWE USA
estimation

AIn(MEP5) 0.121%* [0.122** [ 0.132** [0.120%* [ 0.119** [ 0.118** | 0.127** [ 0.123** [ 0.125** | 0.119*** [ 0.137** [ 0.129%* [ 0.111** [ 0.113** [ 0.117* [ 0.112%*
[0.019] | [0.019]| [0.020]| [0.020] [0.020] [0.020] [@I9] | [0.020] | [0.019]| [0.020]| [0.019] [0.020] [0.0RQ [0.019] | [0.019]| [0.020]

gap 0.032*** 10.032*** | 0.034*** | 0.031*** | 0.034*** | 0.031*** | 0.029*** | 0.034*** | 0.036*** | 0.032*** | 0.035*** | 0.036*** | 0.032*** | 0.030*** | 0.033*** | 0.032***

[0.005] | [0.005]| [0.005]| [0.005] [0.005] [0.005] [D5] | [0.005]| [0.005]| [0.005]| [0.006] [0.005] [0.0pF [0.005] | [0.005] | [0.005]
REG. -0.124% | -0.126** |-0.248** | -0.125* | -0,105 | -0,105| -0.138* -0.128* | -0.108*| -0.142* -0,088 | -0.111*| -0,209| -0.107f -0,09| -0.130

[0.062] | [0.063]| [0.069]| [0.064] [0.064] [0.065] [63] | [0.066] | [0.063]| [0.067]] [0.063] [0.065] [0.0p71 [0.059] | [0.071]| [0.063]

gapi*REG. | 0.132%* | 0.136* | 0.134* | 0.124* | 0.136**| 0.139**| 0.B7* | 0.116* | 0,085 | 0.135%|0.210***|0.153%* | 0.131* | 0.100* |0.146*** | 0.127**
[0.054] | [0.055]| [0.055]| [0.056] [0.056] [0.055] W3] | [0.056] | [0.061]| [0.056]] [0.066] [0.058] [0.0p§ [0.052] | [0.055]| [0.055]

Fixed effects:

Time * Country Yes Yes Yes Yes Yes Yes Yes Yesg Yes Yes Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes Yes Yeg Yes Yes Yes Yes Yles Yes Yes Yes
Observations 2938 2852 2688 2718 2760 270 2729 2754 27p4 2720 796 2| 2736 2709 2695 2724 2821
R-squared 0,22 0,21 0,23 0,22 0,22 0,21 0,24 0,21 0,41 0,21 220 0,21 0,21 0,23 0,21 0,21]

Standard errors in brackets
* significant at 10%; ** significant at 5%; *** sigificant at 1%
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Table A3-3

One sector is alternatively dropped from the datage- Period: 1995-2007

esi\iﬂrﬁgion 15-16 17-19 20 21-22 23-25 26 27-28 29 30-B3 341386-37 40-41 45 50-52 55 60-68 64 65-67 7(
AIN(MFP g)| 0.121** |0.126***|0.125***|0.126***|0.118***|0.130***|0.125*** |0.119*** |0.114*** |0.076*** |0.132*** |0.122*** |0.120***|0.123*** | 0.123*** | 0.124*** | 0.120*** |0.122*** |0.132*** |0.120***
[0.019] | [0.020]| [0.019] | [0.019]| [0.020]| [0.019] [0.019] [0.019] [M9] | [0.022]| [0.019]| [0.019] [0.019] [0.020] [0.019 [0.019] | [0.019]| [0.019]| [0.020] [0.019

gap, 0.032*** [0.034**|0.032**|0.030** |0.031*** |0.032***|0.031***0.031*** [0.031*** |0.031*** |0.031*** | 0.032***| 0.032** |0.032*** [0.032%** |0.034*** | 0.031*** | 0.033*** | 0.037*** |0.034***
[0.005] | [0.005]| [0.005] | [0.005]| [0.005]| [0.005] [0.005] [0.005] [W05]| [0.005]| [0.005]| [0.005] [0.005] [0.005] [0.0p% [0.005] | [0.005]| [0.005]| [0.005] [0.005
REG., -0.124* | -0,101| -0.149% -0.105% | -0.120%| -0.113% -0.123{ -0.122F -0.1321*0.134**| -0.131* | -0.129**{ -0.104* | -0.118* -0.170*{ -0.111* | -0.117*| -0.143*{ -0,068 | -0.140*4

[0.062] | [0.066]| [0.063] | [0.063]| [0.063]| [0.062] [0.064] [0.063] [@B3] | [0.062]| [0.068]| [0.062] [0.063] [0.064] [0.08 [0.064] | [0.064]| [0.064]| [0.066] [0.066
gap*REG.| 0.132% | 0.140%%|0.147+*| 0.134** | 0.129%* | 0.137** | 0.112** | 0.130** | 0.116** | 0.122** | 0.135** |0.153*** |0.148** | 0.127** | 0.129* |0.153***(0.147**| 0.129* | 0,08 | 0.114**
[0.054] | [0.055]| [0.055] | [0.055]| [0.055]| [0.055] [0.055] [0.055] [@65] | [0.054]| [0.057]| [0.057] [0.053] [0.055] [0.0F6 [0.056] | [0.055]| [0.054]| [0.068] [0.056

Fixed eff.:

Time*Coun

It. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes YesYes Yes Yes Yes Yes Yes Yeg
Industry Yes Yes Yes Yes Yes Yes Yes Yeg Yep Yas Yeés Yes YesYes Yes Yes Yes Yes Yes Yes
Observation

s 2938 2796 2779 2779 2774 278H 2780 2793 2787 2809780 20 2779 2796 2784 2764 2785 2813 2827 2779 2

w

R-squared 0,22 0,22 0,22 0,22 0,22 0,22 0,22 0,21 0,21 op1 230/ 0,21 0,23 0,21 0,22 0,22 0,22 0, 0,2 0,
Standard errors in brackets

* significant at 10%; ** significant at 5%; *** sigificant at 1%

Table A3-4
The input-output matrix used to calculate the regution indicators in the downstream sectors — Periadl995-2007
US matrix US matrix
Mai o US excluded from the Domestic matrix UK matrix France matrix
ain estimation d
ataset

AIn(MFP ) 0.122*** 0.1212%** 0.121%* 0.121%** 0.1271***

[0.019] [0.020] [0.019] [0.019] [0.019]
gap, 0.032*** 0.032%** 0.033** 0.029*** 0.031***

[0.005] [0.005] [0.005] [0.005] [0.005]
REG_ -0.124** -0.130** -0.145%* -0,083 -0,054

[0.062] [0.063] [0.043] [0.066] [0.057]
gap; * REG 0.132** 0.127** 0,110 0.099* 0.138**

[0.054] [0.055] [0.070] [0.055] [0.056]
Fixed effects:
Time * Country Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes
Observations 2938 2827 2938 2938 2938
R-squared 0,22 0,21 0,22 0,21 0,21

Standard errors in brackets
* significant at 10%; ** significant at 5%; *** sigificant at 1%
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Table A3-5

The price measurement of the output ‘electrical anaptical equipment’ (30-33) — Period: 1995-2007

. N 30-33 specific price is| US excluded from the US. 30'3.3 specmc
Main estimation ; relative price is used
retained for US dataset f .
or all countries
AIN(MFP ) 0.122%** 0.108*** 0.110%** 0.129%*=*
[0.019] [0.021] [0.019] [0.022]
gap, 0.032%** 0.022%** 0.032*** 0.034***
[0.005] [0.004] [0.005] [0.005]
REG.; -0.124** -0.135** -0.123** -0.124*
[0.062] [0.064] [0.062] [0.063]
gap.* REG; 0.132** 0,073 0.128** 0.150***
[0.054] [0.052] [0.054] [0.054]
Fixed effects:
Time * Country Yes Yes Yes Yes
Industry Yes Yes Yes Yes
Observations 2938 2938 2925 2938
R-squared 0,22 0,21 0,21 0,21
Standard errors in brackets
* significant at 10%; ** significant at 5%; *** sigificant at 1%
Table A3-6
PPP adjustment and MFP measurement— Period: 1995-00
Main estimation Sectorial PPP "Structural productivity"
1985-2007 1995-2007 1985-2007 1995-200f 1985-2007 1995-2007
AINn(MFP ) 0.114*** 0.122%** 0.049%** 0.037* 0,001 0,033
[0.016] [0.019] [0.015] [0.019] [0.018] [0.021]
gap. 0.041*** 0.032%** 0.010*** 0.007** 0.027*** 0.019***
[0.004] [0.005] [0.002] [0.003] [0.003] [0.004]
REG.; -0,067 -0.124** -0.085* -0.112* -0.133*** -0.158**
[0.047] [0.062] [0.049] [0.066] [0.051] [0.064]
gap; * REG 0.240*** 0.132** 0.081*** 0,054 0.186*** 0.104**
[0.040] [0.054] [0.029] [0.038] [0.036] [0.047]
Fixed effects:
Time * Country Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
Observations 2938 2938 4603 2922 4360 2888
R-squared 0,22 0,26 0,22 0,19 0,24 0,2

Standard errors in brackets
* significant at 10%; ** significant at 5%; *** sigificant at 1%
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Table A3-7

MFP measurement- Period: 1995-2007

Main estimation MFP1 MFP2 MFP3 MFP4
AIn(MFP ) 0.122*** 0.119*** 0.118*** 0.118*** 0.117***
[0.019] [0.019] [0.019] [0.019] [0.019]
gap; 0.032%** 0.027** 0.027** 0.032%** 0.033***
[0.005] [0.005] [0.005] [0.005] [0.005]
REG_ -0.124** -0.126** -0.126** -0.125* -0.127**
[0.062] [0.062] [0.062] [0.062] [0.063]
gap; * REG 0.132** 0.115** 0.077 0.115** 0.124**
[0.054] [0.052] [0.053] [0.056] [0.057]
Fixed effects:
Time * Country Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes
Observations 2938 2887 2895 2925 2919
R-squared 0.22 0.21 0.21 0.21 0.22

Standard errors in brackets
* significant at 10%; ** significant at 5%; *** sigificant at 1%
MFP1: The labour share in the value added is cgts#ctortyear specific

MFP2: The labour share in the value added is cgtsegctor specific, and calculated for each courgegtor by an average on

1984-2007

MFP3: The labour share in the value added is sa&ar specific and is, for each sector*year, the obhserved in the US

MFP4: The labour share in the value added is segtecific and is, for each sector, the averagéefane observed in US on

1984-2007
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Table A3-8

Productivity measurement: Labour productivity (LP) or MFP

Main estimation (2) 3) (4) (5) (6)
AIN(MFP ) or AIn(LPE) 0.122%** 0.126*** | 0.057*** | 0.055*** | 0.054** | 0.093***
[0.019] [0.020] | [0.021]| [0.021]| [0.022] [0.021]
gap, 0.032*** 0.033*** | 0.031*** | 0.016*** | 0.022*** | 0.011***
[0.005] [0.005] | [0.005]| [0.005]| [0.005] [0.004]
REG_; -0.124** -0.079 -0.078 | -0.133* -0.102 | -0.230***
[0.062] [0.064] | [0.064]| [0.066]] [0.068] [0.064]
gap; * REG 0.132** 0.133* | 0.129** | -0.108 -0.085 0.091*
[0.054] [0.056] | [0.057]| [0.066]] [0.068] [0.051]
A(KI/L) 0.366*** | 0.361*** | 0.338***
[0.027] | [0.027]| [0.028]
Fixed effects :
Time * Country Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
Productivity measurement :
AIn(MFP) TFP LP LP LP LP LP
AIN(MFP ) TFP TFP LP LP LP LP
gap, TFP TFP TFP LP LP LP
Observations 2938 2794 2794 2794 2794 4686
R-squared 0.22 0.28 0.27 0.27 0.22 0.18

The sample is smaller in estimations 2-5, tharh@érhain estimation. This is becaube leading country-industry pairs in each
period are not the same if productivity is measungd1FP or LP. Observations before the entrancafter the exit of leaders are
dropped to avoid spurious changes in gap &An@VIFP:) and their number differs depending on the dedinitof productivity.
Available observations for LP are many more thanM&P (whose construction which require capitatktdata) as reflected in
column 6. Column 5 replicates the same regressiorthe same number of observations as in columnsfd-£omparison

purposes.
Standard errors in brackets

* significant at 10%; ** significant at 5%; *** sigificant at 1%
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