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Abstract
Production frontiers for the manufacturing sectmr astimated to determine a “country specific” hatg-up
process of Total Factor Productivity (TFP).TFP gamme gauged at the manufacturing industry levellfo
OECD countries over the 1970-2001 period. Our TKERsure does not assume technical or allocativeiarftiy
which are inherent drawbacks of usual TFP indi#és.show that catching-up processes can be vergrdift
between sub-periods and across countries. A sigmificatching-up process was at work in the martwufiag
sector between 1970 and 1986 then it overturned ihee period 1987-2001. During the first sub-peritite
speed of technological catching-up of the euro-zooantries is definitely higher than those of thibeo
European or OECD nations whereas the divergen@asnntsecond sub-period has the same order of toaigni

among the three groups.

JEL classification: O33; 040; 047
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1. Introduction

The productivity catching-up hypothesis put forth Abramovitz (1986) has been recently
investigated at the disaggregated level of indestiy testing for convergence in Total Factor
Productivity (TFP) within sectors across countrieBhese studies lead to the same major
finding that services are driving the aggregateveagence result while tradable sectors as
manufacturing showed non significant catching-upcpss (see for instance Bernard and
Jones, 1996a, 1996b; Hansson and Henrekson, 1997).
While these studies take explicitly into accourd gotential differences between industries in
the technological catching-up process, they sudffan one main drawback. The technology
level is either computed as a Solow-residual indicaf technology or as a traditional

Tornquist index. These choices may then alter as lihe subsequent evaluation of the

! In this study, we follow Abramowitz's distinctidretween catch-up and convergence. Catch-up isetbfis
the narrowing of the productivity gap compared hie teading country, whereas the convergence hypisthe
assumes that the productivity gaps narrow amongptlwver countries as well.



catching-up mechanism because they assumes telchsiell as allocative efficiencies for
each country.

A detailed analysis of the comparative productipgrformance at sectoral level, and more
precisely in the manufacturing sector, is a good wa better understand the mechanism
behind the catch-up and convergence process fadieomy as a whole. The manufacturing
sector plays an important role in the earlier sfagfeeconomic growth due to its increasing
share of the sector in total production and emplkayn and its relatively fast rise in
productivity). But it also plays an important rale the later stages when manufacturing
becomes less important in relative terms, as isguty true for most OECD countries, due to
its role of new technology generator and to the@sased spill-over effects to other sectors.
Due to the major impact of manufacturing sectorgoowth, we propose to re-examine the
productivity catching-up mechanism across the ladindustrial countries in the
manufacturing sector by using an empirical stratedych avoids the above-mentioned
drawback. The central point of this methodologysists in using a TFP index to determine a
parametric-stochastic world production frontier @ECD countries with data spanning the
period 1970-2001. We then evaluate the convergendbe estimated technical levels by
testing whether technologically laggards start #&hiag-up process by adopting more

advanced production technology from the more effitcountrie$

Compared to usual studies on technological adoptoa main methodological contribution
of our research is to develop a panel data proeethat enables to estimate individual
specific processes concerning direction and madeitf TFP convergence within a set or a

sub-set of countries.

Empirical results partly confirm previous findintfsat no (or even a slow) catching-up effect
is at work in the manufacturing sector. However, @sults strongly mitigate this finding by
showing that the catching-up process is not unifowar time and among different groups of
countries. More precisely, while there is strongderice for technological spreading across
OECD and other European nations over the 1970-p@8@d, this process of technological
adoption appears to be reversed during the follgwifteen years. While within the euro-
zone country group, it was more significant anaagdrout over a longer period (1970-1997).

2 As the analysis is restricted to the case of talm®ECD countries, the assumption of technologidlision
appears to be valid since each country in the datais characterised by rather similar level ofcfab
capabilities” and catch-up potential.



The paper is organised as follows. Section 2 laystlee basic framework by providing the
catching-up model and the measures of TFP gapsebatwountries. Section 3 reports the

empirical results and Section 4 concludes

2. Production Frontier and Total Factor Productivity Convergence

Since the end of the eighties, many empirical ssiflocusing on international comparison of
Total Factor Productivity (TFP) have revealed tthiffierences in technology may contribute
to gaps in TFP levelsAs TFP is an empirical measure of technology, dbwecept of TFP-
convergence investigates whether countries are w@bleatch-up in terms of the highest
observed TFP levels and how income convergencendspen both TFP growth rates and
initial TFP levels. In the same way, we developa#clting-up model based on TFP gaps
measured as distances between national produdaos o a production frontier constructed
for the OECD countries.

2.1. TFP catching-up model

Our catching-up model assumes that relative growatis of productivity in an industry are
determined by specific country catching-up factditse TFP growth rate of countryat timet

is supposed to be generated by both the laggedhdky gap between the desired and
observed level of productivity and the common rafetechnical change that shifts the

production frontier simultaneously for all coungrie

d

In(qn)—ln(qn-l):Ai.ln{g“}gt (1)
it-1

where qi‘tj is the desired level of TFP for counirgndg; the technical progresd time t. We

postulate that this desired level of TFP may besicmred as the leader’s productiviy:.
located on the production frontier

According to Abramovitz’'s (1986) concept of «soatalpabilities», countries may differ in
their ability to recognise, incorporate and useilalsle technology. In an attempt to
incorporate this concept in the model at hand, ssume that the speed of the catching-up

process\; is specific for each counttyObviously, the concept of «social capabilitiesaym

% See Islam (2001) for a review on different apphescto international comparisons of TFP and theeissf
convergence

“ In that way, productive inefficiency for each ctryncan be incorporated in our catching-up modél fgoint
2.2).



encompass many economic factors such as the irsmtiéili framework, the level of education,
the organisation of firms, international opennemsd adjustment costs, so that no single
economic variable may adequately measure counaflghty to adopt the technology gap. As
suggested by Hultberg et al. (1999), country-speaffects from the production frontier
equation should capture country heterogeneity dusotial capabilities to adopt available
technology.

Equation (1) is rewritten as :
In(,) =In(d) = ~A -In(q‘”] +g (@
Lt-1
Finally subtracting equation (2) from equation obguctivity dynamics for leading country
L, we obtain:

In(; ) —In(G;—,) = —A 'In(ait—l) (3
where a tilde indicates a ratio of TFP level inmipyi to the same variable in the leading
country.
Considering the relationship between long-run gherates across countries, the difference

equation (3) can be solved to yield:

In(Giy ) ;In(ﬁio) =5 (4)
In(Gio)

with & =-{1-@-4)7).
2.2. TFP growth decomposition
Total Factor Productivity indices are usually usecompare production technologies at the
aggregate level as well as the sector levels. Hew#wese indices measure both technical
change and efficiency change. While technical chasyifts the production frontier,
efficiency change measures the movement of proaluttiwards the efficient frontier that can
be constructed as the benchmark for all countriéee sample
The frontier nature of the production function ames a link between maximal potential
output quantities and input quantities. This liskable to capture any productive inefficiency

and offers a “benchmarking” perspective. For inséaran economy’s performance can be



evaluated with respect to both its past experi@mmkthe best practices established by other
countries.
The production technology of a given sector (mactuidgng in this study) is represented by

the production frontier:

Yie = 90%1) (5)
where yft is potential output of this sector in countrgt timet (i =1---1, t=1.--T ), X, IS
thek-dimension vector of inputs ands time.

The effective level of output of country | at timgy, , ) is then assumed to be given by :

Vi = Vi B =g(x.t) " (6)
where e"* lies in the interval [0 , 1] and measures thécigfficy score associated with the
effective level of outputy;, produced with inputs; .
Differentiating equation 6 with respect to timenHeads to
%f=m%%+m+%$ ™
where g, is the elasticity of output with respect to in@utd g, is the elasticity of output

with respect to time which is assumed to be comtoall countries.
According to equation (7) production growth inclsdéree distinct components: changes in

input quantities weighted by their respective atigt (gx(dxit/xit)), the shift of the
production frontier over time due to the effect tethnical change d;) and changes in
productive efficiency @u, /dt).

Total factor productivity gainédq/ q) are then defined as the amount of output growth not

attributable to input quantities variations and barevaluated as the sum of the technical

change effect and of the efficiency change effect:

dqg duy
—_1 e + 8
( q jit Oi at (8)

With a Cobb-Douglas production frontier specifioati equation (6) may be rewritten as:

n(y)= a+X 4 n(X9)+ptee, (@

® For a unified discussion of efficiency and prodkity from a production frontier approach and its
methodological advantages, the reader can conselt,.ovell and Schmidt (1993).



where x; = (xiﬁl),---,xi(tK)) and &, =u, +Vv, whereu,, is the efficiency effect and;, an
usual iid noise process with zero mean and cohstarance.
The Time Varying Effect method proposed by Cornwgtthmidt and Sickles (1990) is then

used to estimate separately the two components, ofhis method allows the inefficiency

component to vary over time by assuming that tfieiehcy effectu, may be expressed as a
quadratic function of time with country-fixed eftsc

u = 87 +4%+ g%t*+y  (10)
Where 8@ is a country-fixed effect,d®” and 6@ are the country-specific parameters

measuring efficiency change over time.

Equations (9) added up equation (10) can then henaed with a generalised within

procedure under the two following constraitsg® =0 and > 6% =0 so as to avoid
i i

i
“perfect multi-co-linearity.
With such a specification, the initial TFP leveldais growth rate are estimated as a panel
data model including both a set of national dumngtescontrol for the inevitable country
heterogeneity due to political and social instdn§ and to capture some of the Abramovitz
ideas of social capabilities) and a set of tempeaaiables to control for technology adoption
fluctuations specific to each country).
Productive efficiency levels can be computed as

e =€ (12)

where G, = 49 +4%+ §2t? and u™ is the value of the efficiency effect in the leade

country that is located on the production fronsietimet.
By differentiating equation 10 with respect to tinetal factor productivity growth may be
rewritten as a linear function of time summing t@chl change and efficiency change

components:

(%) - pearzgn oo
it

The log of Total Factor Productivity can then be tentas:

In(q,)= §°+(y+4“ )t+ g2 +y, (13)
from equation (10), the technological gaps in teah3FP levels between countryand the
leading country at tim& andO are measured as follows:



In(G,) = (@ -4 +(@Y-4N)T+(§?-4?)T?attimeT  (14a)
and

In(G,) = (6° -6°) attime 0 (14b)

whered, ,,6,.1,6, , are estimated coefficients for the leader at tifneand 6_, the

logarithmic of the leader’s estimated TFP at tiine

From equations 4, 14a and 14b, we getnd finally an indirect estimate of as:

29 — g0\ (g0 — g® so_pe) 2]

(42 -a0) (" -ay)T+("-a7)T
)

A positive speedji > 0) is consistent with the catching-up hypothesislevainegative speed

A=1-|1+ (15)

reveals productivity divergence.

3. Empirical results

The sample used in this study consists of annual foa fourteen OECD countries : Australia
(1), Belgium (2), Canada (3), Denmark (4), Finlgby, France (6), Germany (7), Italy (8),
Japan (9), Netherlands (10), Norway (11), Swede, (dnited Kingdom (13), United States
(14). The data span the 1970-2001 interval and wbtained from the International Sectoral
Data Bank (ISDB) and the OECD STAN database foustidal Analysis. It comprises value
added expressed in international prices (base ¥880), labour input measured by total
employment and capital stock, expressed in intemnal prices (base year 1990). We focus on

the total manufacturing sector.

3.1. Production frontier regression and TFP growth
The Time Varying Effect method consists in estimgtiEquation (9) and the two components

of &, thanks to a one step generalised within proce(tfre?.2). The results of production

frontier regression under constant returns to degbpethesis are reported in Table 1.

Only seven out of the thirty six coefficients arenrsignificant at the 5% confidence level.

The output/input elasticities for labour and cdpat@ respectively 0.83 and 0.17. Averages of
TFP growth rates estimated with equation (12) fachecountry and for several country

groups are presented in Table 2. On average, TéWtigrates are mainly explained by the

common technical progress component (2.4%). Theéedrfstates appears to be the leading



country throughout the period and Finland has tlghdst growth rate of TFP with an
efficiency change close to 1.7% per year. The euroency zone obtains the best progression
of TFP and the highest relative efficiency levels.

Table 1: Production Frontier Regressions

Estimated values of the coefficients

Countryi 0'+9i(0) (t-stat) y+ gi(l) (t-stat) 3i(2) (t-stat)
1 8.24E+00 (19.07) 1.95E-02 (6.21) -5.40E-05 (-0.62)
2 7.99E+00 (18.62) 5.71E-02 (16.13) -7.82E-04 (-9.00)
3 8.43E+00 (19.20) 4.25E-03 (1.35) 3.82E-04 (4.29)
4 8.03E+00 (18.71) 2.75E-02 (8.73) -4.08E-04 (-4.68)
5 7.88E+00 (17.86) 1.45E-02 (4.19) 8.66E-04 (9.75)
6 8.38E+00 (19.22) 2.02E-02 (6.10) 1.25E-04 (1.43)
7 8.41E+00 (19.51) 2.13E-02 (6.89) -1.99E-04 (-2.27)
8 7.95E+00 (18.27) 4.82E-02 (15.06) -5.39E-04 (-6.21)
9 8.09E+00 (19.73) 3.64E-02 (8.83) -3.47E-04 (-3.75)
10 8.27E+00 (18.83) 3.61E-02 (10.55) -3.70E-04 (-4.23)
11 8.16E+00 (18.80) 6.65E-03 (1.73) 8.30E-05 (0.86)
12 8.15E+00 (18.86) -2.88E-03 (-0.98) 1.06E-03 (11.99)
13 8.09E+00 (19.17) 1.63E-02 (4.39) 2.69E-04 (2.91)
14 8.73E+00 (19.57) -5.10E-03 (-1.59) 9.50E-04 (10.85)

Estimated values of the output/input elasticity
B 8.34E-01  (20.59)

Table 2: TFP growth rates and Efficiency Levels

TFP Efficiency Technical Efficiency

Country | and Zone Change Progress levels

AUS 1.78% -0.66% 2.44% 66.64%
BEL 3.28% 0.85% 2.44% 70.16%
CAN 1.61% -0.82% 2.44% 73.84%
DNK 1.49% -0.95% 2.44% 55.58%
FIN 4.13% 1.70% 2.44% 53.82%
FRA 2.40% -0.03% 2.44% 80.42%
WGR 1.51% -0.92% 2.44% 78.57%
ITA 3.15% 0.71% 2.44% 63.59%
JPN 2.56% 0.12% 2.44% 66.31%
NLD 2.46% 0.03% 2.44% 79.08%
NOR 0.92% -1.51% 2.44% 54.92%
SWE 3.00% 0.56% 2.44% 58.83%
GBR 2.46% 0.03% 2.44% 59.37%
USA 2.44% 0.00% 2.44% 100.00%
Euro zone 2.82% 0.39% 2.44% 70.94%
European countries 2.48% 0.05% 2.44% 65.43%

Total OECD 2.37% -0.07% 2.44% 66.24%




3.2. Technological catching-up

In order to evaluate the stability of the catchumprocess over time and among countries,
Figure 1 plots the coefficient of variation of TbEactor Productivity for three country

groups: OECD, other European and euro-zone.

When considering only the first and the last yearth®e sample at hand, no significant
phenomenon of catching-up to the leader (UnitedeSjaseems to appear. The standard
deviation of TFP is even higher at the end of thm@e than during the 70's. This result is
fully consistent with the finding by Bernard andnde (1996 a,b), Gouyette and Perelman
(1997) and Hansson and Henrekson (1997) that thaseno significant catching-up effect in
the tradable sector.

However, Figure 1 also shows different patternstlod convergence process: tlme
convergence indictor decreases until 1986, anceasas afterwards. This evolution shows
that TFP levels converge towards their benchmarkrgby the performance of the American
leader during the first seventeen years so thac#tehing-up hypothesis is supported over
this sub-period. At the opposite, the TFP gap betwéhe United-States and all other
countries increases smoothly over the period 19882 Notice that the patterns of tbe
convergence indicators are rather similar for the tirst retained country groups, i.e. OECD
countries and other European countries. Whereastecylar evolution is to be noted for the
nations of the euro currency zone. The differestat productivity between the latter nations
strongly decrease until 1997 although since 1998phanomenon of divergence has
reappeared without however finding standard demiatias high as those noted for the two

previous groups.

Figure 1: Coefficient of variation of Total Factor Productivity
(standard deviation/average, Levels of TFP in logathm)
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Due to the changing patterns in the catching-upggs® observed on Figure 1, the speed
parameter is calculated with equation (15) for kb#1970-1986 and 1986-2001 sub-periods.

As the United-States appears to be the leadertbeewhole period, the coefficiemﬂ(f) in

equation (15) are such théﬁk) = A(kS)A Ok = 012 and [t =0,T.

Empirical results are reported in Table 3 and adlopert to theo-convergence indicator
analysis. During the period 1970-1986, a positive significant speed is estimated for nearly
all countries, suggesting that a catching-up pr@dssat work and that technical diffusion
takes place across countries over this period. Higlkeest speeds are obtained for Belgium,
The Netherlands and Italy. At the opposite, thérested speed turns out to be negative and
significant during the period 1986-2001, for aluatries with the exception of Sweden and
Finland. This result is also largely consistenthwilie pattern of the-convergence indicator
over this period. The same results are obtained awerage speed for both OECD, European
and euro-zone country groups This evidence that d&&hing-up in the manufacturing sector
was at work during the period 1970-1986 while TR¥eence occured during the period
1987-2001 is clearly at break with the finding bgrBard and Jones (1996 a) and Dowrick
and Duc-Tho Nguyen (1989) that there is no catchipgffect in the manufacturing sector.
Decomposing the initial period and evaluating thecking-up by using a parametric
stochastic production frontier permits to show thatatching-up reversal appears in the
manufacturing sector in the midst 1980s. It is vaelfficult to provide any specific
explanations as to why manufacturing industrieseha@haved so differently with respect to
patterns of productivity catching-up. Growth slowdalvn in all countries during the 1970s
and the dynamics of manufacturing productivity gitowhowed greater variation after 1979.
Moreover while simple labour productivity indicasofsuch as value added per hour worked)
reveal that all countries caught up with the USAtamrms of labour productivity up to the
midst 1970s, our TFP measure shows that the catalpnprocess worked until the mid
1980s.
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Table 3: Average Speed of catching-up by periodndountry (annual rate)

1970-1986 1986-2001 1970-2001

Pays A t value A t value A t value

AUS 0.020 4.267 -0.043 -10.024 -0.011 -6.076

BEL 0.082 15.515 -0.054 -6.783 0.014 6.404

CAN 0.001 0.129 -0.042 -8.496 -0.020 -7.008

DNK 0.018 5.403 -0.041 -13.790 -0.011 -8.800

FIN 0.026  9.201 0.040 6.925 0.031 12.171

FRA 0.050 6.127 -0.053 -5.689 -0.001 -0.306

WGR 0.032  3.830 -0.077 -9.923 -0.021 -7.753

ITA 0.056 14.451 -0.033 -6.469 0.011 6.732

JPN 0.045 10.617 -0.041 -7.278 0.002 0.965

NLD 0.075 9.320 -0.078 -8.127 0.001 0.259

NOR -0.004 -0.955 -0.036 -14.469 -0.020-12.335

SWE 0.007  1.939 0.016 3.376 0.011 5.196

GBR 0.019 5.286 -0.017 -4.675 0.000 0.260
USA Leader Leader Leader
€ Zone (average) 0.053 -0.042 0.006
European countries (average) 0.036 -0.033 0.002
Total OECD (average) 0.033 -0.035 -0.001

4. Conclusion

This paper has used an original testing procedarestexamine the stability of the TFP
catching-up hypothesis for the manufacturing seatwoss OECD, European and euro-zone
countries over a period of thirty years. Empiricasults suggest that contrary to previous
conclusions put forth by authors such as BernadiJomes (1996), Gouyette and Perelman
(1997) and Hansson and Henrekson (1997), thereavgagnificant movement towards TFP
catching-up during the period 1970-1986 for OECI &uropean country groups. These
catching-up patterns were reversed during the @erl®87-2001. More homogenous
productive efficiency profiles and better posstl@é of technological adoption were
established within the euro currency zone. Thus? Tvels converged more quickly for the
nations taking part in an economic and monetargruni

This result may indicate that while structural astsuch as the capability to use the "best-
practice technology" certainly constitute one @& thain determinants of productivity growth,
the characteristics of the technological catchipgsuwocess may be also dependent upon the

institutional macroeconomic framework.
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