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Non-technical summary
This paper provides some stylised facts about differences in labour pro-

ductivity and total factor productivity (TFP) in Estonian firms and about the
role of selected determinants of productivity differences. The importance of
innovation, product market competition/concentration of the sector and (based
on earlier papers) the importance of knowledge diffusion in productivity im-
provements have been addressed.

Enterprise level panel data of the whole population of Estonian firms from
years 1995–2002 is used in this paper. This firm level data from the Business
Register of Estonia is then additionally merged with the Community Innova-
tion Survey (CIS-3) data from year 2000. One advantage of this paper is that
it can use data on not only manufacturing industry but on services sector firms
as well.

It appears that the variation of productivity indicators in Estonia is much
greater than in Western Europe. Only a small part of this large variance can be
explained by region specific or sector specific characteristics alone. Although
there is a lot of entry and exit of firms as documented by some earlier studies,
there is not much movement within the productivity distribution of surviving
firms.

It is found that both innovation and less concentrated market structure seem
to be positively related to higher productivity of firms. Innovative firms ap-
pear to have higher TFP than the rest. However, a comparison of the results
with some earlier studies on the effects of knowledge diffusion indicates that
knowledge diffusion effects seem to be outnumbering these of innovation,
possibly because of generally low extent of innovative activities in Estonian
firms (at least according to the Community Innovation Survey for years 1998–
2000).The lower concentration of a sector (implying higher competition) is
ceteris paribus positively correlated with the productivity of the firms in this
sector.

The results about the association between sector concentration/product mar-
ket competition on one hand and productivity of firms on another are however,
more controversial than the rest and require further analysis that would capture
significantly more the various facets of product market competition.
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1. Introduction

The usual short way to answer the question of how to improve produc-
tivity in a firm or the whole economy can be: by improving the quality of
production inputs or using inputs more efficiently. It has also been assessed
that productivity growth can arise from the market sorting of good and bad
firms (Haskel, 2000; Ahn, 2002; Bartelsman et al., 2004). This proposition
underlines the role of competition in productivity dynamics and has a lot to do
with relatively recent developments in endogenous growth theory.

The neoclassical view has traditionally emphasized the role of capital ac-
cumulation, and later also the role of human capital in productivity improve-
ments. Endogenous growth theory, which has developed rapidly since the
work of Lucas (1988) and Romer (1986) however, gives a fairly more opti-
mistic view of growth policies at both the macro and micro level. It underlines
the role of R&D and innovation for productivity growth and has led micro
data researchers to look more at the role of knowledge diffusion, innovation
and also entry and exit of firms in productivity dynamics (Aghion and Howitt,
1992, 2005; Aghion and Griffith, 2005). Endogenous growth theory does not
postulate that the sole determinant of growth is investment in R&D, but argues
that capital accumulation cannot be seen as the sole determinant of growth.
The important findings in papers that have been inspired by these ideas, based
on population data about Estonian enterprises, say that both entry of high pro-
ductivity firms and exit of low productivity enterprises contributes a lot to
productivity growth in Estonia (Masso et al., 2004; Bartelsman et al., 2004).

In this paper the role of market sorting via product market competition1 in
the productivity improvements of firms is assessed. It is studied whether the
level of innovation in the firm (or its R&D) is still an important contributor to
productivity if several other possible factors are accounted for. Stylised facts
about total factor productivity (TFP), labour productivity and capital intensity
in the Estonian manufacturing and services sectors are also provided. I look
at how much firms vary in their productivity in Estonia compared to Western
European countries, and how surviving firms move in the productivity dis-
tribution over time — whether good firms remain the firms with the highest
productivity; whether there is significant productivity upgrading of low pro-
ductivity firms; or perhaps, productivity downgrading of good firms (e.g. due
to the entry of new competitors; processes diverting from innovation to routine
in existing firms, etc.).

A large enterprise level panel database of yearly data about all Estonian

1In the framework that is similar to that of the seminal paper by Nickell (1996) or Okada
(2005).
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firms from the period 1995–2002 is used in this paper. This dataset is merged
with data from an innovation survey of the type of Community Innovation
Surveys (CIS-3), in order to assess the effects of innovation.

The main findings are that productivity variation in Estonian enterprises
is very high compared to the findings of similar studies of, for example, UK
enterprise level data2. There is not much movement inside the productivity
distribution of surviving firms — the most productive surviving firms usually
remain the most productive and the least productive remain the least produc-
tive both at the beginning and the end of the period studied.

Both innovation and less concentrated market structure seem to be posi-
tively related to the higher productivity of firms. Innovative firms appear to
have higher total factor productivity than the rest. Lower concentrations of
firms in a sector are ceteris paribus positively correlated with the productivity
of the firms in this sector.

The paper consists of 7 sections. Section 2 provides a brief overview of re-
lated literature. Section 3 describes the methods used in this paper and Section
4 describes the data. Section 5 then provides descriptive statistics based on en-
terprise level panel data. The results of the econometric analysis are given in
Section 6. The last section concludes.

2. Competition, innovation and
productivity — literature overview

The increasing interest in different factors of growth, other than capital
deepening or savings, over the past two decades, both at macro, industry and
firm level, can be traced to the development of endogenous growth theory
(Lucas, 1988; Aghion and Howitt, 1992; Aghion et al., 2005). Endogenous
growth theory underlines the role of innovation and competition and incen-
tives to create knowledge for economic development. The core ideas of that
strand of literature are very much related to the ideas of Joseph A. Schumpeter
(1942)3.

The Schumpeterian view emphasises the economy where competition is
a “Darwinian struggle”, the survivors of which are those who succeed in im-
proving and creating new technologies (Howitt, 2004). The core of the Schum-
peterian world is this “creative destruction”, and the inclusion of his ideas in

2Until recently, large share of the analysis of productivity dispersion or analysis of the
effect of competition on productivity has concentrated on UK data (e.g. Martin, 2005; Nickell,
1996).

3Also related to the ideas of evolutionary economics (Fagerberg, Dosi, Nelson, etc).
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recent models of economic growth have underlined important possible impli-
cations for policy; whereas, neoclassical growth theory, in fact, left little room
for policy making in accelerating the long-run productivity growth of a coun-
try.

Schumpeter’s idea of creative destruction was (1942: 83; cited via Aghion
and Howitt, 1992: 324):
The fundamental impulse that sets and keeps the capitalist engine in motion
comes from the new consumer’s goods, the new methods of production or
transportation, the new markets, ... [This process] incessantly revolutionizes
the economic structure from within, incessantly destroying the old one, inces-
santly creating a new one. This process of Creative Destruction is the essential
fact about capitalism.

Schumpeter’s ideas state that economic processes are organic and that the
change comes from within the system and not simply as an exogenous factor.
The change comes through innovations; hence, innovations and technology
are endogenous to the system. Several models of economic growth have been
developed based on Schumpeter’s process of creative destruction, especially
important is perhaps that of Aghion and Howitt in their famous article from
1992, which has increasingly been used as the basis for developing endoge-
nous growth models.

One key conclusion from this strand of literature is that growth results from
technological progress, which in turn results from technological competition
among firms that generate innovations. Firms are motivated to innovate by
higher payoffs, by the prospect of monopoly rents that can be captured by
successful innovator firms (Howitt, 2006). Those rents (in the form of higher
profits in the future etc) however, are temporary and will in turn be destroyed
by the next innovations made by other firms (that make the former innova-
tion obsolete; Aghion and Howitt, 1992). To be put shortly, this means that
innovations are an important determinant of growth; however, the importance
of product market competition and market structure is not so clear-cut. Thus,
the theoretical models of industrial organization (for example Dasgupta and
Stiglitz, 1980) and first generation models of endogenous growth theory (from
the beginning of the 1990s, starting from Aghion and Howitt, 1992) implied
that more intensive product market competition discourages innovation, and
thus discourages growth as it reduces the monopoly rents from successful in-
novation.

The empirical evidence however, seems to a large extent to contradict this
Schumpeterian idea. Empirical work on the effect of competition on a firm’s
performance (Nickell, 1996; Disney et al., 2003; Griffith, 2002; Okada, 2005)
usually finds that increased competition promotes productivity growth among
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firms4.

This discrepancy between theory and empirics has led the authors of mod-
els of endogenous growth theory to reconsider their models and include further
channels for the positive effects of competition. One way to deal with this is
to give greater consideration to the effect of weakening the barriers to entry.
Howitt (2004, 2006) argues that these barriers can raise the cost of introduc-
ing new technology for outside firms, and thus reduce the incentive to engage
in R&D and this may reduce the growth rate. Therefore, dismantling these
barriers to competition may improve productivity growth.

The positive effects can also work via reducing the managerial slack due to
increases in competition (Vickers, 1997). In the case of a monopolistic firm,
some extra profits are captured by the managers of the firm in the form of
managerial slack — that is, they do not have to work as hard as if there were
competitors in the market.

In addition to that, competition may have an impact on the incentives of
the workers. This follows if monopoly rents are shared with the workers of
the firm and applies more for those firms where the unions are strong (Nickell,
1996). Then the extra rents from a monopoly may be captured in higher wages
or lower incentive for workers than if there were more competition. Thus,
there may sometimes be a direct link between the degree of product market
competition and incentive to work among the workers. However, in the Es-
tonian context, this link may not be very strong due to the minor importance
of trade unions in the economy.

New generations of models of the endogenous growth theory (for literature
overview see, for example, Aghion and Griffith, 2005) underline that compe-
tition could have a beneficial effect on productivity via the so-called “escape
competition” effect. The firms, including not only new firms but incumbent
ones as well, need to be innovative and reduce costs in order to survive. Engag-
ing in innovation can be a way for incumbent firms to escape the competition.
Aghion and Griffith (2005) and Aghion et al. (2005) show that more intense
competition can yield more innovation, as it reduces pre-innovation rents more
than it reduces post-innovation rents.

An important recent finding is that of an inverted U-shape relationship be-
tween competition and innovation (and thus possibly, the productivity of the
firm) (Aghion, Bloom et al., 2005).
Source: Brouwer et al., 2004.

Figure 1 sums up the ideas that competition, innovation and productivity
are all related to each other: innovation affects productivity, but may perhaps

4See also Table in Appendix 1 on selected findings of some empirical papers.
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Figure 1: Relationship between competition, innovation and productivity

depend on the productivity of the firm (more productive firms are able to spend
more on innovation). Competition affects both the innovation and productivity
of the firm by either increasing it if positive effects dominate or decreasing it
if negative Schumpeterian effect dominates. In addition to that, successful
surviving innovators can affect the character of competition on the market and
for the market (Brouwer et al., 2004).

It ought to be outlined here that the role of R&D and innovation in growth
is not always self-evident. Endogenous growth theory has undoubtedly given
a lot to our understanding of growth. However, there are some influential
papers that are critical about this line of models. Growth accounting exercises,
more recent than that of Solow (1957), by Young and Jorgenson (1995) and
Jorgenson (1995) claim that technological progress may be a less important
source of economic growth than capital accumulation.

Jones (1995) also argues, that the enormous increase in R&D in the post
WWII period in the USA has not been accompanied by the corresponding rise
in productivity that might indeed be expected based on Schumpeterian growth
models. Jones (1995) thinks that this finding of relatively constant long-run
growth in the face of enormous structural changes, such as trade liberalization,
increases in years of schooling, increases in R&D etc., refutes many of the
implications of endogenous growth theory.5 Thus, the impact of innovation
inputs or outputs on productivity, similarly to the effects of competition on
productivity, may be not as clear as sometimes expected.

5However, the further tailoring of Schumpeterian style growth models has at least to
some extent in recent years provided partial reconciliation of Jones’s findings and endoge-
nous growth theory’s findings (Howitt 2004).
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3. Methodology

In this report I look at both labour productivity and total factor productivity
of the populations of firms in Estonia based on enterprise level panel data from
1995–2002. I outline selected descriptive statistics from this work and previ-
ous works on the productivity of firms in Estonia. Then I look at productivity
dispersion — that is, the heterogeneity of firms in terms of productivity indi-
cators, and concentrate on some determinants of the productivity differences
between firms, including inputs like capital and labour and sector specific dif-
ferences (in technology, etc.), and finally, endeavour to relate the remaining
differences to the innovative activities of firms and the level of product market
competition. Based on earlier studies I also outline, as an alternative method of
improving the productivity of the firm, knowledge diffusion via FDI or trade,
or via the international engagement of the firm in general.6 Thus, I can dis-
cuss whether innovation or the diffusion of knowledge plays a greater role in
productivity developments within Estonian firms.

In the context of the effect of competition, I concentrate more on “static”
effects, by looking at different proxies of product market competition like con-
centration ratios and the Lerner index. The dynamic aspects of competition,
such as the entry and exit of firms, have been outlined in a earlier article by
Masso et al. (2004), where they find significant contributions from the entry
and exit of firms to TFP and labour productivity growth inside Estonia. I look
at whether other variables also capture the positive effect documented in their
paper.

In the rest of the document I thus look at:

1. estimating the production function for individual sectors and calculating
TFP based on the Levinsohn-Petrin (2003) model to account for the en-
dogeneity of inputs and yield consistent estimates of the parameters of
inputs in the production function;

2. endogeneity problems related to estimating the production function and
the TFP;

3. how much the sectors inside the manufacturing and services sectors dif-
fer in terms of the technology used (i.e. I look at production function
coefficients of single sub-sectors);

4. how much firms vary in their labour productivity and TFP indicators;

6Based on the findings of earlier related papers.
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5. whether capital intensity and sector specific factors alone explain most
of these differences;

6. what appear to be, within the limits of my data, the other main causes/
covariates for why some plants are more efficient than others — includ-
ing the role of innovation, knowledge diffusion and product market com-
petition;

7. how surviving firms move inside the productivity distribution of firms
— do the most productive firms gradually fall down in the distribution,
or is there significant productivity upgrading from firms that initially
had low levels of productivity, provided that they survive in the market.

I measure the labour productivity of the firm as sales per employee or value
added per employee. Total factor productivity is found as a residual from the
estimation of a Cobb-Douglas type log-linear production function:

TFPijt =
Yit

KαK
ijt LαL

ijt

⇒ ln TFP ijt = ln Yijt − αKj ln Kijt − αLj ln Lijt (1)

where Kijt is real capital, Yit is real value added to the firm, Lijt is em-
ployment, subscript i denotes the firm, j the sector, t denotes time. I find
sector-specific coefficients of ln Kijt and ln Lijt by estimating the production
function.

A thorough discussion of several problems related to the estimation of pro-
duction functions is provided in the papers by Griliches and Mairesse (1995),
Olley and Pakes (1996) and Levinsohn and Petrin (2003) — here I will briefly
point out only some of these. Some of the important issues may be related to
the quality of the data, the specification of the model, the simultaneity/endogeneity
bias and the selection bias. The problems with the data could always be, for
example, errors when measuring inputs or outputs. The issue of the mea-
surement of capital can also be rather troublesome (Griliches and Mairesse,
1995).7 Another important question in the literature is how to solve the endo-
geneity bias problem. In the context of the Cobb-Douglas production function
(in logs) we have, in the case of two production factors capital K and labour L,
for example:

ln Yi = β1 ln Ki + β2 ln Li + ωi + ei, (2)

7For example, I would prefer to use data on the use of capital input over the stock of
capital. However, the former is rarely available in practice.
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where ωi is the part of the error term that represents those inputs that are un-
observed for the econometrician (e.g. managerial abilities), but may be known
by the firm and thus may affect the optimal choice of other observed inputs K
and L. If indeed ωi is known to the firm when making decisions on optimal
choice (K; L), then K and L will be correlated with ωi and the OLS estimation
will yield biased results.

Recent contributions to solving this problem include semi-parametric es-
timation procedures, particularly, the methods developed by Olley and Pakes
(1996) or Levisohn and Petrin (2003). The latter of these will also be used for
estimating the coefficients of inputs in this paper. An alternative option would
have been to impose constant returns to scale and calculate the coefficients of
the log of K and L by the so-called index number approach and then, again,
find TFP as a residual from the logarithmic form of the Cobb-Douglas type
production function. Based on Estonian enterprise level data, this was done
by Masso et al. (2004). However, this assumption of constant returns to scale
might obviously not hold. In the index number approach the parameters of
the log of K and L represent industry cost shares. The industry capital share
would then be measured as a residual from the labour cost share — that is,
αK = 1 − αL, thus this parameter estimate may be fairly different from the
true parameter of capital, due to this assumption of constant returns. Some
authors have also tested different ways to estimate the TFP: the index num-
ber approach versus the Levinsohn-Petrin model and the translog production
function (for example, Girma and Gong, 2005). Girma and Gong (2005) find
that the index number method can provide significantly misleading measures
of TFP and thus misleading measures on the effects of different other factors
on the TFP of firms. Also Wooldrige (2005) finds that the Levinsohn-Petrin
approach is probably among the most suitable methods for estimating the pro-
duction function.

One way to address the endogeneity problem would be to use panel data
instead of cross-section data and to control for firm specific time invariant ef-
fects by employing, for example, a fixed-effects model. Then one estimates ωi

as fixed effects, and provided that there is enough reason to think that ωi (man-
agerial abilities etc) is something firm specific and invariant over time, K and
L are no longer correlated with the error term (Levinsohn and Petrin, 2003).
However, this last assumption is credible only in the case of a very short time
span of the panel. This is not the case here. Recent papers in econometric
methods for production function estimation stress that a better way to control
for the endogeneity bias is by using the Levinsohn-Petrin semi-parametric es-
timation method, with some measure of materials as a proxy to account for ωi.
Also, I note here that the fixed effects model often underestimates the coeffi-
cient of capital in the estimation of a Cobb-Douglas type production function
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(Levinsohn and Petrin 2003). I can check this later on based on my data.

Given the above, I follow a two-step approach. At first, I estimate the TFP
as a residual from the logarithmic form of the Cobb-Douglas production func-
tion by using the Levinsohn-Petrin (2003) procedure and allowing different
coefficients of the logs of capital and labour in the production function for
different sectors (at NACE 2-digit level):

ln Yijt = β0 + β1 ln Kijt + β2 ln Lijt + ωijt + ηijt, (3)

where ln Y is the log of value added, ωijt is the productivity component of
the error term that is allowed to be correlated with the input choices, and ηijt

is an error term that is uncorrelated with input choices. The Levinsohn-Petrin
semi-parametric estimation method estimates this equation with materials as
a proxy to account for ωijt. This method allows for economies of scale dif-
ferent from constant returns. By estimating separate production functions for
all sectors, one can consider in a more consistent manner the individual het-
erogeneity in the data. Indeed, the findings, presented later on, will prove that
estimating one coefficient over all manufacturing or services firms could po-
tentially lead to biased findings about the TFP of firms, as sub-sectors have
large variations in capital and labour coefficients, indeed these can be quite
different from the overall average of the manufacturing industry.

The TFP can then be calculated from the estimated equations as follows:

TFPijt = exp (ln Yijt − β1j ln Kijt − β2j ln Lijt) (4)

In the second step, I regress the log of the TFP on competition related and
other control variables:

ln TFP ijt = β3Xijt + αj + αt + εit (5)

The vector Xit captures competition related variables and possible other
control variables, and αj with subscript j indicates industry specific effects.
Note, however, that when estimating the TFP premium associated with inno-
vating, only cross section data can be used, thus there the time dummies are
dropped.

The competition related variables that are traditionally used in the literature
assessing the effects of product market competition on productivity (Nickell,
1996; Griffith, 2002; Okada, 2005, etc) have in the past been: industry con-
centration (CONCjt) at the 3-digit level calculated as the Herfindahl index8;

8The value of the Herfindahl index is the sum of the squares of the market shares of all
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industry import penetration (IMPORTjt) at the 2-digit sector level; the “mar-
ket share” of the firm (MSHAREijt) based on a 3-digit (or 4-digit) definition of
sector; and a firm level proxy for the Lerner index (LERNERijt). The market
share variable and Lerner index are firm specific variables. As Estonia has a
very open economy, I will also add the sector level ratio of exports to sales
(EXPijt)(for NACE 2-digit level sectors) as one potential openness indicator.
Import penetration is also included as a measure of foreign competition. The
industry level import and export data was available for the manufacturing sec-
tors, but not for the services sector.

Note that both the concentration index and market share may often be mis-
leading measures of competition as they are related to some specific classi-
fication of the sectors. The Lerner index, which measures the market power
of each individual firm, is more trustworthy as it is not related to some spe-
cific classifications of sectors. Under the assumption that average variable cost
provides a good approximation of marginal cost, the proxy of the Lerner in-
dex for each firm can be measured as sales minus the cost of wages and the
cost of intermediate inputs divided by sales (see Griffith, 2002 or Disney et
al., 2003). Note that sales equals price times quantity PijtQijt, and the cost
of wages plus the intermediate inputs here equals average variable costs times
quantity (AVCijtQijt).

Thus the firm specific Lerner Index can be written as:

LERNERijt =
PijtQijt − AVCijtQijt

PijtQijt

=
Pijt − AVCijt

Pijt

(6)

Inserting the abovementioned measures of competition into vector Xijt in
equation (5), (with MSHARE and LERNER lagged by two periods due to a
possible endogeneity problem) and taking first differences of equation (5) in
order to eliminate the fixed effects, yields the following:

∆ ln TFP ijt = β11∆MSHAREijt−2 + β12∆LERNERijt−2 + (7)

+ β13∆CONCjt + β14∆IMPORTjt + β15∆EXPjt +

+ µt + ωit

This framework is quite similar to that used in Nickell (1996), Disney et
al. (2003), Griffith (2001) and Okada (2005), using UK or Japanese enterprise
level panel data (with the exception that I also add the export orientation sector
level variable). I would expect an inverse relationship between the Lerner

firms in an industry: the Herfindahl index has values between 0 and 1. It is equal to 1 in the
case of the most concentrated market structure (i.e. with one firm).
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index, concentration ratio and market share on one hand, and the productivity
of the firm on the other. Also, former findings in other countries have usually
indicated negative coefficients for at least some of these variables.

4. Data

For the analysis in this paper, different enterprise level datasets have been
merged. The main database used in the empirical analysis, and for estimat-
ing the models as outlined above, was sourced from the Business Register of
Estonia. It covers yearly balance sheet and income statement data for the pop-
ulation of Estonian firms for the period 1995–2002. I have information about
up to 41,000 firms per year. The number of firms at the beginning of the pe-
riod is about 15,000. The panel data allows to study both the manufacturing
(NACE 2-digit code between 15 and 37) and services sectors (NACE 2-digit
code between 50 and 74). The majority of the related studies in the world
have so far concentrated on analysing manufacturing industry data. It should
be mentioned however, that the commercial banks (due to size effects and sec-
tor specifics) have been excluded from the analysis of the services sector.

As a co-product of this paper, the CIS type innovation survey data has also
been merged with the main Business Register Database. However, the CIS-3
survey covered innovative activities of about 3,490 firms and most of the data
on innovation is available only as cross section data. For example, it provides
answers to questions like “Did your firm engage in product innovation in the
years 1998–2000?” (Kurik et al., 2002)9.

I measure capital as the sum of tangible and intangible fixed assets minus
goodwill. The following deflators are used to correct for inflation. Output, val-
ued added and intermediate inputs are deflated by respective deflators of the
system of national accounts provided by the Statistical Office of Estonia. The
deflators are available for 16 sectors (that corresponds to the top level in ISIC

9This innovation survey defines innovations as follows. Technological innovation — im-
plemented technologically new products, processes or services and significant technological
improvements in products, processes or services. It requires an objective improvement in the
performance of a product or in the way in which it is produced or delivered. An innovation
has been implemented, if it has been introduced to the market — via product innovation, or
within the production process — process innovation. The product, service or process should
be new (or significantly improved) to the enterprise, but it does not necessarily have to be new
to the enterprise’s market (Kurik et al., 2002).

Research and development (R&D) were defined in the same survey as follows: creative
work undertaken on a systematic basis in order to increase the stock of knowledge, and the
use of this stock of knowledge to devise new applications, such as technologically new or
improved products and processes.
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Rev. 3.1). Capital is deflated using the gross capital formation price index
(available only for the total economy). The deflators are based on the follow-
ing price indices: consumer price indices according to commodity groups and
fields of activity, producer price indices according to fields of activity, con-
struction price indices and export and import price indices. It is assumed that
production and value added change in the same way (single deflation; double
deflation assumes the compilation of input-output tables). For more informa-
tion, see also the National Accounts of Estonia (2003). For a more thorough
description of the characteristics of the Business Register database consult also
the article by Masso et al. (2004).

5. Descriptive statistics about the
heterogeneity of productivity among firms

The estimated coefficients of the log of capital and labour in the production
functions of separate sectors are presented in Tables 1 and 2, for both the
manufacturing and services sectors.

We can see that the findings of the fixed effects model (FE) and the Levin-
sohn-Petrin (LP) model differ significantly; thus, accounting for endogeneity
of inputs seems to be important and methods not accounting for this can yield
inaccurate estimates of coefficients of inputs and thus inaccurate estimates of
TFP for individual firms. Levinsohn and Petrin (2003) argued that the FE
model often underestimates the coefficient of capital in a Cobb-Douglas type
production function. If I calculated only one pair of coefficients for the whole
manufacturing or services industry, this would also be the case in Estonia.
However, if I calculate separate production functions for 2-digit level sub-
sectors, we see that in some industries the coefficient of capital in the LP model
is lower and in some sectors it is higher than in the FE model. Endogeneity of
inputs does appear to distort the estimated coefficients in the FE model.

Over the last decade, researchers have started to document the distribution
of productivity among firms in the economy (Oulton, 1998; Martin, 2005).
The reason why this is a relatively recent development is that micro datasets
that were usually unavailable for researchers before have become increasingly
available. Part of this development can also be explained by the development
of computer power to process large panel datasets. Productivity spreads 10 can
be a potential source of aggregate productivity improvement, and the aim of
policy might be to concentrate on bringing the laggard firms up to the stan-

10Productivity spread can be defined as the distance between the best and the worst per-
forming firms in an industry.
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Table 1: Descriptive statistics — coefficients from a Cobb-Douglas type of
production function (relaxing the assumption of CRS) in manufacturing sec-
tors

dards of the leading firms. Productivity spreads have so far received consid-
erable analysis and attention from economic policy makers in Western Europe
(Martin, 2005) and less analysis in transition economies.

The stylised facts about productivity in the Estonian manufacturing and
services sectors, apart from the fact that productivity has grown significantly
in these sectors, is that there is a very large variation in terms of productivity
among firms (see Table 3). The mean value for value added per employee
in the manufacturing industry was 64,180 EEK in 1995 and 108,480 EEK
in year 2002 according to the calculations based on data from the business
register. The corresponding figures for the services sector were 78,170 EEK
in 1995 and 121,640 EEK in 2002. Table 3 shows that labour productivity has
on average been higher in the services sector than in manufacturing.
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Table 2: Descriptive statistics — coefficients from a Cobb-Douglas type of
Production function (relaxing the assumption of CRS), LP method vs simple
FE model in the services sectors

However, inside this mean value of productivity, there is considerable het-
erogeneity within both manufacturing and services sectors. In order to take
a look at the productivity spread underlying these averages, I have ranked the
firms of the database according to their productivity and compared the produc-
tivity of the firm at the 90th percentile with the firm at the 10th percentile of
the ranking. This gives us information about the productivity differences with-
out relying too much on the best and worst firms, as the best and worst in such
a database can be a result of data errors. In order to avoid including potential
data errors in this analysis, I have for most of the calculations excluded the top
1 per cent and the lowest 1 per cent of firms in the distribution of productivity
from the database.

Table 3 shows that the labour productivity spread in manufacturing, if mea-
sured as sales per employee was 18.6 times in 1995 and 12.4 in 2002. For the
value added based measure, the corresponding figures were 13.8 in 1995 and
9.2 in 2002. Thus the productivity spread of firms seems to be falling over
time in the manufacturing industry. A similar tendency also holds for the ser-
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Table 3: Productivity spread in Estonia in 1995 and 2002 (EEK)

vices sector. The variation of labour productivity in the manufacturing sector
on average is significantly lower than in the services sector. A similar finding
was presented by Oulton (1998) for the UK. This may be due to international
competition effects as these may be larger for manufacturing firms.

If we take a look at the TFP spread (see Table 4) it appears that, while the
spread was quite similar in 1995 in the manufacturing and services sectors,
by 2002 the differences had, on average, decreased significantly in manufac-
turing, but had grown in the services sector. It is important to note that these
productivity spreads in Estonia seem to be much higher than in Western Eu-
ropean countries. The study by Haskel (2000) presents that the corresponding
productivity spread (90th percentile / 10th percentile) was 4.5 in the manufac-
turing industry in 1992 and that it had stayed roughly the same compared to
1980. Martin (2003) presents evidence that the productivity spread in Finland
and the Netherlands is of similar size to the UK.

What could explain such large productivity spreads? One possible explana-
tion could be the coverage of firms, aggregating very different sectors together
as one manufacturing sector. The data discussed so far is for services or man-
ufacturing sectors. The averages of these two major sectors cover many very
different sectors, which have very different technologies and labour or capi-
tal intensities — thus exhibiting potentially significantly varying productivity
levels that the average in the manufacturing or services industry hides.
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Table 4: TFP spread, the ratio of the highest decile to the lowest decile

Indeed, there is much variation in terms of productivity inside both the
manufacturing and the services sector. Table 3 also presents the correspond-
ing statistics for the food processing industry as an example. We see that the
productivity spread inside that industry is only a little bit smaller than in man-
ufacturing on average. The spread in that sector and in other sub-sectors as
well is still significant and it indicates that sector specific factors alone do not
explain most of the productivity variety among firms; other factors need to be
identified as well.

In the case of labour productivity measures, the major contributor to pro-
ductivity is certainly the capital intensity of the firm. Employing more capital
per employee raises labour productivity. The capital intensity of firms in Esto-
nia varies even more than labour productivity or the TFP. The fact that there is
still considerable variation in TFP however, underlines that the capital-labour
ratio does not only by itself explain these large differences in productivity.

Another explanation could be that firms in different regions exhibit differ-
ent productivity. One finding of our analysis was also that firms in Tallinn
tend, on average, to have higher productivity than the rest. However, the pro-
ductivity variation is significant also in different regions.

The sizeable productivity spread in Estonia may also have policy implica-
tions for policy makers. This heterogeneity can however, be an indicator of
both good and bad circumstances at the same time (Martin 2005). Part of it
is “bad” in the sense that, to some extent, it shows a shortage of competition,
so that laggard firms are not forced to exit but carry on binding productive
resources. (Part of) it may be, however, “good” as it may alternatively reflect
ongoing trials and errors of firms, innovations and selection of the best firms
in a competitive environment.

Masso et al. (2004) and Bartelsman et al. (2004) have also underlined en-
try and exit as important contributors to productivity growth in Estonia. Their
finding in these two papers was that the entry of high productivity firms and
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the exit of “bad” firms, contributes a lot to productivity growth in Estonia. The
findings about the numerical values of the contributions of entry and exit or
about Estonian results in international comparison vary to an extent in these
two studies. Bartelsman et al. (2004) show that entry and exit are important
for all countries — Estonia is not particularly different from other cases, ex-
cept that there are many countries where entry and exit contributes more to
productivity growth than in Estonia. The findings of Masso et al. (2004) and
Bartelsman et al. (2004) may to some extent support the idea of the presence
of a “good” spread as the presence of a continuous selection process.

These papers have, by studying the entry and exit effects, covered in fact
some dynamic effects of competition on productivity. One way to extend their
analysis is to look at more standard measures of competition as explanatory
actors of productivity (see next section), or to take a look at the productivity
dynamics in surviving firms. Thus I try to answer the question: how do surviv-
ing firms move inside the productivity distribution? The movements of firms
underlining these spreads of productivity, as presented in Tables 5 and 6 (and
Appendix 2 and Appendix 3), can potentially differ and can have different
policy implications as well (Haskel 2000).

Table 5: TFP transition matrix, manufacturing sector 1995–2002 (percentages)

I follow Haskel (2000) and Baily et al. (1992) in outlining the different
possible ways this can occur. Possibility 1 is where firms enter the market
with different productivity levels and each firm stays relatively in the same
place in the productivity distribution over time. Possibility 2 is that firms enter
with similar initial productivity, but some firms upgrade and some downgrade
in terms of efficiency, with those falling gradually down the productivity dis-
tribution eventually exiting. Possibility 3 (not likely in the case of Estonia)
is that firms are fundamentally the same, but suffer from different productiv-
ity shocks that make some firms at some period do well and others do badly.
Another option is that firms enter with different levels of efficiency of produc-
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Table 6: TFP transition matrix, services sector 1995–2002 (percentages)

tion, but their efficiency gradually fades as the firm ages — that is, firms move
down the productivity distribution as they mature, and eventually exit.

Tables 5 and 6 (and Appendix 2 and Appendix 3) address these different
possible scenarios and test these possibilities. They map the productivity tran-
sition between 1995 and 2002 of surviving firms11. Here in the body of the
text the productivity transition tables for TFP in manufacturing and services
sectors are presented. The corresponding tables for labour productivity transi-
tions can be found in the Appendix 2 and 3, the results are most similar to the
TFP case.

The left most column shows the productivity quintiles for 1995, the upper
most row shows the quintiles in 2002. The numbers in the cells denote the
transition probabilities from the corresponding quintile group in 1995 to the
corresponding quintile group in 2002. That means that the top left cell shows
the fraction of plants beginning in the lowest productivity quintile in 1995 that
also remained in the lowest productivity quintile in 2002.

Based on Tables 5 and 6, there appears to be a good amount of persistence
in the position of surviving firms in the productivity distribution. Not much
upgrading or downgrading inside the distribution occurs, firms that start off in
one part of the productivity distribution tend to stay there also in the end of the
period of analysis (as indicated also by the highlighted cells in the transition
matrices). Possibility number 1 therefore, gets the most support.

In the manufacturing industry, 65.3 per cent of surviving firms that had the
highest total factor productivity level in 1995 also had the highest productivity
in 2002; the corresponding figures for persistence in the lowest TFP quintile
was 53.1 per cent in manufacturing. The findings in the services sector are

11The productivity transition matrices calculated for shorter time periods also look similar
to these presented here.
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similar. The number of the best or the worst surviving firms moving away from
their initial status group is relatively small (see Tables 5 and 6). Thus “good
firms” tend to stay “good firms” and “bad firms” either exit (Masso et al. 2004)
or stay “bad firms” if they survive. These findings are again quite similar to
those in the UK (Disney et al., 2003; Haskel, 2000). The fact that there is
significant persistence in terms of their position in the bottom quintile gives
some evidence of the abovementioned “bad” productivity spread, with some
productive resources persistently bound in low productivity firms, while they
could be used more efficiently elsewhere. Thus, clearly, this large productivity
spread has both a negative and positive component (also positive, as indeed a
lot of entries and exits of firms take place, as indicated by Masso et al., 2004).
The continued need to promote competition and keep barriers to entry or exit
low could be one policy implication from this analysis.

The main findings of this section were that there is a very large productivity
spread among Estonian firms that is larger than in Western European countries.
The sector specific factors, region specific factors and capital intensity explain
only part of the variation in terms of labour productivity or TFP. There seems
to be significant persistence in the firm’s position in the productivity distrib-
ution. One interesting finding from this section was that manufacturing firms
have significantly lower productivity variation than enterprises in the services
sectors — this may possibly be due to international competition effects as
these may be larger for manufacturing firms.

6. Analysis of selected determinants of productiv-
ity

According to the Estonian CIS-3 type innovation survey “Innovation in
Estonian enterprises in the period 1998–2000” (Kurik et al., 2002):

• one-third of enterprises developed new products or improved their prod-
ucts or technological processes during the period;

• enterprises were a bit more product innovative than process innovative;

• half of all innovators develop their innovations themselves and a quarter
in cooperation with others; 14% of all innovators introduced products
that were also new to their markets. Among the product innovators, the
share of novel innovators was 52%;

• 16% of enterprises have uncompleted projects and 4% have abandoned
their innovation projects.
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The unconditional mean analysis in Table 7 indicates that innovative firms
(firms that had product or process innovation in the years 1998–2000) had
higher productivity in 2000 than the remaining firms. Due to the limitations
of the sample data on innovative activities, only cross-section data for 2000
can be used here. The number of observations is thus significantly lower than
in former tables based on Business Register data. However, for analysis of
competition effects, the entire data on the population of firms can be utilised.

Table 7: Unconditional mean analysis of productivity according to the innov-
ativeness of the firm in the year 2000 (in thousand EEK)

As can be observed the most productive firms tend to be those that have
both product and process innovation. This finding holds for sales based labour
productivity measures and for the TFP comparison on the basis of different
groups of firms.

It may be that these differences in average productivities between these
four different groups of firms result simply from some particular sector or
region specific effects or, in the case of labour productivity, from different
capital intensities between innovative firms and non-innovative firms. To ac-
count for that, I regressed the log of the firms’ TFP (thus differences in capital
intensity between firms have been taken into account in calculating the TFP
in the first phase) on innovation dummies, control variables for sector com-
petition/concentration (the Herfindahl index) and sector and region dummy
variables (see Table 8). I include one dummy variable to indicate whether the
firm had product innovations in period 1998–2000, another to indicate whether
it had process innovations (in 1998–2000) and an interaction variable between
these two. The interaction term enables to take a look at firms that have both
types of innovation and to compare the differences in the TFP premium on the
basis of different groups of firms as in the last table, but now in the context of
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Table 8: Regression results for the year 2000, TFP premium and innovative
activities of the firm

a conditional mean analysis.

Indeed, I find that even when controlling for the sector or location specific
effects12 and competition in the sector, the innovative firms seem to have a
higher TFP than the rest. That means that the rate of return on innovating is
positive and significant, even after controlling for several other firm or sector
specific variables. Firms that have only product innovations, have a TFP pre-
mium of 15.8 per cent if compared to those that have no innovations at all,
firms that have process innovation only, have 13.2 per cent TFP premium and
these firms that report both types of innovation have 28 per cent higher TFP
level than the enterprises not reporting any innovative activities. The Herfind-
ahl index accounting for competition related effects is significant and negative
in this cross sectional regression for year 2000. This indicates that the increase
in concentration in a (3-digit level) sector is in this year negatively related to
the firm’s productivity in that sector. I put the competition effects under closer
examination in the following paragraphs based on a larger panel dataset, which
has the benefits of including the time dimension and the large number of en-
terprises into the analysis, however, unfortunately does not include panel level
information on the innovative activities of firms.

A different enterprise level dataset from the Estonian Statistical Office pro-
vides us with a limited look at the persistence of the innovative activities of
firms. It has balance sheet and income statement data for about 326 firms over
the period from 1995 to 2001. It also includes information about whether firms

12Also here in the conditional mean analysis, firms in Tallinn have on average higher TFP
than the rest.
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report R&D costs in the corresponding year. Naturally, I would have preferred
to have had a time series of information not only on innovation input (i.e.
R&D) but also for outputs, however this dataset has only information about
R&D. I look at transitions among firms over these years between categories of
firms, between groups that had some R&D expenditures and groups that had
no R&D expenditures.

Table 9: Transition matrix between firms that spend on R&D and those that do
not (1996–2001, percentages)

From this data it appears that firms not doing any R&D were not likely to
start with it during that period. Only 7.4 per cent of non-R&D firms started
to spend on R&D in the following year. In addition to that, the firms already
spending on R&D are very likely not to continue with it in the next year (48
per cent drop this activity in the next year). Based on that, and provided we
trust the data on reported R&D costs of firms13, it seems that R&D spending
has been relatively random among firms — persistence in this activity is very
low. One might have perhaps expected that R&D spending has some sunk
costs, thus forcing firms to continue with the activity in the following years in
order to gain from it. The persistence of firms based on this database is much
higher in the case of exporting and FDI, only 3.6 per cent of manufacturing
firms that exported in a given year in the period 1996–2001, drop it in the
following year. The persistence in terms of being a firm with inward FDI or
outward FDI is very similar to those exporting.

One way to improve a firm’s productivity, in addition to engaging in inno-
vation activities of its own, is certainly via knowledge diffusion. Innovation
may require considerable investments, imitation of that which is done else-
where may require significantly less. However, even in the case of imitation,
the higher absorptive capacity of the firm may be a decisive factor in benefit-
ing from external knowledge (Cohen and Levinthal, 1989). Thus in order to
benefit from external knowledge via imitation, the firm may need to invest in
knowledge creating activities. The productive knowledge may have the char-
acteristics of a public good, and thus all the benefits of innovating may not

13The data from the CIS type survey about innovations is more trustworthy, as information
on R&D spending in this small panel may not always reflect the true expenditures on R&D.
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always be reaped by the innovator itself, some of them may spill over in the
form of positive externalities to other firms that have not spent on innovating;
therefore lowering the benefits of innovating and incentives to innovate and
raising the incentive to try sourcing the same information from outside the
firm (Griliches, 1992).

Thus, imitation may be an important source of knowledge, and one may ask
which of these dominates in the case of Estonia — innovation as a source of
productivity improvements or imitation/knowledge diffusion? There are sev-
eral studies addressing international knowledge transfer in Estonia. Knowl-
edge transfer via FDI has been studied to a significant extent in Estonia (e.g.
Varblane, 2001; Vahter and Masso, 2005; Sinani and Meyer, 2004), recent
extensions (Varblane et al., 2001; Vahter and Masso, 2005) also include the
analysis of the effects of becoming involved in outward FDI. Both inward and
outward FDI have been found to be important contributors to the productivity
of the firm itself by these studies. Vahter and Masso (2005) found that the
TFP premium of the firm before receiving FDI and before becoming involved
in outward FDI was significantly lower than the TFP premium after receiving
or making FDI, thus indicating potentially positive causal effects of FDI. The
results about FDI spillovers (i.e. externalities) are however not as positive —
spillovers of FDI seem to be smaller than the direct effects on the subsidiary
or the parent of the multinational enterprise and are very likely to be specific
to the type of FDI or the type of subsidiary. These positive spillover effects
are likely to increase in the future as the Estonian economy develops, and
correspondingly the absorptive capacities of firms (needed for successfully
implementing foreign knowledge) grow.

If we compare the unconditional or conditional productivity differences: 1)
between firms that have FDI and those that have not, with 2) the differences in
productivity between innovative and non-innovative firms, we see that, based
on the findings from the Business Register database, the productivity premium
for firms that have either received or made FDI is far larger than that for inno-
vations (Vahter and Masso, 2005). However, a large part of this FDI premium
is indeed due to the self-selection effect, due to the fact that more produc-
tive Estonian firms receive FDI or are themselves able to make outward FDI
(Vahter and Masso, 2005). This self selection effect may, in fact, be at work
in the case of the innovation premium as well — the most productive firms
may possibly be able to spend more on research and development activities,
thus the TFP premium of FDI is still likely to surpass that of innovation (based
on the Innovation Survey 2000 data merged with the Business Register Data-
base). Still, both knowledge transfer via FDI and innovation are important
determinants of a firm’s productivity. However, panel data covering informa-
tion on innovation inputs and outputs over several different years could give
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more insight into the causal role of innovation in productivity upgrading in
Estonia than the cross-section analysis.

Knowledge transfer via trade in Estonia has been addressed to a signif-
icantly lesser extent. One finding by Vahter (2005), from a small panel of
manufacturing firms (326 per year, period 1996–2001), is that firms that ex-
port more than 50% of their sales had lower labour productivity than the firms
producing predominantly for the domestic market. This finding, in fact, corre-
sponds well to recent findings by Männik and von Tunzelmann (2005) that the
high-tech (HT)14 sectors had lower productivity than the other sectors in Es-
tonia. In the case of Estonia, the export platform electronics sectors dominate
the HT sector, they are often almost 100 per cent export oriented and often do
not have high productivity on average.

In Table 8 I already started to look at competition effects by including
the Herfindahl index to account for concentration effects in sectors defined
at the 3-digit level. Next, I proceeded by estimating a model similar to Nickell
(1996) and Okada (2005) based on the Estonian Business Register enterprise
level data as outlined in Section 3 and Equation 7. The model is estimated in
first differences in order to eliminate time invariant fixed effects.

The results on the role of competition effects in productivity dynamics are
presented in Table 10 for the manufacturing industry and in Table 11 for the
services sector. In the case of the manufacturing industry, we could also, in
addition to other competition related variables, include the import and export
penetration ratios at the 2-digit sector level. These are to account for the open-
ness of the sector and the foreign competition.

The only variables that have significant coefficients are the first difference
of the Herfindahl index (∆CONCjt), in both manufacturing and services sec-
tors, and in the case of the manufacturing industry also import penetration
(∆IMPORTjt). They both have negative coefficients. The coefficient of the
Herfindahl index (at 3-digit level) indicates a negative association between the
firm’s productivity and an increase in the concentration of the sector. This
might indicate a positive effect of a decrease in concentration and of a rise in
competition15. However, note that the concentration and competition may not
be the same. The relevant market may naturally not be the one defined in the
NACE classification of sectors at 3 or 4-digit level. It could also be argued
that this framework suffers from potential multi-collinearity among competi-
tion related variables. For that reason I also performed a regression analysis
separately with each individual competition “measure” included. The coeffi-

14According to the standard OECD classification of sectors by their “technology intensity”.
15However, for the analysis of causal effects of competition the GMM approach will be

more useful.
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Table 10: Productivity/competition relation in the manufacturing sector, esti-
mated in first differences (dependent variable ∆TFP )

cients stay relatively similar to the case when all are included in one equation.
The negative sign of the import penetration variable indicates a significant ef-
fect from foreign competition. The sector level export orientation variable has
a negative sign, but is not significant. Based on former findings, it could in-
deed be expected that predominantly export oriented sectors may not always
have the highest productivity in the case of Estonian data. In fact, the effect of
export orientation need not be a linear one.

The findings that the Lerner index is not significant may also possibly indi-
cate that the competition effects on productivity may not be linear. In order to
test for that, I have also tried a different specification with the squared terms of
each competition related variable included. The squared terms did not prove
to be statistically significant, except in the case of the Lerner index (the most
preferred measure of competition) in the manufacturing industry. When we
included the squared term of the Lerner index in the regression for the man-
ufacturing industry, the coefficient of the non-squared term proved to be neg-
ative and significant, the coefficient of the squared term was positive, but in
its absolute value significantly smaller than that of non-squared variable. The
total metric effect of an increase in the Lerner index (i.e. the market power)
seemed to be small and negative and also different for different values of the
Lerner index.

To sum up, I have provided some evidence, based on the present work and
on some former studies, that both innovation and diffusion of knowledge are
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Table 11: Productivity/competition relation in the services sector, estimated in
first differences (dependent variable ∆TFP )

important determinants of productivity for firms in Estonia. Based on a rela-
tively traditional framework (with additions to account for non-linear effects),
relatively similar to Nickell (1996) or Okada (2005), I have found some indi-
cation of the positive effect of an increase in competition on the productivity
of the firm. However, the present analysis also indicates the limits of address-
ing the competition effects in such an environment as it excludes the dynamic
side of competition (i.e. the entry and exit of firms, this topic has been partly
covered in a recent paper by Masso et al., 2004) or the potential competition
(the threat of entry of other firms as measures of competition). For more defi-
nite conclusions about the effect of competition on productivity, the potential
competition effects should be analysed in future.

7. Conclusions

In this paper I have described the productivity differences between firms
in Estonia and their determinants based on enterprise level panel data of the
population of Estonian firms. I have addressed, based on my own analysis
and some earlier papers, the importance of selected factors of productivity
differences and growth, such as innovation, knowledge diffusion and to some
extent also the product market competition. Advantages of the paper are that,
in addition to the manufacturing industry, I can analyse productivity in the
services sector, and I used methods that account for the endogeneity of inputs
in the regression analysis.

I have estimated the total factor productivity of firms with the Levin- sohn-
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Petrin (2003) semi-parametric procedure that controls for the endogeneity of
inputs. The results of estimating TFP with this method do indicate that the
endogeneity bias of the OLS or FE model is substantial in the case of Estonian
data. Thus, other methods for estimating the TFP may lead to biased estimates
of the coefficients of inputs and accordingly then to biased inferences about
the TFP and the role of different factors that affect the TFP of firms.

I find a huge variation in terms of different productivity indicators among
Estonian firms. The productivity spread in Estonia is much larger than in, for
example, the UK or in other Western European countries. Only a small part of
this variation can be attributed to the differences in sector specific (and in the
case of labour productivity to capital intensity of the firm) or region specific
characteristics (e.g. firms in Tallinn have significantly higher productivity than
firms elsewhere). Thus, something similar to the well-known Mandelbrot’s
fractals phenomenon seems to be at work here, the lower level of the aggre-
gation of sectors does not necessarily always have much lower variation in
terms of the productivity of the firms (see also Griliches and Mairesse, 1995).
The use of thinner slices of data does not bring about a large decline in the
observed heterogeneity of firms.

The existence of both good spread (due to the entry of high productivity
firms and the exit of low productivity firms in Estonia, as indicated in Masso
et al., 2004) and bad spread (binding resources in low productivity surviving
firms that tend not to upgrade in productivity distribution) both underline the
importance of competition and the need to upgrade the laggard firms (or ensure
the exit of the least efficient firms) in order to sustain productivity growth
in Estonia. As the findings for other countries also imply, the productivity
spreads can be a potential source of aggregate productivity improvement. This
potential stresses the importance of entrepreneurship support programs that
target the laggard firms that have some potential for upgrading and at the same
time shows the need for keeping the exiting barriers low in order not to hinder
the movement of labour and resources from low productivity firms to higher
added value creating activities.

Based on my own analysis and some other earlier studies I find that both
innovation and knowledge diffusion play a significant role as determinants of
productivity, both in the manufacturing and the services sector. The diffusion
effects seem to have been outnumbering the effects of innovation (possibly
due to general low innovative activities of firms).

The role of competition is more controversial — it seems that to some
extent the increase in local product market competition is positively related to
the TFP of firms in the sector. Still, the Nickell (1996) style method that was
used here has its disadvantages, as it does not include the dynamic (entry and
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exit of firms) and potential (threat of entry) competition into the analysis. The
next step in the analysis of the effects of competition based on Estonian data
will also include the system-GMM approach and stochastic frontier analysis
of productivity (instead of the restrictive Cobb-Douglas framework).
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Appendix 1. Descriptive statistics from the Business Register database
(labour productivity indicators)
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Appendix 2. Descriptive statistics — dynamics of the unweighted aver-
age of value added per employee in in manufacturing (in
EEK)

Source: own calculations based on database of manufacturing and services sector
enterprises from the Business Register of Estonia.
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Appendix 3. Descriptive statistics — dynamics of the unweighted aver-
age of value added per employee in services sector (in EEK)

Source: own calculations based on database of manufacturing and services sector
enterprises from the Business Register of Estonia.
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Appendix 4. Labour productivity (sales/employees) transition matrix, man-
ufacturing sector (1995–2002, percentages)
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Appendix 5. Labour productivity (sales/employees) transition matrix, ser-
vices sector (1995–2002, percentages)
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