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Abstract: Studies of firm-level data have shown that theseai huge dispersion of
productivity across firms even when industries maerowly defined. So there is a significant
opportunity for the least productive firms to catgh to the most productive. The formers’
convergence could therefore constitute an importpatt of productivity growth at the
macroeconomic level. This article sheds light os ttonvergence process in the 1990s and
the 2000s in France and on some of the factors hwidan explain it. Productivity
convergence was stronger for labour productivitgrtor total factor productivity. But most
importantly the speed of convergence has slowenhgltihe course of the 1990s, a fact which
is explained principally by the acceleration of gwe@ductivity of firms on the technological
frontier. Three possible explanations of theseissyl facts are considered: globalisation,
information technology, and competition. Globalisatand information technology may have
benefited the most productive firms more and tlosvgr of competition may at the same time
have stimulated the productivity of firms at thentier while discouraging the convergence of
the least productive firms.
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Résumé:Le développement des études sur données d’ersespimis en évidence la forte
dispersion de la productivité entre les entrepriseéme dans des secteurs d’activité définis
de fagon étroite. Il existe donc des marges impem de rattrapage pour les entreprises les
moins productives. Leur convergence vers le nivimufirmes les plus productives peut donc
constituer un élément important de la dynamique lde productivité au niveau
macroéconomique. Cet article apporte un éclairage cette convergence dans les années
1990 et 2000 en France et sur quelques-uns desuiectjui pourraient I'expliquer. Ainsi, la
convergence de la productivité a été plus forterdauproductivité du travail que pour la
productivité globale des facteurs. Mais surtoutyi@sse de convergence a diminué au cours
des années 1990, ce qui s’explique principalemantipe accélération de la productivité des
firmes qui caractérisaient la frontiere technologéy Trois facteurs d’explication sont
avances a ces faits stylisés : La mondialisatiofegttechnologies de l'information auraient
plus bénéficié aux firmes les plus productivesdigmgue I'accroissement de la concurrence
aurait a la fois stimulé la productivité des firm&da frontiére et découragé la convergence
des firmes les moins productives.
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1. Introduction

The growth of labour productivity (output per hedmbgan to fall in France in the 1990s,
dropping from an annual average rate of 2.2 pericetihe 1980s to 1.4 per cent in the 1990s
and 1.0 per cent in the 2000s. At the same timeietuof firm-level data have shown that
there is substantial dispersion of productivity ogsr firms even within narrowly defined
industries (for example Baily et al., 1992 and Owjt1998 and 2000) and even across
different establishments within the same firm (@&hfet al, 2007, who ascribe this in great
part to differences in the quality of management).

Several studies have shown that this dispersioesgiise to a convergence process
amongst firms which partly explains the growth adguctivity at the macro level. Apart from
the impact of random shocks, the least productivesf tend to catch up to the most
productive, either by increasing capital intensity, by copying the latter’'s organisational
methods, or by adopting their technology. This @gence has been demonstrated for
British data (Oulton, 1998 and Griffitht al., 2002) and for Japanese data (Nishinairal,
2005), even after allowing for the impact of thdesBon process by which the least
productive firms tend to disappear.

In France convergence plays a much more imporilet and the entry-exit process a
correspondingly smaller one than is the case ieratbuntries. In fact, productivity growth
within surviving firms explains the bulk of aggreégaroductivity growth in France during the
1990s (Crépon and Duhautois, 2004). The within-fcomponent of productivity growth
arises either from the growth of productivity offis at the frontier or from convergence of
less productive firms. It is this latter processahiithis article seeks to describe and explain.
The speed of convergence, to be estimated by delifesient methods, can be defined as the
year by year reduction of the gap between the mtodty level of a given firm and a target
level.

Competition is one of the factors suggested byhberetical literature as a determinant of
the speed of convergentérincipal-agent theory suggests that competitias @mbiguous
effects on productivity convergence. It enablesrednalders to evaluate better the effort of
managers of firms by improving the comparabilitytbéir results (Nickelket al, 1997), to

raise managerial effort by an increased risk okbagptcy (Holmstrom, 1982), and to raise the

2 See Ahn (2002) for a review of the literature.



return to the productivity gains resulting from tosduction via a higher elasticity of demand

(Willig, 1987). On the other hand, competition alewers the return to effort by reducing

margins and can therefore lower the incentive tog@onvergence (Scharfstein, 1988). This

idea has also been applied by Aghatral (2005) to the return to investment in innovation.

This article examines the impact of competition ppoductivity convergence but also

considers more topical factors such as the impadlabalisation (via the acceleration of

exports), and of information and communication textbgies (ICT). The FIBEn database

maintained by the Banque de France will be thecjpal source. In the next section three

stylised facts about productivity convergence iariee in the 1990s will be set out. In the

third section three possible explanations of tistgksed facts will be considered.

Box 1
THE FIBEN DATABASE

The FIBEn database maintained by the Banque dec€&iriarthe principal data source used i

the present study. It gathers data derived fromfigoal returns of some 282,000 firms that

existed in France between 1991 and 2004, of whigB00 firms were present during the

whole period. It covers the whole of the market@ealthough industry is covered better than

services.

Inclusion in the database is a function of sizdetadebt levels) but some firms which

=

meet the criteria are nevertheless absent: for phaimh a firm is not obliged to publis

accounts or if it does not voluntarily send itcéisreturn to the Banque de France. At the end

of the period the database contains 80% of all eyggls and 90% of the employees of very

large firms (those with more than 500 employees).

The number of firms in the database has grown mepelly than has the population pf

firms in France; 98,359 firms were in the databi#msd&991 and 155,770 in 2004. This

S

mainly due to inflation because the size criterfon inclusion in the database is nominal

sales. The growth of the included firms was paldidy strong at the beginning of the 1990s

and led to an increase in the share of small emsep enterprises with less than |20

employees constituted 50% of the sample in 1992kasdyrew to 58% in 1997 and to 60%|in

2004. This leads to a potential bias in the esemaro verify the robustness of the results,| we



have also done the estimates using the balancepleshthe numerous controls that we have

used (dummy variables for sector, year, sectoryaa, region) also reduce the size of the

D
=

bias. Another factor suggesting that the impadhefbias is limited is the similarity betwe
the productivity growth rates in the whole and Iiaéganced samples (see Chart A).

The 108" productivity decile is composed of firms which areaverage slightly older than

D
=

in the sample as a whole (the median age is onehygher) and appreciably larger (thg
sales are 50% higher in the case of labour prodtictind 10% higher in the case of TFP).
Very young and above all very small firms are unggresented in the T@lecile. For labour

productivity, the 18 decile includes the largest firms, which is nat tase for TFP.

Chart A
The growth of productivity
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®  The balanced sample is not completely free fraam, tsince the firms present at the beginning efpériod

initially have a probability of one of surviving letast 12 years, but this probability declinesim® tgoes on.
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Box 2
MODELLING AND ESTIMATING CONVERGENCE

Convergence amongst firms is modelled in the sam@ne a8 convergence amongst count

(for example, Barro (1991)):

Ag, = Bq,, + X e+ Y 1)
where g, is the log of productivity (labour or TFP) of tita firm in yeart, X, is a vector of

exogenous control variables, is a vector of parameters, aogd is an error term.

The control variables include dummy variables fecter, year, region, and for t
interaction of sector and year. For each sectoremwth year, convergence can thereforg
towards different productivity levels since some&tees are more intensive in physical
human capital than others. Regional dummies ar ialduded in order to allow for th
effects of varying distance from raw materials ated export markets, and also f
geographical clustering effects.

In the model of equation (1), there is convergahg@ < 0: within a given sector and in
given year, firms converge towards a common pradygievel (8 convergence). This dog
not necessarily imply that productivity dispersideclines ¢ convergence) due to th

presence of the error term, . Equation (1) can be rewritten in the form of attef the
stationarity of productivity growth at the firm lels

G =1+ L), + X e+ Y
The model of equation (1) can thus be considerergltively as a test of the persistence

productivity shocks: if3 <0, the effect of shocks gradually disappears.

An alternative formulation of convergence has beemloyed, for example by Griffith ¢

al. (2002):

Ag, =B(d, .~ q) HIAG +y
where qut Is the productivity level of firms which are orethrontier. Here firms are suppos
to converge towards the productivity level of fientfirms which is itself growing Aqﬁ).

Equation (1) is a generalisation of this hypothesice frontier effects are captured by

interaction of sectoral and year dummies.
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The model of equation (1) rests on strong assumgtioonvergence is linear and occurs

at the same rate in all years. The model can beifieddio test these hypotheses by

introducing some variable, interacted with lagged productivity to test itsp@ct on the

speed of convergence.

The linearity hypothesis implies that convergersceyimmetric: the productivity of firms

which are above the long run leVéhlls at the same rate as the productivity of §irwhich

are below it grows. But it might be thought thaé throcess is asymmetric: the speed

of

convergence may be less rapid for firms that avalihe long run level since they can

benefit from their innovations over a run of yeamhile firms below the long run level a
under greater pressure to converge (eg due tttbattof bankruptcy). To test this hypothe

of non-linearity, two methods have been employed:

1. The dummy variables for the productivity decilediohs have been used as indicatorg

lagged productivity levels.

2. The decile dummies have been interacted with laggeductivity levels, which assumes

€

Sis

of

that convergence is linear within each decile. @heile dummies are defined by sector

and not at the whole economy level, which means fihas are converging towards

a

long run productivity level which is sector-specjfiand not towards a common, whole

economy level.

Under the first method:
Aq =Y, AD+XE+y @)
Here Df_, is a dummy variable equal to one if itie firm belongs to théth decile in yeat-

1 and zero otherwise. In this model thg coefficients should be interpreted as the gro

rate of firms in thekth decile relative to that of firms in the1@decile which is chosen as t

reference:
5 =E(Aq | D =1X, )-EQq |Q°=1X, )
If there is convergence, all th are positive and decreasingkin

Under the second method:

wth

In the long run, from equation (1), the productivivel converges te-X, £/ 5.
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9
Ag, = zkﬂ:@ Dil,(t—lq X ety (3)
Here B, is the speed of convergence of a firm inktiedecile.

The second hypothesis, invariance of the speedmofargence over time, can be tested
estimating the model separately for each year.

Finally, to test the impact of some varialgeon the speed of convergence, an interac
term is introduced into equation (1):

AGy = BoQs1+ BiQi-a%-1t Bog -t X €+ | (4)

The speed of convergence of ttiefirm in yeart is then 3, + Bz, ,. If S, >0 then the spee

of convergence is decreasingZp and if 5, <0 then it is increasing iz, .

Identification and estimation

The model is identified if there exists a statignapresentation of productivity of the form:
f
G =$+ZLO(1+ BV, (5)

The term f, represents the unobserved heterogeneity of fittns. assumed constant ov|

time. The termv, represents transitory shocks to firm-level prooityt The assumption

about the distribution of the shocks are similarthose of Arellano and Bond (1991

Arellano and Bover (1995), and Blundell and Bon®98). The firm-level shocks at
assumed independent of all the control variables:

H,: E(f[X,)=0
In the same way, the transitory shocks are assunakegphendent of all the controls, in eve
year:

H,: E(v |X,)=0,0t0i

The unobserved characteristics of firms are assum#ependent of the transitory shoc
conditional on the control variables:

H,: E(fv

1t

| X, )=0,0t,0t O
The transitory shocks are assumed independent twer, conditional on the contrg

variables:

by

tion

j®N

er

1°2)

N

e

lry

> To simplify the notation in equation (5), we igadhe control variables here.

7



H,: E(vV|X,)=00s# 1

Following Arellano and Bond (1991), we assume fttnat initial value of productivity is

uncorrelated with subsequent transitory shocks:
Hy: E(q,Y [ X, )=0,0t>2

Following Arellano and Bover (1995) again, we im@oa second initial condition b

assuming that the firm-level fixed effects are unelated with the initial growth of

productivity:
He: E(fAQ,[X,)=0

Using equation (5), we can rewrite equation (1theform
Ag, = Bq,,+ f+y

Under the assumptions just set out, it is now cldet lagged productivity is a

endogenous variable since it is correlated withuhebserved firm-level heterogeneity.

More precisely, it can be shown that the ordin&gst squares estimator overestimates

coefficient £ while the firm-level fixed effects estimator undstimates it, whether in leve

or first differences.
On the other hand, from the assumptions one cavedaiset of moment conditions whi
allow the model to be identified:
E(q,Ay,)=0,0t=30s> 2

E(yAq,)=0,0t=30s= 2

These assumptions permit the identification of thedel by using the twice lagged fir

differences of productivity as instruments for fagged productivity levely, ,, following

the strategy of Arellano and Bover (1995).
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Box 3

The main variables

The following variables were used:

Real value added (VANominal value added (NVA) deflated by the sedtprace index
(at the NES36 level, ie two-digit level). The uniadaility of price indexes at the firn
level may lead to bias in the estimates.

Labour input (L) Average number of employees, full time equivae®TE), including
temporary employees. The data in the fiscal resisupposed to be full time equivalen
The employment data has been adjusted for tempemapioyment on the basis of t
proportion of the wage bill devoted to the lattdowever, the adjustment is minor.
Capital input (K) Real capital services, estimated by the methdgboidet al. (1997).
Labour productivity (LP)VA/L. Output per head, not output per hour, evieough the
workers are measured as full time equivalents.

Wage bill (WB).The total of salaries, social contributions, pgrefiaring, and payments
workers not employed by the firm.

Share of labour ¢ ). WB/NVA

Total factor productivity (TFP)Growth rate of real value added minus the weigisted
of the growth rates of the inputddIin(VA / L) -[1-(1/2)@, +a, )]0AIn(K /1L ),

wherei denotes the firm anthe year.

The database of firms is liable to contain soméymg values, due to the large number,

observations and the method of collection. In otdeaivoid distorting the estimates, extre

values have been removed using the following caitéir the value in logs of a variable (TF

LP,

...) is greater than the value of the thirdrgleaplus three times the interquartile gap o

less than the first quartile minus three times iterquartile gap (Tukey's method,

recommended by Kremp (1995)).

-

o
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A simple way of measuring the speed of convergence

Convergence in productivity at the firm level ingdithat the productivity of firms with low
productivity att-1 grows more rapidly betweethl andt than that of firms with higher
productivity. In order to test the convergence hiipsis and estimate its speed, a simple
model in which the growth of productivity betwee#ri andt depends on the level of

productivity att-1 can be employed. If the coefficiet attached to the productivity level at

t-1 is significantly different from zero and negatjithen convergence exists. In addition, the

higher the absolute value ¢F, the faster is the speed of convergence. The pean®

therefore characterises the process of converg@iieee.model can be made richer in two
ways. On the one hand, adding a set of controbisées enables us to study conditional rather
than absolute convergence. On the other hand,sevgtion that convergence is linear can
be relaxed by allowing the speed to vary betweaileteof the productivity distribution. The
model is estimated by the Generalised Method of Euis1(GMM).

Using output per employee rather than output perr las the productivity measure can
lead to a biased estimate of the convergence spded. will be the case if hours per
employee are growing at a different rate in higlodoictivity firms compared to low
productivity ones. During the period under studyarmges in the regulations covering the
length of the working week may have led to thisdkaf bias. (the loi Robien of 11 June 1996,
the lois Aubry | and 1l of 13 June and 20 Januaspectively). From 1996 to 1999 the impact
of these measures was limited (2,300 Robien agnetsnseggned between June 1996 and June
1998, 13,000 Aubry | agreements between June 188@®acember 1999) and hours worked
per employee did not change much between 1992 @@ dccording to INSEE. On the other
hand, in two years — 2000 and 2002 — there werg waarked falls in hours worked per
employee. These were the years when the two loisryAgaused most firms to reduce
working hours, according to the ACEMO enquiry. tiddion, it may well be that these laws
cause a bias in the estimated speed of convergamoe firms with more than 20 employees
had to reduce working hours from 1 January 2000enthie rest had to from 1 January 2002.
On the whole the evidence presented here suggest@ase in productivity dispersion in
2000, particularly when measured by the standawthtien, but no corresponding reduction
in 2002. Nevertheless, the stylised facts iderdtifie this section are observed through the

whole period and changes in 2000 are the contiomiaif trends observed in the 1990s. In

10



addition, the very rapid GDP growth observed innéein 2000 (+4.1%) may also have
contributed to the changes seen in that year.

2. Three stylised facts

Based on the various versions of the model of cagyeree (see Box 2), the following three

stylised facts emerge:

* The productivity of firms converges, whether pradty is taken to be labour
productivity or total factor productivity, but treeris one notable difference. The
convergence of labour productivity occurs througtick-up by lagging firms, while
convergence of TFP occurs through a regressidmetonean by leading firms.

» The speed of convergence falls over the estimateriod (1992-2004) while productivity
dispersion increases.

» This reduction in the speed of convergence deffiwas an increase in the relative growth

rate of productivity in the highest productivityrfis.

“Bottom-up” convergence in labour productivity, “to p-down” convergence in TFP

The first finding is of a significant degree of e@ngence Z-convergence) in both labour

productivity and TFP, in both the total and theabaked sampland with controls for sector,
region and year, and for sector and year intera(ded Table 1). For the median firm in the
first (lowest) productivity decile, half the gap ttviits “target” level of productivity is
eliminated in less than four years, both for labpaductivity and for TFP.

Because of shocks, this finding of convergencemaramual basis might not be valid for
longer periods. Nevertheless, over five years tedficient of convergence is still found to be

significant and close to what would be expected time absence of shocks

(-0.68= 1- (- 0.2)): see Annex 1.

®  The similarity of the estimated coefficient olhsergence in the two samples is evidence that timelias

has only a limited effect.
" The “target” level of productivity differs betweemch sector, each region and each year. So walkirey
here of an average speed of convergence.
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As explained in Box 2, the speed of convergenceldcalepend on the level of
productivity in a non-linear fashion, contrary tdhat we have assumed up to now (see
equation (1)). To see if this is actually the case, consider the annual transition matrix
between productivity deciles (see annex 2). Thisrismahows the distribution of firms by
decile in one year (the rows) by the decile inftiiwing year (the columns).

The transition matrix demonstrates substantialtismén the distribution since nearly 70%
of firms either stay in their current decile or monmto an immediately adjacent one. This
inertia is greater for TFP than for labour produtyi as reflected also in the lowet for
labour productivity in the regressions of Tabletlle share of firms remaining in the same
decile as in the preceding year (the diagonal)ngotmly higher for TFP, with the sole
exception of deciles 9 and 10. But most importartthg form that convergence takes differs
between labour productivity and TFP. Convergencébttom-up” in the case of labour
productivity, with the less productive firms catepiup with the better ones, while for TFP it
is “top-down”, with the most productive firms regeing to the mean. In fact, averaged over
the whole period, 62% of firms in the first dediée labour productivity in one year were still
there in the next, compared to 82% for TFP.

Another way of quantifying this stylised fact isnoodel annual productivity growth as a
function of the initial level of productivity, bwith the convergence speed allowed to vary

across deciles. The convergence coefficiefit§or each decile (equation (3) of Box 3) are

thus estimated separately from the firms in eadhleleThe relation between the speed of

convergence and the initial productivity level domfs our previous finding (see Table®):

» For labour productivity, the speed of convergeralks fin three steps. The coefficient for
the lowest decile is algebraically the smallest1®0using Generalised Least Squares
(GLS), ie a rapid rate of convergence). Then fernkxt 5 deciles the coefficient is about
-0.13; for the last four it is about -0.07.

» For TFP, the speed of convergence rises in a rgugidar way with the decile number,

so that the higher is a firm’s productivity levéie more does its growth rate suffef (

becomes increasingly negative, going from -0.03Herfirst decile to -0.11 for the tenth).

8 The results for labour productivity using GMM aret significant for deciles 5, 6 and 7, due todkféculty

in finding good instruments for the interactiomtsrbetween decile and productivity (productivitydetimes
decile number, see equation (3) of Box 3).

12



This suggests that for labour productivity the cengence process acts through a relative
increase in capital intensity: the least producfisras catch up with the others by investing in
physical capital or by shedding labour. For TFPcbgtrast, it seems to be difficult for firms
to stay on the technological frontier, as is shdwrboth the annual growth regressions and

the five-yearly ones (see Annex 1).
The decline in the speed of convergence and the rease in dispersion

Studying changes over time in convergence and ptowdly dispersion reveals a decline in
the speed of convergence and an increase in vameasures of dispersion between 1992 and
2004. This finding is not affected by whether wes uee whole sample or the balanced
sample) nor does it depend on the measure of dispe(standard deviation, interquartile
range or interdecile range divided by the medi@mart | shows the changes in the standard
deviation between 1992 and 2004 for the whole amldnced samples. After a period of
stability in the 1990s, the increase in dispersuas particularly marked after 2000.

Estimating S-convergence year by year (equation (1)) shows that speed of
convergence falls in the 1990s (Chart II). The ishecin the speed is continuous in the 1990s;
it flattens off from 2000 onwards for labour produity but continues for TFP. This finding
is robust since it applies to both the balanced anbalanced samples and for different
methods of estimation (GMM, GLS, Spearman ranketation).

The fall in the speed of convergence derives fromhé performance of the most

productive firms

By analysing the convergence process by year ardebye, we can see that the reduction in
the speed of convergence derives from an increasigei growth rate of productivity in the
most productive firms (those in the M™@lecile), relative to that of other firms. The
coefficients measure the mean difference betweenptbductivity growth rate in thkth
decile, relative to the productivity growth ratethre highest decile. So convergence exists if
these coefficients are positive and decrease adeitike number rises.

In fact, from Chart Ill, we see that:

13



« the ¢, are all positive and the curves are parallel, destrating convergence within each
sample (growth is relatively higher, the lower tezile);
» the J, generally all fall over time, demonstrating thadwgth in the 18 (reference) decile

is rising relative to growth in the other deciles.

3. ICT, globalisation and competition

The features which marked the 1990s suggest selgpattheses for explaining the second
and third of the stylised facts mentioned abovat tb, the fall in the speed of convergence
due to a relative increase in the productivity gitowate of the most productive firms. At the
macroeconomic level, productivity growth has beerkad by the impact of information and
communications technology (ICT). It is possibletti@T has benefited most the firms which
were already highly productive, owing to their dezacapacity to profit from waves of
innovation: the level of qualifications of their playees is higher, they have a greater
capability to carry out organisational change, rtleisting technology is more productive,
etc. One could equally well argue that new entrtamisich are initially below the mean
productivity level of their sector, might be betfdaced to take advantage of ICT since their
organisation and their capital stock is new.

The second hypothesis considered in this articlethiat globalisation stimulated
productivity growth, the mechanism being the ragqmd prolonged growth of exports on the
part of firms focused on markets abroad. Previoagkwas documented that exporting firms
also have the highest productivity (Clerides andbolit, 1998), since there are large fixed
costs incurred in entering foreign markets. Theass whether, in addition to this selection
effect, there is also a positive effect of glokatiisn on productivity growth.

The final hypothesis involves competition. It ikdily that competition in product markets
increased during the 1990s, as a result of theipslof deregulation and growing openness to
foreign competition. The time path of the OECD’slicators of product market regulation
reflects the impact of these policies (Nicolettda®carpetta, 2005, covering seven sectors).
However, the theoretical literature does not speiék one voice on the relation between
competition and productivity (see above) and wenoapredicta priori the direction of the
impact of strengthened competition on productieiyvergence.

14



Information and communication technologies (ICT)

ICT played a major role in productivity growth imafce in the 1990s via investment in ICT
products and capital deepening. Cettal (2001) have shown that in the second half of the
1990s the contribution of ICT capital to Frenchwgtio was more important than that of any
other type of asset.

Studying the impact of the diffusion of ICT on pumtivity convergence raises various
guestions. First, is the diffusion of ICT biased#ods leading firms, because of the high skill
levels of their employees, because these firmsnawee agile, or because they are more
sharply focused on new developments in technolo@y?is diffusion biased towards new
entrants who can escape the restructuring costshwhust be paid by older firms if they are
to benefit fully from ICT?

To measure the diffusion of ICT, we employ the sharICT in total profit at the industry
level, which is available in EU-KLEMS (NACE 52). iBhshare is calculated in the standard
way as the sum of the shares of computers, softvear@ communications equipment. For
each of these components, the share is the remtal pultiplied by the stock, as a ratio to
GDP. The rental price follows the standard Hallggmson formula.

In the absence of firm-level data, industry-levedasures have been used. This limits the
strength of any conclusions since it is not thessgme to show that the most productive
firms, whatever their sector or industry, have adddCT on a large scale. In order to test the
robustness of our results to the potential endageagthis variable, the value of this variable
in U.S. industries is also used (see Annex 3). Ti® deal with the problem that causality
may be from productivity to ICT intensity ratheaththe other way round.

Building on equation (4), we estimate:

Ag, =9, 4+ y(q,4ICT, _)+OICT, _+ X e+ |
whereq is the log of productivity (labour or TFP), meastiras deviations from sector-year
means,ICT is the share of ICT capital in profit in each seci is a vector of dummy
variables for year, sector, and regiomdexes firmsj indexes sectors artdndexes years.
The coefficientd is expected to be positive: a higher share of t@pital leads to faster

growth of productivity, either by raising ICT cagditintensity or through various external
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effects linked to ICT. By contrasy, could be either positive or negative.pfis positive, this
means that ICT diffusion slows down convergencey ifs negative, the total coefficient on
the lagged productivity levelg+ yICT ) is more negative in sectors where the ICT share i

high, indicating faster convergence.

The estimates (see Table 3) show a positive relstip between the share of ICT and
productivity growth: firms belonging to industrieghich are ICT-intensive have a
productivity growth rate which is significantly ligr on average than the other firms in the
same sector. The interaction term is positive aigghificant: a firm which has higher
productivity than the average for its sector grawsre rapidly if it belongs to an ICT-
intensive industry within that sector. Holding ti&T share constant at its mean level (12%),
the interaction term reduces the speed of convesgéry more than half for both labour
productivity (from -0.9 to -0.5) and TFP (from - -0.4). The considerable increase in the
speed of convergence by comparison with the madd&haple convergence, from -0.2 to -0.9
(see Table 1), shows that the increase in ICT sgitrcan explain an important part of the
recent slowdown in the speed of convergence: theharesm is productivity acceleration in
highly-productive firms belonging to ICT-intensiiredustries.

These results remain significant, although weakéen the ICT share and the interaction
term are entered alongside the other explanatanghbtas which are considered below (the
export share, the Lerner index and associatedaictien terms: see Annex 6). Holding all
three explanatory variables at their mean lev€lg, has the largest impact on convergence; it
reduces the speed of convergence by almost afthitzbth labour productivity and TFP.

In order to see whether this reduction in speeat@urring because of a relative increase
in growth amongst the leaders or a relative decaneongst the laggards, the following
eguation was estimated on each decile of the ptivityaistribution separately:

Ag, =Bq,,+0ICT,_+X, e+ Yy (6)
The ICT share has a significance and positive impagroductivity growth for firms which
belong to the most productive decile and a weaker iasignificant impact for the least
productive firms. This asymmetric impact is coremstwith a reduction in the speed of
convergence which is linked to ICT diffusion andiethmanifests itself as a relative increase

in the growth rate of leading firms.

®  Given that sector dummies are included, we dkintahere of the variation with respect to thetsemean

over the whole period.
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Globalisation

The rapid growth in new, emerging markets and thgles European market have led to
strong growth in exports: in France, the annuaiMjnorate of exports rose from 4.2% in the
1980s to 7.0% in the 1990s. What effect did thaehan productivity growth and which firms
benefited the most?

Some arguments suggest a positive impact of exgoon productivity growth: if there
are economies of scale at the firm level, or leayreffects resulting from the entry into new
markets:’ or again a cyclical effect resulting from the falat growth is faster in export
markets than in the domestic market, which enade®rting firms to operate at full capacity
while other firms have to cope with spare capacity.

A clear and positive relationship exists betwdenlevel of productivity and exporting at
the firm level. However, it has been establisheat this relationship is mainly a selection
effect (Clerides, Lack and Tybout, 1998; Bernard adensen, 1999): only the most productive
firms can take on the fixed costs which must beuiredd in entering a new market. The
existence of a learning effect is still the subjetdebate but recent work has confirmed it
(Baldwin and Gu, 2003; Lileeva and Trefler, 2007 ifmlustrial countries).

If these two effects (self-selection and learnygexporting) combine, this would help to
explain the stylised fact that the fall in the gpeé convergence is accompanied by a relative
increase in the productivity growth rate of leadfimms.

We therefore estimate equation (4) with the slodrexports in value added at the sector

level (NES 36) as thez, variable. The results (Table 5) show that there ipositive

relationship between measures of exporting andymtodty growth. Given that exporting is
largely confined to the most productive firms, tpissitive impact supports the intuition that
globalisation is slowing down the convergence psece

Given the correlation between exporting and tkellef productivity, it is hard to obtain a
significant coefficient on the interaction term, ialinis also difficult to instrument. The latter
variable tends to reduce slightly the speed of eagence: for firms with the mean rate of

exporting, the interaction term increases the acefit of convergence by 0.02 on a base of -

10 These effects do not necessarily apply when firoms advanced countries are entering emerging etsrk

However, some part of the increase in the growtth e&international trade stems from increasedetfaetween
advanced countries.
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0.19 for both labour productivity and TFR/hen the other determinants are included (see
Annex 6), the interaction term remains positive aigghificant. With the export share set at its
mean value, the effect on the speed of convergemceeaker than that of ICT, but
comparable to that of competition (see below).

The FIBEn database records the share of salesdtabthe firm level. These data are
relevant but may be endogendudie therefore used the mean rate of exporting tver
whole period by each firm and a dummy variablewben a firm had more than 25% of their

sales abroad. We are then able to estimate equdbamthout the interaction terrg,, ,z, ,,

decile by decile (see Table 6). We find a posiiimpact of the exporting variables on the
productivity growth rate of the leading firms. Bymtrast, the impact of the exporting

variables on the least productive firms is negafiies could be explained by the fact that the
productivity variables are measured as deviationsfthe sector (and year) means. The
exporting firms from the lowest productivity dealare found predominantly in sectors where
exporting is common, so exporting does not raigar tproductivity growth relative to the

average for their sector. In summary, these twectsfcombined, the positive impact on the
productivity growth of the leaders and the negatimpact on that of the least productive,

both work to reduce the speed of convergence.

Competition

Although the theoretical literature does not spedth one voice, several empirical studies
using British data (eg Nickell, 1996) have foundpasitive impact of competition on
productivity. However, we do not have aaypriori view on the effect of competition on
convergence.

We estimate equation (4) with the product of aneerindex and the productivity level as
the interaction term. A Lerner index is used astieasure of the intensity of competition (see
Box 4). When the index is high, competition is weak

The direct impact of the lagged Lerner index ocodpictivity growth is negative for labour
productivity (more competition increases produtyi\growth) but it is positive for TFP. This

finding is robust to the estimation method (GLSGMM), to the choice of sample (whole or

™ There are also doubts about the quality of thEebdata which may be badly reported (particulavith

regard to the distinction between not “availablatidzero”). To test the robustness of these restlits
estimates were also done for just exporters, vifitilar results.
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balanced) and to the use of different instrumentatrols (see Annex 4). By contrast, when

all the determinants of convergence used in thudystire included, the direct impact of t
Lerner index is no longer significant for labouog@uctivity when GMM is used (though
remains significant and of the same sign when GL.8sed) and for TFP it remains positi

though smaller.

Box 4

Measures of competition

Measuring competition leads to considerable diffies. First, the degree of competition
which a firm is subject is endogenous and depemndscown conduct: a particular strateq
choice (product differentiation, the threat posed dpare capacity) caex postreduce
competition. In addition, competition and marketusture are in a dynamic relationsh
fierce competition can lead to the survival of aamumber of very productive firms.

The measures based on just market structure @sidne Herfindahl index or mark

share) are both endogenous and subject to thegonobi distinguishing the market in whi¢

firms are operating (taking account of the inteoral dimension, and the difficulty ¢
matching a market to a statistical industry).

Measures based on profitability are preferredhis study as in Aghioret al (2005).
Under perfect competition profits should disappeHne existence of profit shows th
competition, potential or actual, is less than @etrivhether due to regulation, the nature
the market (natural monopoly) or because an inmavdtas conferred temporary monopc
power.

The Lerner index relates price to marginal cosiced® and marginal costs cannot
directly observed, so the Lerner index is approxédaby the ratio of revenues to avera
costs. Since the costs recorded in the firm’s agtsoulepend on its financial structu

average costs are calculated using the firm’s eséichcapital stock and its inventories.

the revenue side profits can be captured by thdaymes as well as by the shareholders,.

the absence of detailed knowledge of the qualiboat of the workforce which would allo
us to calculate the wage bill at market prices, thoices are open: (1) use value added w

would imply that the whole of wages is profit; &) (use operating surplus, which wou

he
it

ve

JIC

p:

et

—

at
of

y

D

be
ge
e,
On
In
N
hich
id

19



imply that all profit accrues to shareholders. Tiw® measures were tested and yielded
similar results, so we present here only the reddsed on operating surplus.
The Lerner index used in this study takes thewalhg form:

L RE-a(K +$)
it V

it

wherelL is the Lerner indeXREis the operating surplus (net of depreciatidh)s the capita
stock, S is the stocks of inventorie¥, is total sales andr is the average cost of capital
calculated from the whole sample (7.2% on average the whole period). An unweighted
mean for each of the NES 114 sectors (3-digit deisetalculated, since the regressions|are

themselves unweighted.

In other words, competitive pressure leads to amease in capital intensity, either by
more investment or by shedding labour, but doedezat to an improvement in technology or
innovation.

This finding is in conflict with those of Nickell1996) on British data. He tested the
impact of monopoly profit on TFP. But the profithtlyi measures used by Nickell were firm-
level and averaged over the sample period, notageer over the sector as here. The sector
mean is used here to avoid the problem of endogeatthe firm level. Sector-level data is
also available at quite a detailed scale (NES #&13+digit level). When we employ firm-level
measures of the Lerner index, we reproduce Nigkéliding. This shows that the dispersion
of the Lerner index is high within each sector.sTieans either on the one hand that there
are differences between the markets in which fimitein the same sector are operating, or
differences in product quality, or even geographdiierences, or on the other hand that
there are differences in profitability between frmoperating in the same market due to their
inherent capacities. In the first case, the Nickelbroach is the most relevant, in the second
the sectoral approach remains valid.

The coefficient on the interaction term is negatian increase in competition (a fall in the
Lerner index) reduces the speed of convergence. dffect is significant but small: for the
most competitive sectors (the first decile of therrer index), the speed of convergence is
reduced by 40% (after correcting for the interactierm £ is -0.10 rather than -0.18). When

all the determinants are included (see Annex @),itkeraction term remains significant and
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of the same sign. Setting the Lerner index at igmmvalue, the impact of competition on
convergence is weaker than that of ICT but comparabthat of exporting.

This finding receives support when the equatioesismated without the interaction term
and decile by decile (see Table 8), which throwsirdaresting light on how competition
works at the aggregate level. The intensity of cetitipn has a positive impact on the most
productive firms and a negative one on the laggéaisboth labour productivity and TFP.
This finding is robust to both the estimation mettamd to the choice of sample (see Annex
5). It can be understood by extending the modeAgiiion et al. (2005) which relates to
investment in R&D: competition reduces returns #md tends to make the laggards reduce
investment since the average profitability of thexter is lower, while the leaders are
motivated to invest and innovate in order to escawepetition.

According to these estimates, competition redummsvergence as well. Scharfstein’s
(1997) model suggests a theoretical explanationhisrrelationship: competition reduces the
incentives for the laggards and stimulates the yotdty of the leaders. In addition, the
intensity of competition also affects the entryteprocess and the reallocation of market
shares which are the other components of prodixtirpwth at the macro level. Of course,
the results presented here relate to growth withims and not to these two other components
which may also influence the link between compatitand productivity growth at the macro

level.

4. Conclusion

This study has tried to set out some stylised fabtsut and some possible explanations for
the convergence of productivity in France in th®d® There are limits to the conclusions
that can be reached on the basis of this studysel'helate to the difficulty in distinguishing
between convergence and the statistical phenomen@ygression to the mean, the impact of
firm demographics, and the possible endogeneitii@explanatory variables employed.
Several stylised facts have been set out in thidys Convergence of productivity exists,
which confirms earlier work on this topic, andststronger for labour productivity than for
TFP. In addition, convergence in labour producyiwitorks through catch-up by the least

productive firms and in TFP by a return to the mbegathe most productive.
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Focusing on changes in the 1990s, we observe m fabnvergence due to an increase in
the relative growth rate of the most productivenfitr Several possible explanations have been
suggested for this latter stylised fact. ICT mayehbeen of greater benefit to leading firms,
for example because of the higher qualificationthefr employees. The growth of exports as
a result of globalisation may also have benefitatling firms who are responsible for the
bulk of exports as a result of the fixed costs Whiave to be incurred in order to enter a
foreign market. Finally, if we accept the theoratiexplanation of our findings due to
Scharfstein (1988), the intensity of competitiorhiet increased in most sectors during the
1990s, especially in those exposed to internatic@mahpetition, tends to stimulate the
productivity of leading firms and to reduce theantives for convergence of the laggards.

Other possible explanations could no doubt be & The development of the
financial markets may have benefited the most ptael firms. Employment policy, and
particularly the reduction of social security cdmitions for employees paid at or near the
level of the SMIC (the minimum wage), may have fed certain amount of substitution of
labour for capital and of non-qualified for quaddi labour (Crépon and Desplatz, 2001). This
may have had a larger effect on the convergendheoieast productive firms given their
greater dependence on less well qualified labour.

Finally, in addition to casting light on convergenin productivity in the 1990s, another
contribution of this study is to show that the ne@monomic impact of some of the
determinants of productivity can be complex siricgaries with a firm’s relative productivity

level.
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Table 1

Model of simple convergence (equation (1))

Dependent variable A'log TFP Alog LP A'log TFP Alog LP
All All Balanced Balanced
Sample
Estimation method GMM GMM GMM GMM
Constant 0.0684*** 0.0246*** 0.0847*** 0.0298***
Lagged level of TFP/LP -0.184*** -0.203*** -0.182*** -0.226***
Number of observations 892,287 968,583 356,674 429,357
Sargan-Hansen tegi-¢alue) 0.502 0.730 0.0819 0.154

* p<0.05, ** p<0.01, *** p<0.001.

Note Estimation period: 1992-2004. TFP: total factordurctivity; LP: labour productivity

(deviations from sector-year means). Equation étijrated with dummy variables for year,
sector (NES 36), and region. Instruments for tivellef lagged productivity: first difference

of productivity (lagged twice) and age of firm. TReests for significance of the instruments
in the first-stage regressions are strongly sigaift; the estimates are robust to the use of
different instruments (eg change in lags or in ekgbare, at firm level) and of a different
estimation method (GLS, with an upward bias ineékgmate off); the Sargan-Hansen tests
for over-identification of the instruments do neject the null hypothesis that the model is

correctly specified.

Source

FiBEn, Banque de France.
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Table 2

Model of convergence by decile (equation (3))

Dependent variable AlogLP | AlogLP
Estimation method GLS GMM
Decile 1 (lowest productivity) | “0-177"" | -0.199™
Decile 2 -0.137*** | -0.226***
Decile 3 -0.126*** | -0.152*
Decile 4 -0.130*** | -0.333***
Decile 5 -0.150*** | -0.185
Decile 6 -0.140*** 0.0849
Decile 7 -0.0562*** | 0.0567
Decile 8 -0.0678*** | -0.239***
Decile 9 -0.0706*** | -0.135***
Decile 10 (highest productivity] 0-0697"| -0.202**
Number of observations 1,185,554| 790,633
N 0.0491
Sargan-Hansen tegi-yalue) 0.121

* p<0.05, ** p<0.01, *** p<0.001

Note Estimation period: 1992-2004. TFP: total factondarctivity; LP: labour productivity
(deviations from sector-year means). Equation §8rated with dummy variables for year,
sector (NES36), and region. Instruments for theradtion terms (decile dummies x lagged
productivity): second lag of these variables istfaifferences and age of firm. Instrumenting
these variables is difficult: as the results ugBigS have a known bias (they are higher than
the true value), they may be considered more felitdy assessing the relative value of the
coefficients. The Sargan-Hansen tests for overtifiegtion of the instruments do not suggest
rejection of the null hypothesis that the modetasrectly specified. The Wald test tends to
reject the null hypothesis that the coefficientstiee 10 deciles are equal in equation (3).

Source FiBEn, Banque de France.
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Table 3

Model of convergence incorporating ICT (equation (3

Dependent variable Alog TFP| Alog LP
Constant 0.231*** | 0.118**

Lagged productivity level -0.708™* | -0.876™
Lagged share of ICT 0.0426*** | 0.0820***
ICT share x lagged 2.752%% | 3.430%
productivity

Number of observations 583,786 | 519,107
Sargan-Hansen tegi-yalue) 0.983 0.432

* p<0.05, ** p<0.01, *** p<0.001.

Note Estimation period: 1992-2004. TFP: total factondarctivity; LP: labour productivity
(deviations from sector-year means). Equation $#ijmated with dummy variables for year,
sector (NES36), and region. Estimation is by GMEing the method developed by Arellano
and Bover (1995). Instruments for the lagged lefgbroductivity and the interaction term:
second lag and third lag of the first differencéshese variables. The tests for significance
of the instruments in the first-stage regressiarshighly significant; the estimates are robust
to the use of different instruments (eg age of $iyand different estimation methods (GLS,
with an upward bias in the estimatef)f; the Sargan-Hansen tests for over-identificatbn
the instruments do not reject the null hypothdsas the model is correctly specified.

Source

FIBEn, Banque de France.
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Table 4

Coefficients on ICT, by decile (equation (5))

Dependent variable AlogLP | AlogLP | Alog TFP| Alog TFP
Estimation method GLS GMM GLS GMM
Decile 1 (lowest productivity) 0.0134 0.0153 | 0.0486** 0.0862
Decile 2 -0.00442 | -0.00175| 0.00225 0.0590
Decile3 -0.00401 | -0.00659*| 0.00383 0.0114
Decile4 0.00133 | 0.00351 | 0.00131 0.0411
Decile5 0.00104 | 0.000279| 0.00112 | 0.0625*
Decile6 0.00139 | 0.00117 | 0.00354 0.0385
Decile7 0.00409 | 0.00617* | 0.00260 | 0.108**
Deciles 0.00527 | 0.00418 | 0.00472 | 0.107**
Decile9 0.0109* 0.00709 | -0.000318| 0.120***
Decile10 (highest productivity)] 0-0420™ | 0.0734* | 0.0548%* | 0.162

* p<0.05, ** p<0.01, *** p<0.001

Note Estimation period: 1992-2004. TFP: total factondarctivity; LP: labour productivity

(deviations from sector-year means). Estimationbys GMM and GLS on each decile
separately, with dummy variables for year, secMiE$36), and region. Instruments for the
lagged level of productivity: first difference ofgauctivity, lagged twice, and age of firm.
The F tests for significance of the instruments in thestfstage regressions are highly
significant; the Sargan-Hansen tests for over-ifieation of the instruments do not reject the

null hypothesis that the model is correctly spedfi

Source

FiBEn, Banque de France.

26




Table 5

Model of convergence incorporating export share (agption (4))

Dependent variable AlogLP | AlogLP | Alog TFP | A log TFP
Estimation method GLS GMM GLS GMM
Constant -0.037*** | -0.033*** 0.002 0.0531***
Lagged productivity level -0.102*** | -0.188*** | -0.0577*** | -0.187***
Lagged export share (NES36) | 0.163*** | 0.157*** | 0.0688*** | 0.0604***
Interaction export share x 0.00566%* | 0.0493** |0.00376***| 0.0350**
productivity

Number of observations 1,170,870| 633,077 | 1,062,235| 713,678
R2 0.04 0.03
Sargan-Hansen tegi-yalue) 0.00 0.111

* p<0.1,** p<0.05, *** p<0.01

Note Estimation period: 1992-2004. TFP: total factondarctivity; LP: labour productivity
(deviations from sector-year means). Equation $&ijmated with dummy variables for year,
sector (NES36), and region. Estimation is by GL8 @MM, using the method developed by
Arellano and Bover (1995). Instruments for the kdiglevel of productivity and the
interaction terms: second lag (third for labourdarativity) of productivity and of the first
difference of the interaction term and age of firithe F tests for significance of the
instruments in the first-stage regressions arelyigiignificant; the estimates are robust to the
use of different instruments (eg change in the remdb lags); the Sargan-Hansen tests for
over-identification of the instruments reject thellrhypothesis that the model is correctly

specified in the case of labour productivity.

Source

FiBEn, Banque de France.
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Table 6

Coefficients on export variables, by decile

Decile10 (highest productivity)

Dependent variable Alog LP A'log LP Alog TFP | Alog TFP
Export sharg Dummy | Export sharg Dummy
Export variables variable for variable for
exporter exporter
Decile 1 (lowest productivity) -0.0716*** | -0.0289*** | -0.0593*** |-0.0277***
Decile 2 -0.00516** | -0.00189** | -0.00803*** | -0.00251**
Decile 3 0.00192 0.000494 | -0.00472*** | -0.00155*
Decile 4 0.00175* 0.000486 | -0.000708 | -0.000586
Decile 5 0.00252*** | 0.000846* | -0.00198* | -0.000564
Decile 6 0.00166* | 0.000969** | 0.00055 | 0.0000212
Decile 7 0.00224** | 0.000394 | -0.000511 | -0.000374
Decile 8 0.00440*** | 0.00178*** | 0.000546 | 0.0000935
Decile 9 0.0108*** | 0.00452*** | 0.00516** | 0.00176
0.0510*** | 0.0225*** | 0.0719*** | 0.0281***

* p<0.05, ** p<0.01, *** p<0.001

Note Estimation period: 1992-2004. TFP: total factondarctivity; LP: labour productivity

(deviations from sector-year means). Dummy varidbteexporter: = 1 if exports more than
25% of sales. Estimation is by GMM on each decodpasately, with dummy variables for
year, sector (NES36), and region. Instruments far lagged level of productivity: first
difference of productivity, lagged twice, and addion. The F tests for significance of the
instruments in the first-stage regressions areligignificant; the Sargan-Hansen tests for
over-identification of the instruments do not réjéice null hypothesis that the model is

correctly specified.

Source

FiBEn, Banque de France.
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Table 7

Convergence model with competition (equation (4))

Dependent variable AlogLP | AlogLP | Alog TFP | Alog TFP
Constant 0.00838** | 0.0177*** | 0.0965*** | 0.0323***
Lagged productivity level -0.217*** | -0.214*** | -0.191*** | -0.180***
Lerner index -0.278*** | -0.139*** | 0.668*** | 0.0915***
Lﬁféﬁg:\?&‘y Lererindex x| ; gogwes | .1,059%+ | 2,002+ | 1,051 %
Sector dummies YES NO YES NO
Number of observations 780,444 | 780,444 | 714,616 | 714,616
Sargan-Hansen tegi-yalue) 0.379 0.273 0.75 0.841

* p<0.05, ** p<0.01, *** p<0.001

Note Estimation period: 1992-2004. TFP: total factondarctivity; LP: labour productivity
(deviations from sector-year means). Equation #ijrated with dummy variables for year,
sector (NES36), and region. Estimation is by GMEing the method developed by Arellano
and Bover (1995). Instruments: for the lagged lesklproductivity, second lag of first
difference of productivity; for the interaction tey age of firm. Thd- tests for significance of
the instruments in the first-stage regressionshagely significant; the estimates are robust to
the use of different instruments (lagged changexport share, at firm level) and of a
different estimation method (GLS, with an upwardsbin the estimate d@); the Sargan-
Hansen tests for over-identification of the insteums do not reject the null hypothesis that
the model is correctly specified.

Source FiBEN, Banque de France.
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Table 8
Coefficient on Lerner index, by decile

Dependent variable AlogLP| AlogLP | Alog TFP | Alog TFP
Estimation method GLS GMM GLS GMM
Decile 1 (lowest productivity) 0.442*%*| 0.413*** | 0.265** | 0.831***
Decile 2 -0.00664| -0.0184 | 0.151*** | 0.187***
Decile 3 -0.0108 | -0.00919 | 0.0513** | 0.0871***
Decile 4 -0.00206/ -0.00776 | 0.0280* | 0.0186
Decile 5 -0.00204| 0.00662 | 0.0177 0.0181
Decile 6 0.0115 | 0.00893 0.0170 0.0266*
Decile 7 0.00948| -0.000324| 0.0140 0.0120
Decile 8 -0.0155| -0.0195 | 0.00877 | -0.0151
Decile 9 -0.00731] -0.0135 0.0154 0.0197
Decile 10 (highest productivity) -0.112* | -0.305*** -0.111 | -0.201***

* p<0.05, ** p<0.01, *** p<0.001

Note Estimation period: 1992-2004. TFP: total factondarctivity; LP: labour productivity
(deviations from sector-year means). EstimatiohyissMM on each decile separately, with
dummy variables for year, sector (NES36), and megiostruments for the lagged level of
productivity: first difference of productivity, lagd twice, and age of firm. THe tests for
significance of the instruments in the first-staggressions are highly significant; the Sargan-
Hansen tests for over-identification of the insteums do not reject the null hypothesis that

the model is correctly specified.

Source FiBEn, Banque de France.
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Chart 1
Changes in productivity dispersion, 1991-2004

A —Whole sample B —Balanced sampl
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Note The standard deviation of the log of labour prdiity (deviation from sector-year
means) changed from 0.54 in 1991 to 0.58 in 2004.

Chart Il

Changes in speed of convergence, 1992-2004

A- Labour productivity Years B-TFP Years
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Note Estimation year by year of equation (1). The speé&dconvergence of labour

productivity estimated by OLS changed from 0.20992 to 0.15 in 2004. Taking account of
the standard error of the convergence coefficiem@sdnot change the conclusion that the
speed of convergence has fallen.
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Chart Ill

Changes in convergence over time and across deciles

A- Labour productivity
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Note year-by-year estimation of equation (2). Thereated coefficients correspond to the
difference between the mean growth rate of thedimmthekth decile and that of the firms in

the 10" decile. The growth rate of TFP of the firms in first decile is 12 % higher than that
of firms in the 18 decile in 1992 and 8 % higher in 2004.
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Annex 1

Model of simple convergence (equation (1))

Dependent variable A®log TFP| A®log LP | A®log TFP| A®log LP
Sample All All Balanced | Balanced
Estimation method GMM GMM GMM GMM
Constant 0.345*** | 0.0751*** | 0.345*** 0
TFP/LP level lagged 5 years | -0.684*** | -0.679*** | -0.687*** | -0.688***
Number of observations 130.800 | 139,768 | 108,270 | 115,075
Sargan-Hansen tegi-yalue) 0.156 0.581 0.170 0.187

* p<0.05, ** p<0.01, *** p<0.001

Note Estimation period: 1992-2004. TFP: total factondarctivity; LP: labour productivity
(deviations from sector-year means). Equation élijated with dummy variables for year,
sector (NES36), and region. Instruments for thgeaglevel of productivity: first difference
of productivity, lagged twice, and age of firm. TReests for significance of the instruments
in the first-stage regressions are strongly sigaift; the estimates are robust to the use of
different instruments (eg lagged change in exphbdres at firm level) and of a different
estimation method (GLS, with an upward bias ineékgmate off); the Sargan-Hansen tests
for over-identification of the instruments do neject the null hypothesis that the model is

correctly specified.

Source FiBEn, Banque de France.
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Annex 2
Transition matrix: proportion of firms which move f rom one decile to another in one year
A — Labour productivity

Productivity decile in yeart-1

Decile (%) | 1 2 3 4 5 6 7 8 9 10

1 62 20 7 4 1 1 1 1

- 2 21 40 21 9 1 1 1 0
3] 3 7 23 31 20 2 1 1 0
£ 4 4 10 22 28 20 10 4 2 1 0
o 5 2 5 11 21 27 19 9 4 1 1
> 6 2 3 5 11 21 28 20 8 3 1
= 7 1 1 3 5 10 22 31 20 6 1
g 8 1 1 1 2 22 37 19 3
o 9 1 1 1 1 7 22 48 15
10 1 0 0 0 4 18 74

Note Each cell X, y) shows the proportion of firms which are in degil|e yeart-1 and in decilg in yeart. For example, 21% of firms which

were in the first decile in yearl are in the ? decile in the following year. If firms never mov&om their original decile, all the diagonal

entries would be 100. Deciles are ranked from dlastl productive (1) to the most productive (10)sTransition matrix is estimated on annual
data for the whole period 1991-2004. Rows and cakimay not sum to 100 due to rounding.

Source FiBEn, Banque de France
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Transition matrix: proportion of firms which move f rom one decile to another in one year (continued)
B — Total factor productivity

Productivity decile in yeart-1

Decile (%) 1 2 3 4 5 6 7 8 9 10

1 82 14 2 1 0 0 0 0 0

. 2 14 58 20 4 1 0 0 0 0
3 3 2 21 45 21 2 1 1 0 0
= 4 1 5 22 38 21 7 3 1 1 0
o 5 0 2 7 23 34 21 8 3 1 1
> 6 0 1 3 9 23 33 21 8 3 1
= 7 0 1 1 3 9 23 34 21 7 1
g 8 0 0 1 2 4 9 23 37 20 4
= 9 0 0 0 1 1 23 47 16
10 0 0 0 0 1 5 20 71

Note Each cell X, y) shows the proportion of firms which are in degil@ yeart-1 and in decilg/ in yeart. For example, 14% of firms which

were in the first decile in yedrl are in the # decile in the following year. If firms never mov&om their original decile, all the diagonal

entries would be 100. Deciles are ranked from dlastl productive (1) to the most productive (10)sTransition matrix is estimated on annual
data for the whole period 1991-2004. Rows and cakimay not sum to 100 due to rounding.

Source FiBENn, Banque de France.
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Annex 3

Model of convergence with U.S. sectoral ICT shareeuation (4))

Dependent variable Alog LP | Alog TFP
Constant -0.184* | 0.264***

Lagged productivity level -0.881™* | -0.806™**
ICT share 0.248*** | 0.120***

Interaction term 2.453** | 2.127***

Number of observations 300,674 | 584,608
Sargan-Hansen tegi-yalue) 0.0742 0.65

* p<0.05, ** p<0.01, *** p<0.001

Note Estimation period: 1992-2004. TFP: total factondarctivity; LP: labour productivity
(deviations from sector-year means). Equation $&ijrated with dummy variables for year,
sector (NES36), and region. Estimation is by GMEing the method developed by Arellano
and Bover (1995). Instruments for the lagged l@fgbroductivity and interaction term: first
difference of productivity and interaction termgdged twice and three times. TRetests for
significance of the instruments in the first-staggressions are highly significant; the
estimates are robust to the use of different instnis (eg different lags) and of a different
estimation method (GLS, with an upward bias inékBmate of3); the Sargan-Hansen tests
for over-identification of the instruments do neject the null hypothesis that the model is

correctly specified.

Source

FiBEn, Banque de France.
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Annex 4

Model of convergence with competition — balanced s#ple (equation (4))

Dependent variable Alog LP Alog LP Alog TFP | Alog TFP
Constant 0.0243** | 0.0278** | 0.0986*** | 0.0434**
Lagged productivity level _0.249% -0.246%+ _0.21 7% -0.205%
Lerner index 101955 | -0.130%* | 0.480** | -0.0956**
Interaction Lerner-productivity _3.118%+ _3.041% _3.025 % -2 9OGr
Sectoral dummies YES NO YES NO
Number of observations 380,267 380,267 356,674 356,674
Sargan-Hansen tegi-yalue) 0.367 0.245 0.578 0.305

* p<0.05, ** p<0.01, *** p<0.001

Note Estimation period: 1992-2004. TFP: total factoodurctivity; LP: labour productivity
(deviations from sector-year means). Equation @jnated with dummy variables for year,
sector (NES36), and region. Estimation is by GMMing the method developed by Arellano
and Bover (1995). Instruments for the lagged lesfeproductivity and interaction term: first
difference of productivity and interactions termgdied twice, and change in firm export, lagged
twice. TheF tests for significance of the instruments in thetfstage regressions are highly
significant; the estimates are robust to the usdiftdrent instruments (eg age of firms) and of a
different estimation method (GLS, with an upwardsbin the estimate @); the Sargan-Hansen
tests for over-identification of the instrumentsrdu reject the null hypothesis that the model is

correctly specified.

Source

FiBEn, Banque de France.
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Annex 5

Lerner index coefficient, by decile (balanced samp)

Decile 10 (highest productivity

Dependent variable AlogLP | AlogLP | Alog TFP | Alog TFP
Estimation method GLS GMM GLS GMM
Decile 1 (lowest productivity) | 0-442"" | 0.413™ | 0.265™* | 0.831**
Decile 2 -0.00664 | -0.0184 | 0.151*** | 0.187***
Decile 3 -0.0108 | -0.00919 | 0.0513** | 0.0871***
Decile 4 -0.00206 | -0.00776 | 0.0280* 0.0186
Decile 5 -0.00204 | 0.00662 0.0177 0.0181
Decile 6 0.0115 0.00893 0.0170 0.0266*
Decile 7 0.00948 | -0.000324| 0.0140 0.0120
Decile 8 -0.0155 -0.0195 | 0.00877 | -0.0151
Decile 9 -0.00731 | -0.0135 0.0154 0.0197
0.112% | -0.305%* | -0.111 | -0.201%**

* p<0.05, ** p<0.01, *** p<0.001

Note Estimation period: 1992-2004. TFP: total factoodrctivity;

model is correctly specified.

Source

FiBEn, Banque de France.
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LP: labour productivity
(deviations from sector-year means). Estimatidoyi$sMM and GLS on each decile separately,
with dummy variables for year, sector (NES36), aegion. Instruments for the lagged level of
productivity: first difference of productivity, lagd twice, and age of firm. The tests for
significance of the instruments in the first-staggressions are highly significant; the Sargan-
Hansen tests for over-identification of the instamts do not reject the null hypothesis that the




Annex 6

Model of convergence with all determinants includedequation (4))

Dependent variable Alog TFP | Alog TFP| AlogLP | AlogLP
Estimation method GLS GMM GLS GMM
Constant 0.150*** | 0.208** | -0.0362 | -0.0337
Lagged productivity level -0.0758*** | -0.333*** | -0.118*** | -0.367***
ICT share (lagged) 0.0499*** | 0.0405*** | 0.0282*** | 0.0294***
ICT x lagged productivity 0.0556*** | 0.833*** | 0.108*** | 0.950***
Export share NES36 lagged 0.101*** | 0.0809*** | 0.151*** | 0.142***
Export share x productivity 0.0107*** | 0.0613*** | 0.00322 | 0.0399**
Lerner index 0.388*** | 0.274** | -0.201** | 0.00708
Lerner x lagged productivity -0.448*** | -3.263*** | -0.419*** | -3.469***
Number of observations 870,500 | 584,608 | 963,455 | 640,606
R2 0.03 0.04
Sargan-Hansen tegi-yalue) 0.892 0.340

* p<0.05, ** p<0.01, *** p<0.001

Note Estimation period: 1992-2004. TFP: total factoodurctivity; LP: labour productivity
(deviations from sector-year means). Equation @jnated with dummy variables for year,
sector (NES36), and region. Estimation is by GL8 &MM, using the method developed by
Arellano and Bover (1995). Instruments for the kdjdevel of productivity and the interaction
terms: lags of first differences and lagged changée share of exports in turnover. Theests

for significance of the instruments in the firskge regressions are highly significant; the
estimates are robust to the use of different insénts (eg age of firm); the Sargan-Hansen tests
for over-identification of the instruments do nefject the null hypothesis that the model is

correctly specified.

Source

FiBEn, Banque de France.
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