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Abstract

Abstract

This paper explores microeconomic aspects of productivity in Croatia based on Competitiveness Research Network (CompNet) main findings. Several stylised facts emerge from our analysis. Overall, the Croatian economy
consists of a small number of highly productive firms and a large portion of relatively unproductive firms, no matter the measure used. During the Great Recession productivity in Croatia decreased and this was accompanied by
a sharper percentage point fall in the productivity of relatively unproductive firms, while top decile firms were less
hit by the recession. Our estimates show that the recession had beneficial effects on resource allocation of labour
among firms, thus increasing productivity. These benefits were especially present in the tradable sector. However,
the recession was accompanied by growing misallocation of capital, which adversely affected productivity dynamics
ubiquitously across all sectors.
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1

Introduction

1 Introduction
Economic research is quite unanimous on productivity growth being the most important driver of
long term improvements in economic standards. Similarly, productivity levels are shown to be the main determinant of large income differences among countries
(see for example, Caselli, 2005). During the Great Recession, according to multiple data sources and measures, Croatia saw large decreases in productivity. In this
study we confirm these trends and present rich evidence
on various aspects of this decrease in productivity. Usually, analysis of productivity at the macroeconomic level
hinges on aggregate statistics and averages. However,
widespread heterogeneity in performance of firms is also
well documented in the literature (Caves 1998, Bartelsman and Dooms 2000, Loof and Heshmati, 2002). This
heterogeneity usually maps into skewed distributions of
firm performance measures, which makes averages unsuitable for the description of productivity. The importance of distinguishing among the aggregates and distributions that generate these aggregates is evident in our
analysis.
In this paper we present the results of an extensive investigation of Croatian firms’ productivity done
by the Croatian National Bank under the auspices of the
ECB for Competitiveness Research Network (CompNet). The purpose of this paper is to analyse and discuss
in more detail some of the main CompNet findings in
the productivity module focusing mainly on the microeconomic aspects of aggregate productivity using firm
level data. This paper contributes to the literature with
its detailed assessments of Croatian firms’ productivity
by sectors. Furthermore, it is the first study to present

and analyse various indicators of allocative efficiency
in Croatia, through time and in comparison with other
countries. The cross-country comparability of results
was possible using the CompNet database, which ensures that empirical methodologies across countries are
synchronised.
Firstly, we document decreasing real labour productivity and total factor productivity (TFP) in Croatia during the Great Recession, according to various
sources, including our calculations. Next, we explore
the distribution of productivity across firms. Overall, the
Croatian economy consists of a small number of highly
productive firms and a large portion of relatively unproductive firms, irrespective of the measure used. The recession was accompanied by a sharper percentage point
fall in the productivity of relatively unproductive firms,
while top decile firms were less hit by the recession in
percentage terms. Total factor productivity dynamics
were more subdued across the whole distribution. Our
estimates show that the recession had beneficial effects
on resource allocation of labour among firms, thus increasing productivity. These benefits are especially present in the tradable sector. However, the recession was
accompanied by growing misallocation of capital, which
adversely affected productivity dynamics across all
sectors.
This paper is organised as follows. In the next section, a short introduction to CompNet is presented. Section 3 summarizes the productivity developments of
non-financial firms. Section 4 analyses whether resource
allocation in Croatia is efficient or not and section 5
concludes.

2 About CompNet
The CompNet1 was set up by the European Union
(EU) System of Central Banks in March 2012. Its two
main objectives were to study competitiveness in the EU
using a multi-dimensional approach (macro, micro and
cross-border levels) and to understand better the theo1

retical and empirical links among the drivers of competitiveness and macroeconomic performance for research
and policy analysis.
As a result, many research projects were published
accompanied by two databases: a diagnostic toolkit on

More information available at http://www.ecb.europa.eu/pub/economic-research/research-networks/html/researcher_compnet.en.html and http://www.compnet.org/index.php?id=239.
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competitiveness and a micro dataset. The Compendium diagnostic toolkit is a macro dataset that includes
around 100 indicators, 20 of which are novel in nature
and were developed by CompNet (for more details consult Karadeloglou et al., 2015). The micro dataset or
CompNet database is based on firm level data, described
in detail in Lopez-Garcia et al. (2014 and 2015), and
contains a comprehensive set of indicators drawn from
national sources in about twenty EU countries. In order to overcome the usual problems accompanying firmlevel data problems, which include confidentiality issues and lack of comparability across countries, in the
CompNet common methodology, protocol, computation and aggregation to sector and country level were
used to analyse the data. Since June 2015 CompNet has
been a self-governing network managed by a Steering
Committee2.
The analysis includes the majority of non-financial
corporations in the business sector3. Observed are firms
from approximately sixty NACE divisions (sectors),
which are then aggregated using different weights into
nine macro-sectors and the level of the overall econo-

my. Macro-sectors include the following: manufacturing; construction; wholesale and retail trade; transport
and storage; accommodation and food service activities; information and communications; real estate activities; professional, scientific and technical activities;
and administrative and auxiliary activities. The data
were organised in two samples: a full sample (ALL) including firms with at least 1 employee and a restricted
sample (20E) including only firms with more than 20
employees. The beginning period covered by this dataset varies from one country to another and the data are
updated annually. The most recent, 5th, vintage of the
CompNet database ends with 2013. Up to this point, the
number of EU countries4 that participated could differ
depending on the vintage and sample.
The source of Croatian firm-level data used in the
analysis is the Annual Financial Statements Registry that
Croatian non-financial companies are obliged to provide
to the Financial Agency (FINA). Due to availability, the
overall analysis for Croatia was prolonged up to 2014,
and overall results cover the period 2002-2014.

3 Productivity developments
The focus of this section is on productivity developments in the Croatian economy over the years. We
shall present the microeconomic stylised facts about productivity in Croatia resulting from the CompNet Productivity module. Dominantly, two measures of productivity were used: labour productivity (real value added
per employee in thousands of euros) and total factor
productivity (TFP). Total factor productivity (TFP) is
the portion of total output that is not attributed to measured inputs of labour and capital, which is usually estimated as a residual in a Cobb-Douglas production function. In this analysis TFP is calculated using the methodology of Wooldridge (2009)5. Since TFP is calculated

as a residual one needs to take care when interpreting
the results of this analysis due to fact that it is not clear
which portion of movements in TFP are due to other,
unmeasured, factors, such as capacity utilization, which
might play an important role.
Although, we are primarily interested in the distribution of productivity across firms, we first check
the CompNet aggregate TFP and labour productivity
calculations with available sources. Labour productivity declined between 2008 and 2014 for 1.1% according to Eurostat6 aggregate data, while in the CompNet
database a 1.3% contraction was recorded, which is very
similar. Furthermore, available estimates point to a de-

2

The network’s final report was published by ECB in 2015 (Di Mauro and Ronchi, 2015).

3

Sectors such as agriculture and fishing, mining and quarrying, manufacture of coke and refined petroleum products, gas, steam and air conditioning supply,
activities related to financial intermediation and activities related to public administration are excluded since they are often subject to various deficiencies, such as
extensive regulation, monopoly and non-market operation.

4

Austria, Belgium, Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany, Hungary, Italy, Latvia, Lithuania, Malta, Poland, Portugal, Romania,
Slovakia, Slovenia and Spain.

5

For more details about TFP computation consult Lopez-Garcia et al. (2015).

6

Available at: http://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&plugin=1&language=en&pcode=tipsna70.
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crease in TFP with the European Commission7 estimating a 10.7% decrease, while the CompNet estimate of
TFP amounts to –4.9%. It is well established that capacity utilization is pro-cyclical (Fernald and Wang, 2015),
so a sizeable portion of these dynamics may be attributed to capacity utilization. However, this needs to be left
for further research, since the CompNet database does
not contain data on capacity utilization.
The CompNet database is very suitable to describe
the productivity distribution of firms in various sectors.
The analysis in this module is performed for all NACE
sectors available across countries. As in similar research,
the results show substantial dispersion and asymmetry of
productivity across Croatian firms, with a relatively large
number of low productive firms and a smaller number of
highly productive firms. Labour productivity distribution
in Croatia is highly skewed, which is evident from the
distance of the median from the average as well as the
distance of the 90th percentile from the average in a given year. This holds for other productivity indicators as
well. Due to the richness of the dataset, which includes
sufficient moments of the productivity distribution, we
represent the density functions as well.
The features of the labour productivity dispersion
in Croatia show that 90th percentile productivity (top
productive firms) fell sharply at the start of the recession, while 10th percentile productivity (least productive
firms) decreased more in terms of percentage points.
Both changes indicate less productivity dispersion as its
standard deviation decreased. Kernel density function

also points to the accumulation of density around low
productivity levels with a long right-tail of the distribution i.e. a small share of highly productive firms. It is
interesting that during the crisis, productivity distribution slightly shifted to the left, indicating that the mass
of less productive firms increased during the recession.
Furthermore, differences among macro-sectors can also
be noticed (Figure A1).
The Figure 2 represents the distribution of labour
productivity across countries. The figure is constructed
with the use of a restricted sample (firms with more than
20 employees). In this way, countries can be compared
more reliably, since data collection and representativeness for small and micro firms vary by country. Looking
at the country mean labour productivity, CompNet firmlevel data mimic the rankings calculated at the macro
level across countries.
Nonetheless, cross-country comparisons of labour
productivity levels have to be made with lots of caution
for several reasons. First, the labour productivity measures reported above are expressed in country-specific
(thousands of) euros, while for international comparisons of productivity levels one should use purchasing
parity units. Moreover, labour productivity differences
can be largely driven by differences in capital intensity,
which varies widely (i.e. across sectors). Also, even if the
restricted sample (above 20 employees) is more suitable
for comparisons, there still remain important sample differences that might be affecting these rankings. For all
these reasons, the intention in Figure 2 is not to com-
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Figure 1 Labour productivity distribution
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Available at: http://ec.europa.eu/economy_finance/ameco/user/serie/ResultSerie.cfm.
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Figure 2 Labour productivity distribution across
countries
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The second measure of productivity that we investigated in more detail is TFP. Total factor productivity distribution also shows that there is a relatively large
number of low productive firms and a small number of
highly productive firms, but the dispersion is much less
pronounced than in labour productivity, which is also a
common result of empirical research (Bartelsman et al.,
2013). Similar conclusions can be drawn for all macrosectors within the economy (Figure A2). One should
note that comparison across countries in the case of TFP

is not possible, due to fact that each country’s TFP is estimated based on a country specific production function.
Moreover, there is also evidence of smaller productivity
dispersion in recent years, but it is less evident than in
case of labour productivity.
As we saw, there is a high degree of heterogeneity
across firms within countries and within industries in the
same country. In that manner, it is interesting to analyse
in more detail some of the features of firms from different parts of the productivity distribution. Therefore, we
will compare the behaviour of firms that are in the first
(p10), last (p90) decile and in median of the productivity distribution in their own industry over time.
The comparison between firm productivity and size
(measured in terms of the number of employees) confirms that the most productive firms in Croatia are on
Figure 4 Average size of firms in different productivity
percentile, average (2002-2014)
number of workers

pare country productivity levels, but rather to point out
that the large within-country dispersion of productivity
as well as the high skewness of the distribution is common not only for case of Croatia, but also for other European countries in the sample.
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Note: The average firm size in each percentile of the labour productivity or TFP
distribution is computed at the sector/year level.
Source: Authors' calculations based on the CompNet database (sample ALL).
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Figure 5 Evolution in different moments of the
productivity distribution
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average larger than the least productive firms, which is
in line with the findings for other countries and previous
empirical analysis (Lopez-Garcia et al., 2014, Mayer
and Ottaviano, 2008). In case of the TFP distribution,
the difference in firm size is even more evident.
In the graph below we show the dynamics of labour productivity for different groups of firms over time,
namely, the least (p10), median and most (p90) productive firms within the sector. The deterioration of labour
productivity in the post crisis period is evident for all
three groups. However, in recent years it stabilised for
median and most productive firms but continued to decline for low-productivity firms.
The results presented above emphasise the importance of reallocating factors of production towards more
productive firms so as to facilitate their growth. In following section resource allocation in Croatia is analysed
in more detail.

4 Resource allocation
In the previous section we showed that economic
activity in Croatia is generated by relatively few highly
productive firms and many low productive firms, which
also holds true for other EU countries (Lopez-Garcia et
al., 2014). This stresses the importance of the economy’s ability to enable the flow of resources to more productive firms. In other words, the market system should
enable efficient resource allocation so that better performing firms use more factors of production.
However, markets are characterised by a series
of inefficiencies, which is why resource reallocation is
often less than optimal, as confirmed in, for example,
Hsieh and Klenow (2009) and Bartelsman et al. (2013).
Resource misallocation between firms can potentially
explain large differences in incomes between countries.
Hsieh and Klenow (2009) calculate manufacturing TFP
gains of 30–50% in China and 40–60% in India if capital and labour are hypothetically reallocated to equalize
marginal products to the extent observed in the United States. However, misallocation is not static, it can
also change through time. Gopinath et al (2015), attribute the productivity stagnation in the South of Europe prior to the Great Recession to misallocation of
capital. One of the factors driving the variation of allocative efficiency across countries is, for example, the

institutional characteristics of a country (Andrews and
Cingano, 2012; Restuccia and Rogerson, 2008; Aghion
et al., 2007). In their empirical analysis, Andrews and
Cingano point to employment protection legislation and
product market regulations (including barriers to entry
and bankruptcy legislation) as determinants of allocative efficiency.
The extent to which resources are allocated efficiently across firms in Croatia becomes even more important in view of the fact that Croatia lags behind most
of its peers according to various measures of institutional development and the business environment (such as
the Doing Business index). In the following paragraphs
we assess how the allocation of resources changed during the Great Recession in Croatia.
Having established that there are noticeable differences in productivity across firms, the remainder of the
text quantifies the importance of resource reallocation
across firms for aggregate productivity level and dynamics. Two approaches are applied: assessing the contribution of resource reallocation to the level of aggregate
productivity by means of the Olley and Pakes decomposition (1996) and assessing the dynamics of misallocation of resources through measures of dispersion following Hsieh and Klenow (2009).
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4.1 Olley-Pakes decomposition

Figure 7 OP labour productivity gap in tradable and
non-tradable sectors

The Olley-Pakes (OP) decomposition divides productivity into the un-weighted average productivity
in a particular sector and the covariance between size
(measured by number of employees) of the firm and its
productivity.
yst

= /H ~
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where Hit represents the size of a firm i in industry s
and at time t, while ~it is a measure of productivity.
~ st is the unweighted average productivity in a particular industry and H st is the unweighted average size in the industry. The un-weighted average would be
equal to the average productivity if all firms were equal
in size. However, this is not the case in reality. Thus,
the OP covariance (or OP gap) term which equals
/ i ! s ]Hit - H stg]~it - ~ stg captures the extra productivity
that is associated with larger enterprises. A larger covariance implies a stronger correlation between productivity
of a firm and its size. An increase in the covariance implies that resources are distributed across firms in such a
way that more productive firms use more resources than
before. Since labour is used as a weight in OP decomposition, it can be also viewed as an indicator of efficiency
in labour allocation.
Figure 6 shows the OP covariance, evidencing that
the productivity level of the Croatian non-financial business sector was on average around 25% higher due to
larger firms employing more resources. This means that
firms of above-average productivity had more employees
than the sector average. In addition, this indicator inFigure 6 OP gap in overall economy

0.10
0.05
0.00

Non-tradables
Before recession

Tradables
During recession

Note: Before the recession refers to the years between 2002 and 2008, while during
the recession refers to the years between 2009 and 2014. Non-tradable sectors are
Construction, Accommodation and food service activities, Information and
communication, Professional, Scientific and technical activities and Administrative
and support service activities. Tradable sectors are Manufacturing with exclusion of
Manufacture of coke and redefined petroleum products.
Source: Authors' calculations based on the CompNet database (sample ALL).

creased during the recession, to some 30% of total productivity, which indicates possible positive effects of the
recession on the allocative efficiency of the Croatian
economy. These effects are visible in several countries in
the CompNet sample (Figure A3), so the Croatian case
is not unique. Similarly, the OP gap for TFP increased
during recession.
However, this increase in the allocative efficiency
during the recession shows heterogeneity across sectors.
Tradable sectors such as manufacturing experienced an
increase in allocative efficiency parallel with the recession. On the other hand, non-tradable sectors which are
usually subject to less competition, saw a decrease in the
OP gap during the recession (Figure 7).

4.2 Measures of dispersion of
marginal revenue products of capital
and labour

0.60
0.50
0.40
0.30
0.20
0.10
0.00
OP labour productivity covariance
Before recession

OP tfp covariance
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Note: Before the recession refers to the years between 2002 and 2008, while during
the recession refers to the years between 2009 and 2014.
Source: Authors' calculations based on the CompNet database (sample ALL).

Hsieh and Klenow (2009) propose a simple model
to measure misallocation of resources. In the model, an
undistorted market economy is characterised by equal
marginal revenue products of capital (labour) across
firms. In reality, economies often depart from this ideal case. Hsieh and Klenow (2009) use the undistorted
market economy as a benchmark and subject it to firm
specific policy distortions. The higher the distortions, the
larger is the variation in the marginal revenue products
across firms and hence larger misallocation.
We calculate the marginal revenue product of capital the following way:
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MRPKit =

b ) rvait
,
kit

(3)

where b is the coefficient corresponding to capital in
the estimation of TFP, rva is real value added, k is capital, i is the firm index and t is the time index. b differs
across sectors.
Analogously for marginal revenue product of
labour:
MRPLit =

~ ) rvait
,
lit

(4)

where ~ is the coefficient corresponding to labour in
the estimation of TFP and l is labour. Next, we use measures of dispersion of marginal revenue product of capital and labour. First, we calculate the firm level MRPK
and MRPL. Secondly, we calculate the within sector
standard deviation of these measures. Finally, we aggregate the sector level standard deviations using output
weights.
Figure 8 shows that the dispersion of MRPK markedly increased during the recession. This suggests that
capital was increasingly misallocated during the crisis,
which might be expected due to possible financial constraints arising during the recession. This result is similar to those from several other Eurozone countries, especially from the South of Europe (Gopinath et al, 2015).
The authors find that, prior to the crisis, increasing misallocation of capital can be connected to decreasing interest rate and capital inflows coupled with financial frictions. During the pre-recession period when there were
high capital inflows into the South these were allocated
largely to firms with high net worth, which could provide
collateral. High net worth firms could expand their capacity while potentially productive firms but with insufficient collateral could not access credit. This led to misallocation of capital which, as Gopinath et al (2015) argue, resulted in the productivity stagnation of the South
prior to the Great Recession. The case of Croatia is yet
to be studied in more detailed manner.

Figure 8 Dispersion of MRPK, MRPL
1.20
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1.05
1.00
0.95
0.90
0.85
0.80
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

MRPK

MRPL

Source: Authors' calculations based on the CompNet database (sample ALL).

However, a different trend is visible in the marginal revenue product of labour which decreased from
the start of the recession. This decline in misallocation
of labour might be connected to the fact that firms were
extensively adjusting their labour force during the recession. Furthermore, newly employed workers were
mostly employed on fixed term contracts, lowering labour adjustment costs to the firms. On the other hand,
capital is to a great extent irreversible and difficult to adjust downwards. Furthermore, bankruptcy regulation in
Croatia suffers from serious drawbacks rendering capital adjustment harder and even more costly. This implies
that labour and capital market regulation can have substantial effects on aggregate productivity and needs to be
taken into account by policymakers.
When we look at the sector composition of the
above measures it is visible that the dispersion of MRPK
increased across almost all sectors (Figure A4). On the
other hand, the dispersion in MRPL was stagnant for
some sectors, but its dynamics were driven by manufacturing, construction and a few service activities (Figure
A5).

5 Conclusion
The main CompNet contribution is a dataset that
enables better understanding of the concept of competitiveness in an individual country and also permits international comparison of a firm’s individual performance.

Other than information about sector and country averages, this dataset contains information about firm-level
performance distribution across different dimensions
(productivity, size, employments, costs, exporting activ-
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ity, etc.). The aim of this study was to provide a series of
stylised facts about underlying firm level distributions in
Croatian economy.
We show that the economy consists of a small
number of highly productive firms and a large portion
of relatively unproductive firms, which is evident in the
highly skewed productivity distribution, irrespective of
the measure used. This highlights the importance of reallocating resources to more productive firms. We quantify the dynamics of misallocation by using Olley-Pakes

References

decomposition and dispersion measures. Our estimates
show that capital was increasingly misallocated during
the recession, while labour misallocation exhibited more
favourable dynamics.
Finally, due to the results presented in this paper
we can state that aggregate indicators of productivity
developments alone can be misleading and risk yielding incomplete policy recommendations. Therefore, the
shape of the productivity distribution is also relevant and
should be taken into account.
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7 Appendix
Figure A1 Labour productivity distributions across macro-sectors
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Figure A2 Total factor productivity distributions across macro-sectors
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Figure A5 Sector dispersion of MRPL

Figure A3 OP labour productivity gap across countries
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Figure A4 Sector dispersion of MRPK
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