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Abstract

The paper investigates the statistical regularities of industry dynamics in a transition economy and its manu-
facturing industry over a six-year period of recession. The static analysis of distributions supports several 
established stylized facts on firm size and growth-rate distributions. The growth rate distribution featured 
a sequential, year-by-year procyclical change of the left side of distribution, suggesting that the more years 
an economy spends in a recession, the greater the decline in the revenue of its firms. On the “growing” side, 
the recession opened increasing growth opportunities for a small subset of small firms, while it diminished 
growth opportunities for medium and large firms. The segregation of sectors by technological intensity gives 
evidence that the high-tech sectors show upward trend of the growth rate distributions’ right side as the 
recession unfolded. Sectorial concentration ratios mostly increased, while changes in the unimodality of the 
firm-size distribution occurred at the end of the economic downturn. 
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In the past twenty-five years, the countries of 
Central and Eastern European engaged in a number 
of policy experiments in the areas of planned growth 
and transformation into competitive markets, which 
has resulted in different national economic struc-
tures and growth patterns (Stojcic and Aralica 2018). 
For transition countries, established institutions mat-
ter profoundly, as these “rules of the game” influence 
the economic outcomes at both the micro and macro 
level (Efendic & Pugh 2007). In the given institutional 
setting during the period 2006-2011, the global eco-
nomic crisis, through a series of mechanisms, namely 
a lack of credit availability and trade financing, and 
decreases in consumption and investment, had a 
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major impact on economic growth (Pop et al. 2013). 
Compared to the EU average, the higher growth of 
most of the new cohesion countries in the period 
2009-2011 was shown not to be sufficient to pro-
vide an adequate pace for convergence in the future 
(Farkas 2013). According to Carsimamovic, Vukotic 
et al. (2013) for the Western Balkan countries the af-
termath of the crisis compared to the pre-crisis peri-
od resulted in a strong decrease in real GDP growth 
rate potential, which roughly halved on average. This 
could have been the result of uncompleted regulation 
reforms, and «bank-based» financial systems that were 
predominantly foreign-owned (Farkas 2017). The lin-
gering Croatian recession (similar to Greece) revealed 
the structural infirmity of the economy, with suma 
summarum an estimated cumulative GDP decrease 
of 12% (Iootty et al. 2014). Given the importance of 
manufacturing for economic growth in developing 
countries, the aim of this paper is to analyze industry 
dynamics during the economic crisis (2009-2013) in 
the Republic of Croatia. 

In the literature on industry dynamics, investigat-
ing firm growth rate and size distributions have at-
tracted research attention over the last fifteen years. 
The focus on manufacturing sectors is common in 
firm size and firm growth distribution studies (e.g. 
Heinrich and Dai 2016; Dusch and Peng 2015), as they 
are assumed to have a leading role in the process of 
rebuilding after a recessionary period (Pisano and 
Shih 2009). Investigating empirical distributions has 
theoretical implications, as these findings place con-
straints on theoretical models (Williams et al. 2015; 
Bottazi and Secchi 2006). So far, a robust statistical 
structure has been found across countries, which in 
turn has prompted scholars to propose theoretical 
models explaining these distributions with real eco-
nomic forces as opposed to mere measurement coin-
cidence. The majority of studies on firm growth rates 
distribution were conducted in periods of economic 
prosperity, but only a small number in periods of eco-
nomic recession (Peric and Vitezic, 2016). The litera-
ture initially started to question the aggregate shapes 
of growth rate and firm size distributions in the manu-
facturing sectors (Dosi et al. 1995), as these might be 
simply due to “sheer aggregation among firms belong-
ing to different sectors characterized by different regimes 
of market interaction and of organizational and techno-
logical learning” (Dosi et al. 2010, p.1869). The primary 
question of most papers was whether firm size and 
firm growth rate distribution can survive disaggrega-
tion. Recently, Bottazzi et al. (2014) and Duschl and 
Peng (2015) highlighted the differences in manufac-
turing firms’ growth rate distributions depending on 
their context; thus, for example, a recession period in a 

transition economy and/or firm characteristics such as 
firm size and technological intensity. 

Given the OECD’s (1994, 2003)1 and 
Hatzichronoglou’s (1997) division of manufacturing 
sectors into high-, medium-high, medium-low and 
low-tech based on their “innovation input”, that is, R&D 
spending, we were interested in analyzing the behav-
ior of the firm size and growth distributions of these 
sectors during a recession. Declining production dur-
ing a recession in high-tech manufacturing sectors 
was only half as large as in the total industry (Jaegers 
et al. 2013). Along these lines, low-tech manufactur-
ing firms seem to be more affected by the crisis than 
their high-tech counterparts (Caloghirou et al. 2014). 
It is presumed that lower costs of labor have a reper-
cussion on the growth of labor-intensive and price 
competitive manufacturing sectors, while at the same 
time this does not hold for highly skilled personnel 
in knowledge and technology-driven sectors (Stojcic 
and Aralica 2018).

We seek to contribute to the literature by investi-
gating growth rate distribution evolution and the firm 
size distribution of manufacturing firms in a transition 
economy during a unique six-year recession period. 
This paper provides a model that describes the charac-
teristics of firm distributions in the case of a prolonged 
recession. For the latter we start by investigating 
whether firm size distribution at the aggregate level 
survives analysis on a finer level (NACE 3-digit). Firm 
size distribution was first analyzed using kernel den-
sity estimates at the aggregate (manufacturing) level, 
then at two categories derived from the OECD clas-
sification, high-tech (high- and medium-high firms) 
and low-tech (medium-low and low-tech firms). At the 
NACE 3-digit level, the bimodality test was applied to 
check the modes of firm size distribution at the sector 
level. In addition, the upper tail of firm size distribu-
tion was analyzed with the concentration ratio. For the 
growth rate distribution, we again used kernel density 
estimates, which were followed by an analysis of flex-
ible asymmetric exponential power (AEP) density for 
each year the economy spent in recession. These anal-
yses were conducted at the aggregate manufacturing 
level, micro/small firm level, medium/large firm level 
as well as the high- and low-tech sector levels. Finally, 
we report the change in firm growth rates at the be-
ginning and at the end of the period analyzed for the 

1  The technology-intensity classification is relative due to the 
fact that many manufacturing activities could be considered “high 
-tech”, but by looking at direct R&D intensities they are classified 
according to relatively recent R&D performance. Also, “high-tech” 
industries can produce a variety of products, ranging from “low-
tech” and “high-tech”. The idea was to create a classification for the 
OECD as a whole.
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NACE 2-digit sectors. 
The rest of the paper is structured as follows. The 

first three chapters review the literature on firm size 
distribution, firm growth rate and technological inten-
sity. The fifth chapter explains the data used and the 
sixth the study’s methods. The seventh chapter gives 
its results, while the eighth chapter discusses the re-
sults and offers conclusions.

2.  FIrm SIze DISTrIbuTIOn

Firm size distributions still seem to be not well-un-
derstood (Heinrich and Dai 2016) although they have 
been researched from many angles. Cabral and Mata 
(2003) find that the distribution of the logarithm of 
firm size is skewed to the right but evolves over time 
towards log normal, while Bottazzi et al. (2015) argue 
that the firm size distribution tail can be well explained 
by Zipf’s Law. However, there is no generally accepted 
theory of how the distribution of firm sizes emerges. 
An overview of potential candidates was given by 
Heinrich and Dai (2016) who note that firm size distri-
bution in China follows the power law, which is slight-
ly higher than those reported for other countries, and 
that firm size distributions hold for regional firm size 
distributions. Fat-tailed firm size distribution has been 
found to hold across countries and time (Zhang et al. 
2009). Other studies (e.g. Bottazzi et al. 2011, Bottazzi 
et al. 2007, Bottazzi and Secchi 2003), however, find 
this distribution to only hold on an aggregate level, 
but not on a disaggregated level. Because aggregate 
firm size distribution does not survive disaggregation, 
firm size distribution did not become as fruitful a re-
search field as growth rate distribution. 

The aforementioned researchers checked firm size 
distribution “survival” at the sectorial level using the 
bimodality (multimodality) test. This test assesses 
the modality or the “bumps” in distributions (Xu et 
al. 2014); in essence, it looks at whether the firm size 
distributions at the sector level have a single peak, 
indicating one common firm size range. Bottazzi and 
Secchi (2003) found considerable heterogeneity in 
the distribution of firm size across sectors and a high 
probability of the presence of bimodality. Bottazzi 
et al. (2007) argue that aggregate firm size densi-
ties are characterized by a right-skewed bell-shape. 
Unimodality was rejected in most sectors using dif-
ferent size measures (total sales, number of employ-
ees, and value added), although different firm size 
definitions led to different sectors being rejected as 
unimodal (Bottazzi et al. 2007). Bottazzi et al. (2011) 
further reject unimodality in 18 out of 20 sectors, 
which offers, together with the previously mentioned 

papers, robust evidence that the characteristic aggre-
gate shape of firm size distribution observed is mainly 
an outcome of aggregation.

There are several theoretical models explaining 
the shape of firm size distribution with financial con-
straints (Cabral and Mata 2003), innovation and re-
search attempts (Heinrich and Dai 2016) or the user 
base of the products (Heinrich 2013; 2014), among 
other things. However, there seems to be no econom-
ic theory on how firm size distributions behave as a re-
cession unfolds. The empirical evidence suggests that 
during recession periods firms face a drop in revenue 
(Knudsen and Lien 2014) and they seem to be more 
financially constrained (Bakke 2009; Gilchrist and Sim 
2007), while investors’ confidence and expectations 
are lower (Zenghelis 2012). While these arguments 
might lead in the direction of changes in average firm 
size as a recession unfolds, the modality should not 
change to a large extent. This should be the case, as 
many papers (e.g. Holly et al. 2012; Bottazzi et al. 2011; 
Bottazzi et al. 2007; Higson et al. 2004; Higson et al. 
2002; Bottazzi and Secchi 2003; Hardwick and Adams 
2002; Contini and Revelli 1989) find most firms’ growth 
rates to be around zero even during recessions, while 
a change of modality (e.g. from one mode into two) 
would imply the high growth/decline rates of many 
firms and/or the substantial decrease of firms with 
growth rates close to zero.

Another interesting feature is sectorial concentra-
tion, which can be explained as the analysis of the 
distributions’ upper tail. The literature is abundant in 
industrial concentration analysis (e.g. Bai et al. 2014; 
Chiang et al. 2001; Cabral 2000; Bain 1968) because 
it deals with market power. Firms with higher mar-
ket power can increase prices and lower quantities, 
leading to overall socially inefficient outcomes (Tirole 
1988), which, in an industrial organization, is often 
analyzed within the structure-conduct-performance 
(S-C-P) paradigm (see Bain 1968; Tirole 1988; Cabral 
2000). Empirically, Bottazzi et al. (2007) found that the 
sectorial concentration ratio was persistent and had 
not changed significantly in Italy during the 1989-1997 
period of their dataset. Bottazzi et al. (2011) reported 
great variations, ranging from 0.33 to 0.72, within av-
erage sector concentration in French manufacturing 
industries during the period 1996-2002. However, it 
is not straightforward as to how changes in concen-
tration ratios of different sectors should behave as a 
recession unfolds. This ambiguity stems from different 
levels of dependency on external finances in sectors 
(Braun and Larrain 2005), possible changes in regula-
tion (Tipuric and Pejic Bach 2009), industry life-cycle 
(Shapiro 2009) and numerous firm-specific character-
istics (see Bharadwaj and Varadarajan 2005). Coricelli 
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et al. (2012) reported a slight increase in industrial 
concentration as the recession unfolded. The rea-
sons for these increases in concentration ratio might 
partly be found in the S-C-P paradigm, which states 
that a higher concentration leads to higher average 
profit rates (Cabral 2000). While this paradigm ignores 
numerous firm-specific characteristics (Bharadwaj 
and Varadarajan 2005), it provides a broad guideline. 
Namely, in general, firms with higher market power 
should reap higher profits, which in a recession leads 
to the relatively higher availability of resources, mak-
ing these firms more liquid and allowing them higher 
financing opportunities, both critical components 
during recessions (Geroski and Gregg 1997). In turn, 
these firms with resources can more easily further in-
crease their market share. 

Based on our review of firm size distribution, we 
presume that the distributions in our sample will not 
survive disaggregation accompanied by a substantial 
variation in concentration ratio.

3.  GrOwTh raTe DISTrIbuTIOn

The research stream on firm growth rate distri-
butions began as a natural extension of the mas-
sive research undertaken on Gibrat’s (1931) Law of 
Proportionate effect (e.g. Mansfield, 1962; Sutton, 
1997; Audretsch et al. 1999; Calvo 2006; Lotti et al. 
2009; Coad, 2007; Fotopoulos and Giotopoulos, 2010; 
Peric and Vitezic, 2016). Scholars from industrial or-
ganizations have focused substantial efforts on study-
ing growth rate distribution as it deals with the sta-
tistical regularities of industry dynamics (e.g. Bottazzi 
et al. 2002; Bottazzi and Secchi, 2003; Reichstein and 
Jensen, 2005; Bottazzi et al, 2011; Lunardi et al, 2014; 
Duschl and Peng, 2015; Yu et al. 2015). These empiri-
cal findings then place constraints on the theoreti-
cal models, explaining firm growth in a general or in 
a specific context. The literature initially began to in-
vestigate whether growth rate distribution represents 
a normal distribution2, which was clearly rejected on 
multiple occasions (e.g. Bottazzi and Secchi, 2003; 
Reichstein and Jensen, 2005; Bottazzi et al, 2011), 
and whether aggregate growth rate distribution can 
survive disaggregation, which was confirmed (e.g. 
Bottazzi and Secchi, 2003; Bottazzi et al, 2011). It be-
came something like a stylized fact in industrial or-
ganizations that growth rate distributions are fatter 
than a Gaussian distribution, mostly resembling a 
Laplace distribution (Dosi et al. 2010; Williams et al. 

2  A feature of Gibrat’s (1931) Law is that under the central limit 
theorem growth rates should be well described by a Gaussian 
(normal) distribution.

2015), Exponential Power Distribution (Bottazzi et al. 
2014; Duschl and Peng, 2015) or even Cauchy distribu-
tion (Williams et al. 2015).

Stanley et al. (1996), Bottazzi et al. (2001) and 
Bottazzi and Secchi (2003) find that a tent-shaped 
growth rate distribution best describes the manufac-
turing industry and pharmaceutical industry around 
the globe. Giulio Bottazzi methodologically advanced 
the research on growth rates distribution by intro-
ducing a parametric approach to check whether the 
Subbotin family of distributions (Subbotin, 1923) can 
confirm fat (heavy) tailed distribution. The results 
first pointed to a symmetrical Laplace distribution in 
the Italian manufacturing sector (Bottazzi and Secchi, 
2003), but later research found somewhat asymmetri-
cal distributions in Danish and French manufactur-
ing sectors (Reichstein and Jensen, 2005; Bottazzi 
et al. 2011), with right tails being fatter than the left 
ones. This finding can be interpreted as a higher fre-
quency of high-growth events in comparison with 
high-decline events in these industries. Bottazzi et 
al. (2011) report heterogeneity between sectors and 
across studies (e.g. when compared with previous 
work in the United States and Italy; Stanley et al. 1996 
and Bottazzi et al. 2002), which is why they consider 
more research on the topic needed. Lunardi et al. 
(2014) found the Laplace distribution to be a useful 
approximation for most of the manufacturing subsec-
tors studied. However, at the sector level, there was 
no typical shape. Therefore, based on the review of 
empirical evidence we join in arguing that the growth 
rate distribution of firms, sectors and industries is still 
an open and provocative topic, with the assumption 
that the growth rate distributions in our sample will 
be heavy tailed and will survive disaggregation. 

Recently, several papers (e.g. Bottazzi et al. 2014; 
Duschl and Peng, 2015) have suggested the usage of 
a more flexible asymmetric exponential power (AEP) 
density, which takes into account the left and right 
shape and scale parameters (for details see Bottazzi 
and Secchi, 2011). In the context of this paper, the lit-
erature (e.g. Reichstein and Jensen, 2005; Bottazzi et 
al. 2014; Duschl and Peng, 2015) provides two inter-
esting findings. First, context matters for the shape 
of growth rate distributions. The most obvious differ-
ence is between distributions reported for Chinese 
firms (Duschl and Peng, 2015) and those of French 
(Bottazzi et al. 2011) or Italian (Bottazzi et al. 2007) 
firms. However, even within Europe there seem to be 
some differences. A notable difference can be seen 
between empirical findings from Denmark (Reichstein 
and Jensen, 2005), where the left tail tended towards 
a Gaussian distribution, and empirical findings from 
Italy, where the growth rates were Laplacian or thicker 
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(Bottazzi et al. 2014). Second, the basic characteristics 
of firms matter for growth rate distributions (Bottazzi 
et al. 2014; Duschl and Peng, 2015). For these reasons, 
we turn our analysis not only towards a specific con-
text, a six-year recession, but also towards high-tech 
and low-tech sectors (chapter 4) as proposed by the 
OECD (2003).

The recession-productivity growth link is described 
by the idea of creative destruction (Caballero and 
Hammour 1994). However, in addition to the effect 
of creative destruction, another interesting question 
arises in changes among those firms that were active 
prior to, but also survived, the recession (the long-
living more-efficient supply base). Empirically, Ogawa 
and Tanaka (2013) identified three shocks related to 
recession, the demand, supply, and financial shocks. 
It is well known that the great recession of 2008-2009 
hit the entrepreneurial sector worldwide, resulting in 
adverse effects on production and product lines (Liu 
2009), investments (Campello et al. 2010; Buca and 
Vermeulen 2012), performance (Akbar et al. 2013), 
sales (Cowling et al. 2015), employment (Rafferty et al. 
2013), risk tolerance (Inklaar and Yang 2012), and busi-
ness confidence (Geels 2013). Nevertheless, during 
the economic downturn firms could also invest in their 
innovation capability to strengthen their competitive-
ness for the period of economy recovery (Flammer 
and Ioannou 2015), which is in line with the pit-stop 
view of recessions (Aghion and Saint-Paul 1998). In ad-
dition, Geroski (1993) claimed that innovating firms 
were much less sensitive to cyclical shocks than non-
innovating firms. Vice versa, sometimes firms react by 
cutting back investment in innovation. This is a move 
more likely to be seen in larger-size firms with higher 
innovation intensity3. It is not completely clear, how-
ever, as to how many firms stop their on-going pro-
jects and to which magnitude they put a stop on new 
innovation projects (Filippetti and Archibugi 2011), 
which is why it is not completely clear how firm size 
and growth rate distributions change as a recession 
unfolds. Evidence from Latin America confirms that 
one in four firms4 cut back on innovation projects, 
showing significantly decreased investments in in-
novation during the 2008–2009 global crisis (Paunov 
2012).

Various national and supranational industrial and 
entrepreneurship policy frameworks (e.g. European 
Commission 2010; MINPO 2013) consider highly in-
novative SMEs the foundation of a national economy’s 
competitiveness. Although, according to Schumpeter 
(1939), innovations are not driven by patterns of 

3  In terms of share of turnover invested in innovation. 

4  The average size of a firm is 65 employees.

economic activity but, rather, technology and science 
influence entrepreneurial activity and consequently 
the business cycle, Rammer and Schubert (2016) indi-
cate that the potential threat of SMEs starting to pull 
out of innovation would cause the economy to be-
come substantially more reliant on a set of established 
large companies. Given the fact that a recession has a 
negative impact on industries more reliant on exter-
nal finance (Moore and Mirzaei 2016), it appears that 
the primary criterion for lending institutions is the size 
of the firm. Accordingly, limited access to investment 
capital surely destimulates economic growth and the 
capability of creating new jobs for micro and small 
businesses (Cowling et al. 2012). In conclusion, smaller 
firms tend to be more vulnerable due to economic 
cycles and fluctuations (Gertler and Gilchrist 1994; 
Kangasharju 2000; Hardwick and Adams 2002; Fort 
et al. 2013), with an economic recession hitting them 
harder than larger firms (Bugamelli et al. 2009; Fort et 
al. 2013; Siemer 2014). Since choices about innovation 
activities display a strong level of dependency, these 
tendencies could easily turn permanent (Rammer and 
Schubert 2016). 

Higson et al. (2002, 2004) analyzed firm-level cross-
sectional dynamics during the business cycle. These 
authors found firm growth distribution to be increas-
ingly leptokurtic and skewed during recession. In line 
with these findings, Holly et al. (2012) showed the left 
side of growth rate distribution to be more respon-
sive to a recession; in other words, it has stronger co-
movement. However, during a recession, the left side 
of growth rate distribution becomes thicker, while the 
right side becomes thinner. In other words, during re-
cession the probability mass, left of the modal value 
of the growth rate distribution, grows, while the prob-
ability mass on the right side shrinks. Even while the 
right side of the distribution is getting smaller during 
an economic crisis, there are still good opportunities 
for the entrepreneurial sector (Barlett 2008), especially 
for those firms that can identify the changes in the 
market and react promptly (Hodorogel, 2009). This is 
in line with Coad and Holzl (2012) who conclude that 
even during a recession in a declining industry, there 
will always be some firms growing fast and others si-
multaneously experiencing rapid decline. Geroski 
(1993) gives his view of why the right side of growth 
rate distribution should be smaller; namely, regardless 
of whether a firm is innovative or not, it can prosper 
during an expansion, but only a few of the more in-
novative firms can continue to do so when the go-
ing gets tough, thus implying that a recession should 
lead to the growth of fewer firms during the reces-
sion period. Taking into account the literature review 
and arguments presented, it can be stated that the 
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recession period has varying effects on firm dynam-
ics. Therefore, we can hypothesize that in our sample 
the left tail of growth rates distribution will be thicker 
and the right tail will be thinner as a recession un-
folds. Moreover, we can assume that the left tail of 
the growth rate distribution of micro/small firms will 
be thicker than the left tail of medium/large firms as a 
recession unfolds, in parallel with the presumption of 
a thinner right tail of micro/small firms compared with 
medium/large counterparts. 

4.  TechnOLOGIcaL InTenSITy anD InDuSTry 
DynamIcS DurInG a receSSIOn

Innovation undoubtedly drives economic devel-
opment. It has clearly emerged that, with regard to 
innovation investment, the crisis has not been of 
the same magnitude across all European countries. 
Filippetti and Archibugi (2011) have shown that the 
most negatively affected by the downturn were those 
EU New Member States with weaker National Systems 
of Innovation (NSI), which were catching up over the 
2006–2008 period. Conversely, Moore and Mirzaei 
(2016) found that low and lower-middle-income 
countries tend to be less affected by the crisis. In the 
process of rebuilding after the recessionary period, it 
was assumed that manufacturing would play a lead-
ing role (Pisano and Shih, 2009). However, Pisano and 
Shih (2009) claim that the focus of attention was not 
on manufacturing as a whole, but rather on a specific 
subcategory of manufacturing, namely high-tech in-
dustries. According to Hatzichronoglou (1996), highly 
technology-intensive firms innovate more and win 
new markets, using resources more productively and 
generally offering higher remuneration to the em-
ployees. In line with this assertion, from an EU policy 
perspective (European Commission 2008; 2010), pro-
moting high-tech industries through research and de-
velopment (R&D) investments is regarded as crucial to 
securing a competitive manufacturing industry. This 
reasoning has been questioned by a growing litera-
ture on the development of low-tech manufacturing, 
which emphasizes that non-R&D-intensive industries 
comprise the majority of economic activity and retain 
significant importance in European countries (Hansen 
and Winther 2011; Hirsch-Kreinsen 2008; Kaloudis 
et al. 2005). Before the 2008 economic crisis, low-
tech firms contributed approximately 55 per cent of 
the value added of total manufacturing in the EU-25 
(European Commission 2011). 

The levels of performance of high-tech sec-
tors and low-tech sectors are highly interrelated 
and interdependent. Low-tech sectors are quite 

technology-intensive, because they are significant us-
ers of the output from high-technology in their pro-
duction process (Hirch-Kreisnen and Bender 2006; 
Hansen and Winther 2011; Czarnitzki and Thorwarth 
2012). However, it should be made clear that firms 
from low-tech sectors are not passively waiting to 
be outcompeted by firms from low-cost countries, 
but employ various strategies to remain competitive 
(Hirsch-Kreinsen 2008). Moreover, the labor-inten-
sive low-tech firms of yesterday are gradually being 
replaced by low-tech firms focusing on increasing 
investments in highly-skilled labor, advanced ma-
chinery and even R&D. The implementation of new 
technologies, together with incremental innovation 
and a focus on high value-added niche markets, has 
become the key strategy of low-tech firms (Hansen 
and Winther 2014). However, does the core of tradi-
tional manufacturing sectors still consist of generally 
small Supplier-dominated firms, as Pavitt (1984) argues, 
characterized by mature process technologies with 
weak in-house R&D and engineering capabilities? 
Protogerou et al. (2013) presume low-tech markets 
are generally mature and slow-growing, with the high 
level of price competition forcing firms to focus on 
technology upgrades and improvements in process-
es, rather than on innovative projects. Accordingly, 
sectors and companies in low-tech markets have dif-
ficulties in producing extreme novelty because their 
technological knowledge and skills are cornered in 
by well-established technological trajectories (Hirsch-
Kreinsen and Schwinge 2011). As external resources 
become scarce and limited during a recessionary 
period, firms are forced to place reliance on internal 
capabilities and strategic reserves. Hence, if the inno-
vation process does indeed transform the internal ca-
pabilities of firms (habitually, strongly concentrated in 
high-tech industries), then it would be interesting to 
see the economic effects of this transformation during 
periods of adversity. Finally, the review of the litera-
ture suggests that technological intensity and sector 
characteristics should play a substantial role in deter-
mining the rate of the growth of firms. Accordingly, 
we expect that in a recessionary economic environ-
ment both tails of high-tech sectors will differ rela-
tive to low-tech sectors: high-tech sectors will have a 
thinner left tail and thicker right tail relative to that of 
low-tech sectors. That difference should become even 
more pronounced as the recession unfolds. 

5.  DaTa 
Based on the technology intensity of industries 

measured in terms of R&D intensity, the OECD (1994, 
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2003) and Hatzichronoglou (1997) has suggested 
dividing manufacturing into four groups. The R&D-
intensity indicator measures the ratio of R&D expend-
iture to the turnover of a company or to the output 
value of an industry. By means of this indicator, indus-
tries with an R&D intensity of more than 5 per cent on 
average are characterized as ‘high-tech’, those with an 
R&D intensity between 3 and 5 per cent, as ‘medium-
high-tech’, those with an R&D intensity between 3 and 
0.9 per cent are classified as ‘medium-low-tech’ and 
those with an R&D intensity below 0.9 per cent as ‘low-
tech’ (Bender 2004; Hirsch-Kreinsen et al. 2006). In this 
study, we follow the approach by Von Tunzelmann and 
Acha (2005) and Hirsch-Kreinsen et al. (2006), where 
the term ‘low-tech manufacturing’ refers to both low 
and medium-low-technology (LMT) sectors and ‘high-
tech manufacturing’ (HMT) refers to high and medi-

um-high-tech sectors. We use the Accounting Act5 

firm size definition to classify small, medium and large 
firms, which is in line with the European Commission 
(2003). Firm size and growth rate distributions were 
measured using annual data from the Financial 
Agency (FINA)6. Croatian statistics encompasses and 
covers all firms in the entire economy; all size classes, 
from the smallest firms without any employees to the 
largest firms; all legal forms, from simple limited li-
ability companies to partnerships (limited, unlimited 
and silent); and all industries, classified by activities 
in line with the NKD 2007, which is directly compa-
rable to the NACE Rev. 2 classification. Consequently, 
the Annual Financial Statements Registry is a central 
source of information on the business performance 
and financial position of legal entities that are subject 
to income taxation. 

The data series of manufacturing industries were 
transformed into real terms by deflating with the 
Industrial Producer Price Index (PPI)7 presented at 

5 The Accounting Act and indicators set out on the last day of 
the fiscal year proceeding the fiscal year for which financial state-
ments are drawn. 
(1) Small entrepreneurs are those that do not exceed any two of 
the following conditions: total assets of HRK 32,500,000.00; rev-
enue 65,000,000.00; average number of employees in the course 
of the financial year 50. 
(2) Medium-sized entrepreneurs are those that exceed any two of 
the conditions referred to in paragraph (1), but do not exceed two 
of the following conditions: total assets of HRK 130,000,000.00; 
revenue 260,000,000.00; average number of employees 250. 
(3) Large entrepreneurs are those which exceed any two of the 
conditions referred to in paragraph (2).

6 All Croatian companies are obliged to submit their annual finan-
cial statements to the Financial Agency (FINA) for the purpose of 
public disclosure by 30 June of the following year.

7 Industrial producer price indices on domestic market, according 
to MIGs 2009 and NKD 2007 divisions - Manufacturing - Croatian 
Bureau of Statistics (DZS).

the constant prices of a referent year (2005 = 100). In 
line with the conditions of Mansfield’s (1962) second 
demarcation, Audretsch and Mahmood (1994) and 
Watson (2012), the data set covers all Croatian lim-
ited liability and joint-stock firms in the manufactur-
ing industries that were active, i.e. survived, through 
the whole observed recessionary period from 2008 
to 2013. Following Iootty et al. (2014), productivity 
growth is mostly driven by the performance of sur-
vival firms. In terms of statistical relevance, we con-
sider that a balanced panel is a more reliable choice, 
as a complete panel comprises all observations for 
each individual measured at the same time points, i.e. 
it is composed only of firms that are present both at 
the beginning and at the end of the observed period. 
Obviously, the years leading to the entry and exit of 
particular firms strongly affect both tail distribution 
and represent industry dynamics more unrealistically. 
Furthermore, the approach of taking a balanced panel 
is rather usual in the literature (e.g. Bottazzi and Secchi 
2006; Bottazzi et al. 2011; Lunardi et al. 2014), with the 
addition of criteria for dropping outliers that are rath-
er low (sometimes at 50%). The final sample encom-
passed 5,762 firms observed across six years, creating 
a balanced panel data of 23,048 observations. Also, 
5,334 or 92.57% of the firms were classified as small, 
5.72% as medium-sized, and the remaining 1.70% as 
large firms. Concerning total GDP, the contribution of 
the Croatian manufacturing industry in the observed 
period varies around 12%, and the share in total em-
ployment is around 17% (DZS, 2016).

6.  meThODS

We relied heavily on the work of Bottazzi and 
Secchi (2011). The measure of size is defined as a loga-
rithm with base 10 of the firms’ revenues.

Following the work of Holly et al. (2012), the growth 
rate of the firm i is defined as the difference between 
firm i’s size at time t and its size at time t-1.

We used the Binned Kernel Density Estimate to 
analyze the distributions of firm size and growth rate. 
This estimate can be simply described as a smoothed 
version of the histogram (Bottazzi et al. 2011). 

where s1(t), . . . sn(t) are the firm-level observa-
tions. Parameter h (bandwidth) controls the degree 
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of smoothness of the density estimate, while K repre-
sents the kernel density8. It should be noted that the 
literature finds the choice of K as a problem of less 
importance (Guidoum 2015). We follow previous work 
in industrial organization (e.g. Bottazzi et al. 2011; 
Cabral and Mata 2003) and set the kernel function to 
always be the Gaussian density, although we also use 
the Epanechnikov density, which does not change the 
results. On the other hand, selecting the bandwidth h 
is particularly important. Namely, if the choice of h is 
too small, the estimator will be under-smoothed and 
thus have high volatility, while if it is too big, the es-
timator will be over-smoothed and will not represent 
the distribution one is trying to estimate. One of the 
reasons Stark (2008) describes choosing the band-
width as a “black art” is the many different approaches 
to calculating it,9 with no clear instructions on which 
approach is best (see Deng and Wickhman 2011). We 
choose bandwidth parameter h using the function 
density that follows Silverman’s (1986) procedure in 
the statistical program R.10

To analyze whether distributions at the disaggre-
gate level (NACE 3-digit) are well represented by the 
aggregate distribution we use the bimodality test.11 
We apply Silverman’s bootstrap test for multimodality 
with Hall-York’s calibration (Hall and York 2001). This 
test assesses the modality or the “bumps” in distribu-
tions (Xu et al. 2014; p. 175). Our H0 is that the number 
of modes is 1; therefore, if the p values are lower than 
0.05, the analyzed distribution is unimodal; however, if 
the p values are greater than 0.05, the distribution has 
more than one mode. To analyze the upper tail of firm 
size distribution we use the concentration ratio. As 
we have a comprehensive dataset, the concentration 

8  Some frequent kernel functions are: Gaussian, Epanechnikov, 
Uniform, Triangular, Triweight, Tricube, Biweight and Cosine.

9  E.g. Silverman (1986) elaborates on the following: subjective 
choice; reference to a standard distribution; least-squares cross-
validation; likelihood cross-validation; the test graph method and 
internal estimation of the density roughness. Guidoum (2015) 
elaborates on optimal bandwidth with asymptotic mean integrat-
ed squared error; maximum likelihood cross-validation; unbiased 
cross-validation; biased cross-validation; complete cross-valida-
tion; modified cross-validation and trimmed cross-validation.

10  R version 3.3.0., package stats, function density

11  We analyze the growth rate distributions at NACE 2-digit level 
and firm size distribution at NACE 3-digit level. Quite a few NACE 
3-digit sectors did not have enough observations for the analysis 
of growth rate distributions with asymmetric exponential power 
family of densities. For this reason, the analysis of growth rate dis-
tributions was undertaken at a more aggregate NACE 2-digit level. 
However, this was not an issue for the analysis of firm size distribu-
tions and in order to provide more meaningful information (e.g. 
on industry sectors’ concentration ratios) we undertake the analy-
sis of firm size distributions at NACE 3-digit level. 

ratio is defined as the market share (proxy is revenues) 
of the four largest firms in a NACE 3-digit sector.

where C4 is the sum of the market shares of the top 
four firms in a particular sector, while Cn is the total 
market share of our balanced samples12 within a par-
ticular NACE 3-digit sector in the database. It should 
be highlighted that we are analyzing concentration 
ratios of only those firms that were active three years 
prior to the recession and only those that survived 
the recession. In other words, we are analyzing only 
the long-living firm base and their changes in market 
power. 

Finally, we used the Asymmetric Exponential Power 
(AEP) family of densities (see Bottazzi and Secchi 2011) 
to analyze the growth rate distributions. 

where               is the Heaviside theta function and 
the normalization constant C reads: 

The principal parameters of interest are the loca-
tion parameter m, two scale parameters αl and αr as 
well as two shape parameters bl and br (where l stands 
for left and r stands for right).

Analysis was conducted via the statistical pro-
gram R and subbotools package in the Cygwin 
environment.13 

7.  reSuLTS
7.1.  aggregate properties

This section encompasses the parametric and non-
parametric statistical analysis of firm size distribution 
and firm dynamics considering aggregated and dis-
aggregated data, i.e. all manufacturers as well as sub-
samples of micro and small, medium and large enter-
prises. Additional emphasis in the research was given 
to the low-tech and high-tech manufacturing sectors. 
To begin with, we explore the descriptive statistics of 
firm size and growth distribution on the aggregated 
and disaggregated levels (see Appendices 1 & 2). 

12  We analyze a balanced panel, which leaves out data on firm 
entry and exit.

13  We thank Giulio Bottazzi for making the program ‘subbotools’ 
available. Web page link: 
http://cafim.sssup.it/~giulio/software/subbotools/ 
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Considering firm size distribution, the mean is less 
than (to the left of ) the median, indicating a nega-
tively skewed distribution which corresponds with 
negative skewness (Table 1). Negative skewness can 
indicate (e.g. for a unimodal distribution) that the tail 
on the left side of the probability density function is 
potentially longer or fatter than the right side. A large 
positive kurtosis value implies leptokurtic distribution. 
Leptokurtic is a statistical distribution resulting in a 
higher peak and fatter tails than the curvature found 
in a normal distribution. 

Kurtosis is more influenced by scores in the tails of 
a distribution than by scores in the center of a distri-
bution (DeCarlo 1967). Considering growth dynamics 
(Table 2), high kurtosis motivated us to investigate 
outliers. We found several outliers on the left and the 
right side of distribution, and while observing fur-
ther “movement” after one year of exponential fall or 
growth, we decided to keep them in the sample as the 
realistic influencer of tail “heaviness”. Regarding skew-
ness, aggregated and disaggregated levels reflect vol-
atility, which emphasizes the need for further analysis.

The left and right tails of the growth rate distribu-
tion at the aggregate manufacturing level are much 
thicker than the Laplace tails, which is in line with 

the previous work of Bottazzi et al. (2011), but differ-
ent from the findings of Bottazzi et al. (2001), Bottazzi 
and Secchi (2003), Reichstein and Jensen (2005) or 
Duschl and Peng (2015). The reasons for such differ-
ences might lie partly in the sample analyzed, as our 
sample included micro firms, whereas many other 
papers exclude a significant number of micro firms 
(e.g. Reichstein and Jensen 2005; Bottazzi et al. 2011; 
Duschl and Peng 2015). Furthermore, two different 
patterns in the skewness of the manufacturing firms’ 
growth rate distribution arise during recession at the 
left- and right-hand sides. For manufacturing firms, we 
observe that the left tail thickens as years spent in re-
cession increase (Table 3). There is a clear sequential 
drop of the left shape parameter βl in the period 2009-
2013 (βl decreases from 0.6606 to 0.4556), while at the 
same time the left scale parameter αl is more volatile 
(αl first decreases two years in a row and then increas-
es two years in a row; but there is an overall upward 
movement). Therefore, when comparing manufac-
turing firms with negative growth rates across years, 
the more years an economy has spent in the reces-
sion, the greater the probability that it will see high-
decline manufacturing firms. The pattern is very simi-
lar when one breaks down the analysis of growth rate 

Table 1:  Low-tech and high-tech sector descriptive statistics of s(t) in different years

Manufacturing - aggregate
Year Mean Median SD Skewness Kurtosis
2008 6.26953 6.304563 0.9799182 -0.6354091 6.021808
2009 6.207508 6.23725 0.9771905 -0.5064604 5.360391
2010 6.137863 6.163307 0.9902855 -0.3828825 4.692557
2011 6.102147 6.12896 1.013209 -0.4293702 4.907135
2012 6.032132 6.075791 1.068023 -0.5993477 5.235905
2013 5.992251 6.051967 1.127783 -0.7622065 5.562448

High-tech sectors - aggregate
2008 6.364792 6.39033 1.001704 -0.4381354 5.13264
2009 6.29188 6.315677 1.022065 -0.555275 5.484447
2010 6.243579 6.260734 0.9999699 -0.1691724 4.046378
2011 6.209594 6.212173 1.026665 -0.2642268 4.248362
2012 6.1456 6.18867 1.079524 -0.4380452 4.470321
2013 6.117755 6.153674 1.129649 -0.6597026 5.228961

Low-tech sectors - aggregate
2008 6.247738 6.287057 0.9736657 -0.691006 6.242291
2009 6.188224 6.212326 0.9657201 -0.5015346 5.332516
2010 6.113697 6.143598 0.9865764 -0.4376174 4.832619
2011 6.07754 6.100079 1.008603 -0.4740979 5.060479
2012 6.006205 6.050226 1.063797 -0.6430537 5.416232
2013 5.963495 6.020504 1.125508 -0.7907447 5.645015

Note:  Size measured in terms of total sales.
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distribution to micro/small and medium/large manu-
facturing firms (Table 4). The main difference is the 
higher magnitude of βl decline among medium/large 
sized manufacturing firms. Intuitively, the reasons for 
such a sequential drop can be found in the phenom-
enon of recession. Namely, recession is characterized 
by a drop in demand and a drop in investments; as an 
economy spends more time in recession, consump-
tion further declines, and this signals information to 
the economic agents interpreted as lower expected 
profits. Fueled with this information, economic agents 
are resistant to take risks and invest, thus experiencing 
further sales declines. 

As opposed to the left side of the manufacturing 
firms’ growth rate distribution, where a clear sequenc-
ing of βl is observed, the right shape parameter is 
more volatile. Namely, βr slightly drops in 2010, fol-
lowed by an increase in 2011, and then two sequential 

decreases in 2012 and 2013. However, in the period 
2009-2013 there is an overall decrease of the right 
shape parameter βr (from 0.5196 to 0.4970), while the 
right scale parameter αr is quite stable (between 0.10 
and 0.11). Although parameters are somewhat vola-
tile, as the recession unfolds there is a slight increase 
in the probability for an economy to experience high-
growth manufacturing firms. However, it should be 
said that, when comparing the left and right-hand 
side of the distribution, it is evident that a change of 
higher magnitude appears as the recession unfolds 
within the group of declining firms. When analyzing 
micro/small and medium/large manufacturing firms, 
the pattern of the change in βr is the same for micro/
small firms, but not for medium/large firms. Namely, 
the medium/large manufacturing firms’ βr is vola-
tile, but it overall increases as the recession unfolds. 
Therefore, there is a slight decrease in the probability 

Table 3:  Maximum likelihood parameter estimates of the AEP parameters for manufacturing firms 2009-2013 

NACE class βl βr αl αr m LL

Manufacturing aggregate 
2009

0.6606
(0.0167)

0.5196
(0.0127)

0.1424
(0.0031)

0.109
(0.0029)

-0.0094
(0.0004)

-0.1716

Manufacturing aggregate 
2010

0.5807
(0.0142)

0.5149
(0.0127)

0.1378
(0.0031)

0.1042
(0.0028)

-0.0217
(0.0003)

-0.1619

Manufacturing aggregate 
2011

0.5404
(0.0130)

0.5746
(0.0147)

0.1298
(0.0031)

0.1081
(0.0026)

-0.0153
(0.0005)

-0.1784

Manufacturing aggregate 
2012

0.5032
(0.0118)

0.5257
(0.0132)

0.1368
(0.0033)

0.103
(0.0027)

-0.0200
(0.0001)

-0.1335

Manufacturing aggregate 
2013

0.4558
(0.0104)

0.497
(0.0124)

0.1527
(0.0039)

0.1136
(0.0030)

0.0052 0.0056

Table 2:  Low-tech and high-tech sectors descriptive statistics of g(t) in different years 

Manufacturing - aggregate
Year Mean Median SD Skewness Kurtosis
2009 -0.06063243 -0.04720485 0.3982013 2.828027 77.77032
2010 -0.0729732 -0.0493011 0.3954355 0.8830619 54.16745
2011 -0.04313447 -0.022365 0.3619197 -1.844012 43.04946
2012 -0.06962248 -0.03358427 0.4226338 -2.07218 43.16368
2013 -0.05295978 -0.005231584 0.5193874 -2.374487 37.54963

High-tech sectors - aggregate
2009 -0.07296 -0.04884 0.3298517 -0.1540847 53.44401
2010 -0.05020 -0.04728 0.3679236 3.723896 62.22807
2011 -0.03861 -0.02018 0.3040071 -3.816005 46.54264
2012 -0.06602 -0.02898 0.4190442 -1.392038 38.49361
2013 -0.03602 -0.01012 0.4604368 -2.607384 41.44507

Low-tech sectors - aggregate
2009 -0.05781 -0.04708 0.4122256 3.143023 78.1172
2010 -0.07818 -0.04992 0.4013184 0.3887274 52.57042
2011 -0.04417 -0.02258 0.373944 -1.582887 41.78391
2012 -0.07045 -0.03514 0.4234893 -2.22231 44.17529
2013 -0.056840 -0.004238 0.5319451 -2.324353 36.60775
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that an economy will see high-growth medium/large 
manufacturing firms. 

For manufacturing firms in low-tech sectors, we 
observe that the left tail thickens as years spent in the 
recession increase (Table 5). There is a clear sequential 

drop of the left shape parameter βl in the period 
2009-2013 (βl decreases from 0.6468 to 0.4578), while 
at the same time the left scale parameter αl is more 
volatile, although overall there is upward movement. 
Therefore, when comparing manufacturing firms from 

Table 4:  Maximum likelihood parameter estimates of the AEP parameters for micro/small and medium/large manufacturing 
firms 2009-2013

NACE class βl βr αl αr m LL

Manufacturing micro & small 
2009

0.647
(0.0174)

0.5371
(0.0142)

0.1476
(0.0034)

0.1137
(0.0031)

-0.0151
(0.0006)

-0.1266

Manufacturing micro & small 
2010

0.5889
(0.0153)

0.5038
(0.0130)

0.1468
(0.0035)

0.1109
(0.0032)

-0.0215
(0.0002)

-0.1023

Manufacturing micro & small 
2011

0.5218
(0.0130)

0.5998
(0.0164)

0.1368
(0.0035)

0.1178
(0.0030)

-0.0296
(0.0004)

-0.1173

Manufacturing micro & small 
2012

0.5067
(0.0125)

0.5307
(0.0141)

0.1474
(0.0038)

0.111
(0.0030)

-0.0227
(0.0002)

-0.0622

Manufacturing micro & small 
2013

0.4616
(0.0112)

0.4973
(0.0131)

0.1656
(0.0045)

0.1225
(0.0034)

0.0052 0.0816

Manufacturing medium & large 
2009

1.27
(0.1063)

0.3864
(0.0269)

0.1343
(0.0068)

0.0936
(0.0117)

0.0431 -0.6350

Manufacturing medium & large 
2010

0.9078
(0.0833)

0.7639
(0.0704)

0.0846
(0.0055)

0.0667
(0.0046)

-0.0064
(0.0043)

-0.8186

Manufacturing medium & large 
2011

0.7904
(0.0677)

0.6266
(0.0502)

0.0731 
(0.0047)

0.0639
(0.0046)

0.0187 
(0.0021)

-0.8513

Manufacturing medium & large 
2012

0.6568
(0.0537)

0.8233
(0.0747)

0.0641
(0.0045)

0.0646
(0.0043)

-0.0253
(0.0025)

-0.9267

Manufacturing medium & large 
2013

0.6713
(0.0555)

0.6076
(0.0504)

0.0718
(0.0050)

0.0594
(0.0045)

0.0206
(0.0016)

-0.8404

Table 5:  Maximum likelihood parameter estimates of the AEP parameters for the firms in the low-tech and high-tech sectors 
2009-2013

NACE class βl βr αl αr m LL

Low-tech aggregate 
2009

0.6468
(0.0181)

0.5149
(0.0138)

0.1389
(0.0034)

0.1099
(0.0032)

-0.0127
(0.0003)

0.6468
(0.0181)

Low-tech aggregate 
2010

0.5682
(0.0153)

0.514
(0.0141)

0.1392
(0.0035)

0.1021
(0.0030)

-0.0217
(0.0003)

-0.1578

Low-tech aggregate 
2011

0.532
(0.0141)

0.5651
(0.0160)

0.1304
(0.0035)

0.108
(0.0029)

-0.0155
(0.0004)

-0.1689

Low-tech aggregate 
2012

0.4992
(0.0129)

0.537
(0.015)

0.1371
(0.0037)

0.104
(0.0029)

-0.0244 -0.1318

Low-tech aggregate 
2013

0.4578
(0.0116)

0.4827
(0.0132)

0.1559
(0.0044)

0.1124
(0.0034)

0.01182 0.0203

High-tech aggregate 
2009

0.6909
(0.0410)

0.5672
(0.0341)

0.1529
(0.0075)

0.1045
(0.0063)

-0.0055
(0.0017)

-0.1710

High-tech aggregate 
2010

0.6779
(0.0405)

0.5154
(0.0285)

0.1344
(0.0068)

0.1149
(0.0070)

-0.0172
(0.0008)

-0.1864

High-tech aggregate 
2011

0.5268
(0.0283)

0.7477
(0.0471)

0.1278
(0.0074)

0.1206
(0.0060)

-0.0422
(0.0011)

-0.2228

High-tech aggregate 
2012

0.4982
(0.0271)

0.4891
(0.0278)

0.134
(0.00758)

0.0992
(0.0062)

-0.0085 -0.1446

High-tech aggregate 
2013

0.4716
(0.0249)

0.539
(0.0307)

0.1386
(0.0083)

0.1184
(0.0068)

-0.0119 -0.0617
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low-tech sectors with negative growth rates across 
years, the more years an economy has spent in the re-
cession, the greater the difference between negative 
growth rates across years. Among high-tech sectors, 
the same sequential drop is reported for βl, while αl 
is volatile but decreasing. In the case of a prolonged 
recession there are an increasing number of high-
declining firms and a higher magnitude of high de-
cline in sales, which is linked to the performance of 
the entire economy. Declines in sales are the result of 
the decreased demand faced by firms and the high 
uncertainty of expected profits, which lead to lower 
investments that can be further enhanced with credit 
market imperfections. Given the interdependence 
of sectors in the economy, these slowdowns and de-
clines in sales of all firms’ sizes can be very harmful. 
Due to decreased demand, firms’ unused capacity and 
inventories increase, thus revenues decrease. At the 
same time this also affects their suppliers and leads 
to a downward spiral. Following the demand decline, 
firms could cut back on employment and minimize 
expenditures for marketing and advertising, invest-
ments in research and development, stop acquiring 
new equipment, and halt new product development. 

As opposed to the left side, where the clear se-
quencing of βl is observed, the right shape param-
eter of low-tech manufacturing firms is more vola-
tile. Namely, βr slightly drops in 2010, followed by an 
increase in 2011, and then two sequential decreases 
in 2012 and 2013. However, in the period 2009-2013 
there is an overall decrease of the right shape parame-
ter βr (from 0.5149 to 0.4827), while the right scale pa-
rameter αr is quite stable (between 0.1021 and 0.1124) 
for low-tech sectors. On the other hand, the change 
of βr from high-tech manufacturing firms’ growth rate 
distribution is more volatile, when compared with that 
of low-techs, while αr is volatile (but overall increas-
ing). However, it should be said that, when compar-
ing the left and right hand side of the high-tech and 
low-tech distribution, change of a higher magnitude 
appears in the group of declining firms. Thus we ob-
serve heterogenous right tail change, which is driven 
by firms that managed to acquire some of the custom-
ers from declining firms, exploit new business oppor-
tunities in foreign markets, or successfully introduced 
innovations. Our analysis is explorative and identify-
ing which growth triggers explain right tail change in 
different years is outside the scope of this research.

7.2. Sectorial properties

Following previous work in the field, for robust-
ness we analyze growth rate distribution at a finer 

level, namely at the NACE 2-digit sectors (Appendix 
3). Growth rate distributions survived disaggregation, 
in line with previous papers (Reichstein and Jensen 
2005; Bottazzi and Secchi 2006; Bottazzi et al. 2011). 
In the high- and low-tech NACE 2-digit sectors, as was 
the case at the aggregate level, the growth rate dis-
tributions were mostly thicker than the Laplace. We 
also undertake the same analyses based on a different 
growth rate definition, that is, ((Sizet-Sizet-1)/Sizet-1), 
although the results stay similar and do not change 
our conclusions14. 

The change of βl at the high- and low-tech aggre-
gate level had a clear sequential drop during the re-
cession, which can be also seen when comparing the 
change of βl at the NACE 2-digit sectors. Namely, 3/4 
high-tech sectors experienced a thickening of the left 
tail and only one a thinning of the left tail when com-
paring 2009 and 2013. In low-tech sectors, the left tail 
was thicker in 15/16 cases and thinner in only one sec-
tor during the recession. Therefore, the change of βl 
as the recession unfolds at the aggregate level seems 
to hold also at a finer level. On the other hand, βr was 
volatile at the aggregate level of both high- and low-
tech sectors but the movement showed an overall de-
crease. At the NACE 2-digit level, βr thickened in 2/4 
high-tech sectors, while in 2/4 high-tech sectors it 
became thinner when comparing the years 2009 and 
2013. There was a thickening of βr in 11/16 low-tech 
sectors and a thinning of the right tail in 5/16 sectors. 
While there are differences, it can be stated that βl 
gets thicker as the recession unfolds, as does βr ; how-
ever, the empirical findings are less convincing for the 
right tail.

We also analyze firm size distribution at an even fin-
er level, namely the NACE 3-digit sectors. Appendix 4 
shows the mean size of sectors in 2008 (the year when 
the recession started) and in 2013 (the last year of our 
sample; the Republic of Croatia had been officially in 
a recession during the whole period 2008-2013). Out 
of the nine high-tech sectors analyzed, eight had a 
significant decrease in mean size, while only one had 
an increase. On the other hand, out of the 33 low-tech 
sectors analyzed, nine had an increase in mean size, 
while 24 sectors had a decrease. 

With regard to the concentration ratios, both the 
high- and low-tech sectors vary greatly in concentra-
tion ratios, in line with the previous findings in the 
topic (Bottazzi et al. 2007; Bottazzi et al. 2011). In the 
high-tech sector the average concentration ratio in the 
2008-2013 period varied from 0.2615 to 0.9333, while 
in the low-tech sector it varied from 0.2570 to 0.9670. 
When comparing 2008 and 2013, the concentration 

14  Results are available upon request.



Investigating industry dynamics in a recessionary transition economy

55South East European Journal of Economics and Business,  Volume 13 (1) 2018

ratios in high-tech sectors increased in 5 of the 9 sec-
tors analyzed, 3 of the 9 sectors had a decrease, while 
1 of the 9 remained the same. On the other hand, low-
tech sectors featured an increase in the concentration 
ratios of the top four firms in 22 of 33 sectors, 4 of 33 
sectors had a decrease in concentration ratio, while 7 
of 33 remained the same. Acknowledging this is just 
a descriptive statistic, it seems the upper tail tends to 
be more concentrated as the recession unfolds, in line 
with Bottazzi et al. (2011). 

Finally, a more robust statistic of firm size distribu-
tion, namely bimodality, is given in Appendix 4. The 
aggregate firm size distribution in most cases does 
not survive disaggregation, which is in line with pre-
vious work. However, modalities seem to change in 
some sectors as the recession unfolds. During the 
period analyzed, 6 of 9 high-tech sectors remained 
multimodal, while a change in modality appeared in 
3 of 9 sectors. More precisely, firm size distributions 
in 2 of 9 sectors were unimodal in 2008, but became 
multimodal in 2013 after five years of recession. Also, 
in one high-tech sector, firm size distribution was ini-
tially multimodal, and then became unimodal. Fifteen 
of 33 low-tech sectors remained multimodal and 4 of 
33, unimodal. A change in modality was found in 14 
of 33 sectors analyzed. Namely, in 2008, the firm size 
distribution of 9 of 33 low-tech sectors had a unimod-
al shape, while after five additional years in recession 
these nine sectors had a multimodal shape. On the 
other hand, 5 of 33 sectors had a multimodal shape 
in 2008, leading to unimodal shapes in 2013. While we 
did not find a general empirical change of firm size 
distribution modes, we did, however, find that almost 
half of the low-tech sectors and one-third of the high-
tech sectors changed their firm size distribution mo-
dality as the recession unfolded. Why this happens is 
a puzzling question, and one which points to a clear 
direction for future research.

8.  DIScuSSIOn anD cOncLuSIOn

Bottazzi and Secchi (2006) proposed a firm com-
petition model with an upfront given number of busi-
ness opportunities available to firms. These compet-
ing firms differ in the model, based on their previous 
success in exploiting opportunities, which gives them 
a higher possibility of exploiting new opportunities. 
This way, the authors theoretically explain the exist-
ence of a heavy tailed firm growth rate distribution. 
In a similar light, Cabral and Mata (2003) proposed 
their model of the evolution of firm size distribution, 
which asserted financial constraints as the primary 
force of this evolution. Both of these papers emerged 

following previous empirical contributions by authors 
in the field. We investigate the statistical regularities 
of industry dynamics in the manufacturing industry 
during a unique six-year recession period. The reces-
sion period is a very intriguing phenomenon because 
it represents an external shock to the firms’ environ-
ment, forcing them to discover new ways of using cur-
rent capabilities, routines or create new capabilities. 
While most firms can prosper in a growing and stable 
market, not everyone can prosper during an econom-
ic downturn. Ogawa and Tanaka (2013) found three 
shocks related to recession: demand, supply, and fi-
nancial shocks. We investigate whether a possible mix 
of these shocks contributes to a change in firm distri-
butions as the recession unfolds. That being said, our 
primary research interest was the nature of growth 
rate distribution during the recession at the aggregate 
and disaggregate levels, and was accompanied by an 
investigation of firm size distribution. Finally, given 
the differences in R&D intensity and internal capabili-
ties, we place special emphasis on the low-tech and 
high-tech manufacturing sectors, as proposed by the 
OECD classification. 

On a general level, we confirm several findings 
previously established in the literature: that the ag-
gregate firm size distribution does not survive disag-
gregation, the upper tail - concentration ratio varyies 
greatly, and that growth rate distributions are heavy 
tailed and survive disaggregation. We give further 
support to closing the question on the symmetry of 
the growth rate distribution tails; that is, the tails were 
not symmetric as initially proposed (Stanley et al. 
1996; Bottazzi et al. 2001; Bottazzi and Secchi 2003) 
but asymmetric (Reichstein and Jensen 2005; Bottazzi 
et al. 2011). Lastly, the Laplace distribution is not the 
best approximation. In most cases the growth rate 
distribution tails were quite thicker than the Laplace 
distribution at the aggregate and disaggregate levels, 
which is similar to results found in the French manu-
facturing industry (Bottazzi et al. 2011) but also dif-
ferent from the results found on the sample of manu-
facturing industries in Italy (Bottazzi and Secchi 2003), 
Denmark (Reichstein and Jensen 2005), China (Duschl 
and Peng 2015) or the publicly quoted manufactur-
ing firms in the United States and the European Union 
(Lunardi et al. 2014). As was found by Reichstein and 
Jensen (2005), the right tail was thicker than the left 
tail at the beginning of the recession period; how-
ever, by the end of the period analyzed, the left tail 
was thicker than the right tail of the growth rate 
distribution. 

The pervasive effect of recession led the left tail to 
diminish quite below the beta value of one. This holds 
true for the general sample of manufacturing firms 
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and for the subsamples of micro and small, medium 
and large, low-tech, high-tech firms, and at the disag-
gregate level. Our results suggest that the more years 
an economy spends in recession, the greater the de-
cline in the left tail, which is in line with the work of 
Holly et al. (2012) and the previous work of Higson 
et al. (2002, 2004). It should be highlighted that the 
strongest magnitude in decline of the left tail was 
among medium and large manufacturing firms. Holly 
et al. (2012) suggest that such left tail evolution is due 
to the higher financial constraints of those firms that 
have experienced sales decline, that is, firms with de-
clining sales are less and less attractive to credit lend-
ers as its years in the recession increase. These rapidly 
declining firms affect the left tail of the growth rate dis-
tribution, and thus the distribution becomes increas-
ingly heavy-tailed. From an evolutionary perspective, 
it can be said that a recession necessitates a change in 
routines; if these are not successfully modified, a de-
cline in revenue occurs, which then leads to reduced 
attractiveness for credit lenders, supporting a further 
negative spiral in firm performance. In addition, given 
that firms interact in the market, as suppliers, part-
ners or just observers, these interactions lead to what 
Keynes calls animal spirits, supporting the bear mar-
ket. Along this line, Holly et al. (2012; p.1) show that 
changes in growth rate distributions can act as a lead-
ing variable in explaining the business cylce and is an 
important propagator of business fluctuations. Future 
researchers are encouraged to tackle this question. 
To do so, a longer panel, including pre-recession and 
post-recession periods, will be necessary.

We now turn to the right tail of the growth rate 
distribution. The right tail is quite thicker than the 
Laplace, and its behavior paints a different picture 
when compared to the left tail. The manufacturing 
industry’s right shape parameter is volatile but de-
creasing overall, similar to the subsample of micro 
and small firms, low-tech and high-tech sectors, and 
different from the subsample of medium and large 
firms, whose right shape parameter is volatile but in-
creasing. The medium and large manufacturing firms 
differ from the rest of the sample not only in the right 
shape parameter but in the right width parameter 
as well. Thus, it seems that the recession has a differ-
ent effect on medium and large firms from the right 
hand side of the firm growth rate distribution. Our 
results point to asymmetric microeconomic volatil-
ity during an economic downturn, in line with Holly 
et al. (2012). The left tail shows procyclical movement 
during the recession, sequentially decreasing during 
the whole recession period, which is accompanied 
by a volatile but overall increasing left width param-
eter, except in the case of medium and large firms. 

Thus, there seems to be a kind of mechanism with a 
non-linear response to economic downturns. As the 
recession unfolds, there are an increasing number of 
small firms with high-growth rates and a decreasing 
number of medium and large firms with high-growth 
rates. Thus, the growth-opportunities for medium and 
large firms seem to be decreasing, while the oppor-
tunities for few innovative small firms are expanding. 
This is in line with the creative destruction proposed 
by Schumpeter’s (1934). Future research on the busi-
ness models of the medium and large firms and their 
vulnerability to external shocks are encouraged.

In light of the policy focus towards the high-tech 
sectors, we look at the growth rate distribution evo-
lution of the subsample of the high-tech and low-
tech manufacturing sectors. The left tail parameter 
had a similar change in both the low-tech and high-
tech sectors as a recession unfolded. However, the 
left width parameter had volatile but opposing over-
all movement. The high-tech sectors had an overall 
decrease in the left width parameter, implying that 
there were fewer firms on the left side of the modal 
growth rate as a recession unfolded. The right shape 
parameter was more volatile in high-tech sectors than 
in low-tech sectors, but the overall movement among 
these two was a decline in the right shape parameter. 
The right width parameter was somewhat stable in 
low-tech sectors, while it moved more upwardly in 
the high-tech sectors. This implies that the mass of 
firms at the right side of the modal growth rate expe-
rienced an upward trend within the high-tech sectors 
as a recession unfolded. Thus, it seems that high-tech 
sectors handle recessions slightly better. This may 
perhaps be attributed to growth mechanisms, such 
as learning processes or higher investment in innova-
tion, i.e. research and development spending. Further 
research is needed to understand the policy measures 
that interfered during the recession in the high-tech 
and low-tech sectors.

Some policy implications have arisen from our re-
search. Given that the longer the recession period the 
thicker the left tail, we may assert that, first, govern-
ment policies should be more effective in the real-
location of resources from declining toward growth 
activities by fostering new business models, persuad-
ing banks to increase their lending, and in this way 
enable the mitigation of the impacts of the financial 
crisis. Second, looking to stabilize the economy and 
initiating rapid recovery, the policy framework should 
give stronger incentives for innovation in businesses 
of all sizes and in all sectors. Policymakers should pro-
mote high-tech industries, yet not without including 
and ameliorating their consciences over core labor-
intensive low-tech firms that are primarily non-R&D 
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technological innovators that use organizational and 
marketing innovation in order to compensate for an 
absence of R&D activity. In times of crisis, owing to 
high sectoral interrelation and dependence, policy-
makers should efficiently stimulate a range of firms 
through competitiveness measures.

Further investigation is needed regarding the 
change in the firm-size distribution. We report the 
initial evidence of change in the modality of firm 
size distributions in the NACE 3-digit sector. Six years 
spent in recession pointed out several structural dif-
ferences among different manufacturing sectors, very 
likely due to technological and organizational factors. 
Almost half of the sectors had a change, either from 
unimodal to multimodal firm size distributions or vice 
versa. Intuitively, it seems that some sectors tend to-
ward the ‘optimal size’ of a firm in a sector, while in 
others multiple modes emerge. The questions that 
arise are why this is so and whether it could just be 
a statistical coincidence. Further research might delve 
deeper into the industry life-cycle, financial con-
straints, technological progress or capabilities in these 
sectors/firms to understand the economic regularities 
explaining unimodal or multimodal evolution. In our 
sample, the changes in modality were reported more 
frequently in the low-tech sectors, as opposed to 
high-tech sectors. These initial findings need addition-
al empirical investigation. The Cabral and Mata (2003) 
model of the evolution of firm size distribution could 
be a starting point in explaining such modal changes 
in sectors. Finally, in line with previous work (Coricelli 
et al. 2012), concentration ratios increased in most of 
the sectors, and to a more pronounced degree in the 
low-tech rather than high-tech sectors, although this 
is far from conclusive. 
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Appendix 1:  Firm size distribution – overall manufacturing, low-tech and high-tech sectors
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Appendix 3:  Maximum likelihood parameter estimates of the AEP parameters for the 20 sectors16 studied – 2009 and 2013 

 NACE class l r     LL l r     LL 

 2009 2013 

H
ig

h-
te

ch
 

20 Manufacture of 
chemicals and 
chemical products 

0.5695 
(0.0879) 

0.5549 
(0.0921) 

0.1111 
(0.0162) 

0.0749 
(0.0124) 

-0.0043 -
0.4294 

0.4081
(0.0585) 

0.4517
(0.0687) 

0.1126
(0.0201) 

0.0997
(0.0170) 

-0.0184 -
0.1773 

26 Manufacture of 
computer, electronic 
and optical products 

0.6196 
(0.0688) 

0.5357 
(0.0587) 

0.1355 
(0.0134) 

0.1084 
(0.0124) 

-0.0152 -
0.1799 

0.4978
(0.0517) 

0.5544
(0.0608) 

0.1126
(0.0126) 

0.107
(0.0114) 

-0.0119 -
0.2362 

27 Manufacture of 
electrical equipment 

0.5338
(0.0648) 

1.878
(0.3729) 

0.1691
(0.0238) 

0.1509
(0.0152) 

-0.1228
(0.0047) 

-
0.2939 

0.5427
(0.0729) 

0.4338
(0.0566) 

0.1412
(0.0186) 

0.1039
(0.0176) 

0.0405 -
0.1146 

28 Manufacture of 
machineryand 
equipment n.e.c. 

0.986
(0.1179) 

0.6084
(0.0647) 

0.1809
(0.0149) 

0.1389
(0.0140) 

-0.0103
(0.0065) 

-
0.0829 

0.4625
(0.0422) 

0.5336
(0.0518) 

0.1827
(0.0194) 

0.1491
(0.0155) 

-0.0220 0.1992

Lo
w

-t
ec

h 

10 Manufacture of 
food products 

0.4129
(0.0274) 

0.5118
(0.0386) 

0.0866
(0.0072) 

0.0700
(0.0053) 

-0.0009
(0.0005) 

-
0.5313 

0.3162
(0.0190) 

0.4676
(0.0355) 

0.1429
(0.0145) 

0.0939
(0.0074) 

-0.0189
(0.0006) 

-
0.1189 

11 Manufacture of 
beverages 

0.4153
(0.0636) 

0.3408
(0.0464) 

0.1172
(0.0208) 

0.1494
(0.0296) 

-0.0223 0.0890 0.4819
(0.0687) 

0.6854
(0.1181) 

0.1715
(0.0281) 

0.1321
(0.0193) 

-0.0026 0.0167

13 Manufacture of 
textiles 

0.6727
(0.1125) 

0.4939
(0.0777) 

0.1194
(0.0170) 

0.0917
(0.0168) 

-0.0269 -
0.0354 

0.4347
(0.0605) 

0.6328
(0.1101) 

0.1893
(0.0322) 

0.1108
(0.0176) 

0.0041 0.0449

14 Manufacture of 
wearing apparel 

0.7156
(0.0857) 

0.3877
(0.0417) 

0.141
(0.0138) 

0.1023
(0.0179) 

0.0228 -
0.2874 

0.4046
(0.0402) 

0.5587
(0.0623) 

0.192
(0.0235) 

0.0989
(0.0123) 

-0.0080 0.0637

15 Manufacture of 
leather and related 
products 

0.3944
(0.0664) 

1.129
(0.3051) 

0.2584
(0.0684) 

0.1453
(0.0249) 

-0.0825 0.0360 0.3207
(0.0606) 

0.5393
(0.1209) 

0.1678
(0.0590) 

0.1609
(0.0342) 

-0.0201
(0.0018) 

0.1150

16 Manufacture of 
wood and of products 
of wood and cork, 
except furniture; 
manufacture 
of articles of straw 
and plaiting materials 

0.8361
(0.0875) 

0.585
(0.0570) 

0.1542
(0.0120) 

0.117
(0.0112) 

-0.0218
(0.0040) 

-
0.1882 

0.4777
(0.0420) 

0.4896 
(0.0465) 

0.1708 
(0.0161) 

0.1162
(0.0121) 

0.0182 0.0736

   

                                                            
16 Following Bottazzi and Secchi (2011) we report results only from those sectors with more than 100 observations in each year. 
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0.1799 
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(0.0126) 
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(0.0114) 

-0.0119 -
0.2362 

27 Manufacture of 
electrical equipment 

0.5338
(0.0648) 
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(0.3729) 

0.1691
(0.0238) 

0.1509
(0.0152) 

-0.1228
(0.0047) 

-
0.2939 

0.5427
(0.0729) 

0.4338
(0.0566) 

0.1412
(0.0186) 

0.1039
(0.0176) 

0.0405 -
0.1146 

28 Manufacture of 
machineryand 
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0.1389
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-0.0103
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13 Manufacture of 
textiles 

0.6727
(0.1125) 

0.4939
(0.0777) 

0.1194
(0.0170) 

0.0917
(0.0168) 

-0.0269 -
0.0354 

0.4347
(0.0605) 

0.6328
(0.1101) 

0.1893
(0.0322) 

0.1108
(0.0176) 

0.0041 0.0449

14 Manufacture of 
wearing apparel 

0.7156
(0.0857) 

0.3877
(0.0417) 

0.141
(0.0138) 

0.1023
(0.0179) 

0.0228 -
0.2874 

0.4046
(0.0402) 

0.5587
(0.0623) 

0.192
(0.0235) 

0.0989
(0.0123) 

-0.0080 0.0637

15 Manufacture of 
leather and related 
products 

0.3944
(0.0664) 

1.129
(0.3051) 

0.2584
(0.0684) 

0.1453
(0.0249) 

-0.0825 0.0360 0.3207
(0.0606) 

0.5393
(0.1209) 

0.1678
(0.0590) 

0.1609
(0.0342) 

-0.0201
(0.0018) 

0.1150

16 Manufacture of 
wood and of products 
of wood and cork, 
except furniture; 
manufacture 
of articles of straw 
and plaiting materials 

0.8361
(0.0875) 

0.585
(0.0570) 

0.1542
(0.0120) 

0.117
(0.0112) 

-0.0218
(0.0040) 

-
0.1882 

0.4777
(0.0420) 

0.4896 
(0.0465) 

0.1708 
(0.0161) 

0.1162
(0.0121) 

0.0182 0.0736

   

                                                            
16 Following Bottazzi and Secchi (2011) we report results only from those sectors with more than 100 observations in each year. 
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17 Manufacture of 
paper and paper 
products 

1.032
(0.2067) 

0.4614
(0.0764) 

0.1108
(0.0149) 

0.0856
(0.0195) 

0.0094 -
0.6279 

0.3778
(0.0531) 

0.8776
(0.1774) 

0.1287
(0.0291) 

0.0830
(0.0123) 

-0.0144 -
0.5206 

18 Printing and 
reproduction of 
recorded media 

0.542
(0.0452) 

0.4599
(0.0371) 

0.119
(0.0098) 

0.0996
(0.0096) 

-0.0234 -
0.2287 

0.5067
(0.0423) 

0.4369
(0.0363) 

0.1426
(0.0120) 

0.1056
(0.0109) 

0.0272
(0.0008)

-
0.0746 

22 Manufacture of 
rubber and plastic 
products 

0.5589
(0.0550) 

0.659
(0.0702) 

0.113
(0.0110) 

0.1094
(0.0100) 

-0.0660
(0.0025) 

-
0.2927 

0.4499
(0.0416) 

0.4443
(0.0431) 

0.1329
(0.0137) 

0.0953
(0.0110) 

0.0058 -
0.1191 

23 Manufacture of 
other non-metallic 
mineral products 

0.594
(0.0611) 

0.5498
(0.0593) 

0.1509
(0.0142) 

0.1051
(0.0115) 

-0.0386
(0.0023) 

-
0.1218 

0.4441
(0.0424) 

0.4157
(0.0416) 

0.1752
(0.0184) 

0.1104
(0.0142) 

0.0254 -
0.1174 

24 Manufacture of 
basic metals 

0.4428
(0.0865) 

1.796
(0.5287) 

0.2244
(0.0665) 

0.2421
(0.0354) 

-0.2622 0.0158 0.4198
(0.0866) 

0.3868
(0.0837) 

0.1597
(0.0374) 

0.095
(0.0285) 

0.0051 0.0288

25 Manufacture of 
fabricated metal 
products, except 
machinery and 
equipment 

0.9728
(0.0636) 

0.4706
(0.0263) 

0.1895
(0.0086) 

0.1398
(0.0104) 

0.0118 0.0798 0.5341
(0.0312) 

0.5172
(0.0310) 

0.1555
(0.0090) 

0.1269
(0.0080) 

0.0202
(0.0008)

0.0182

30 Manufacture of 
other transport 
equipment 

0.5824
(0.103) 

0.4025
(0.0616) 

0.1609
(0.0269) 

0.177
(0.0372) 

-0.0127 0.1735 0.4022
(0.0689) 

0.2867
(0.0429) 

0.1916
(0.0365) 

0.2014
(0.0582) 

0.0437
(0.0023)

0.4412

31 Manufacture of 
furniture 

0.5975
(0.0700) 

0.6948
(0.0887) 

0.127
(0.0138) 

0.1188
(0.0124) 

-0.0578
(0.0046) 

-
0.2166 

0.5713
(0.0670) 

0.5191
(0.0588) 

0.1468
(0.0163) 

0.1417
(0.0168) 

-0.0007
(0.0018)

0.0208

32 Other 
manufacturing 

0.5616
(0.0814) 

0.576
(0.0908) 

0.1302
(0.0181) 

0.0933
(0.0141) 

-0.0126
(0.0031) 

-
0.2490 

0.4821
(0.0657) 

0.561
(0.0883) 

0.1488
(0.022) 

0.0914
(0.0143) 

0.0058 -
0.1387 

33 Repair and 
installation of 
machinery and 
equipment 

0.8341
(0.1125) 

0.6508
(0.0765) 

0.126
(0.0125) 

0.1343
(0.0136) 

-0.0504
(0.0073) 

-
0.2245 

0.5064
(0.0525) 

0.5912
(0.0722) 

0.1965
(0.0213) 

0.1181
(0.0136) 

0.0230
(0.0012)

0.1073
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Appendix 4:  Description of the NACE three-digit sectors17 studied  

High-tech sectors 

NACE 
class 

Description No. 
of 

firms 

Mean size 
in 2008 

Mean size 
in 2013 

Bimodality 
test (p-

values)2008 

Bimodality 
test (p-

values)2013 

D4
2008 D4

2013 D4
average 

204 Manufacture of soap and detergents, 
cleaning and polishing preparations, 
perfumes and toilet preparations 

45 19.564.754 20.042.528 0.2406 0.0246 0.7932 0.8527 0.8296

262 Manufacture of computers and peripheral 
equipment 

151 22.175.659 16.091.034 0.0000 0.3291 0.7886 0.7278 0.7545

263 Manufacture of communication 
equipment 

36 55.623.062 34.846.659 0.2723 0.0648 0.9275 0.9370 0.9333

265 Manufacture of instruments and 
appliances for measuring, testing and 
navigation; watches and clocks 

33 3.341.699 2.770.631 0.9185 0.3270 0.6444 0.5503 0.5430

267 Manufacture of optical instruments and 
photographic equipment 

36 5.350.116 4.472.864 0.1048 0.4089 0.7091 0.7441 0.7324

271 Manufacture of electric motors, 
generators, transformers and electricity 
distribution and control apparatus 

78 44.751.534 38.790.987 0.9854 0.6621 0.6126 0.6206 0.6566

279 Manufacture of other electrical 
equipment 

44 46.113.921 33.656.289 0.4527 0.0546 0.8284 0.8283 0.8151

281 Manufacture of general-purpose 
machinery 

76 17.950.579 10.224.824 0.3375 0.1208 0.4990 0.4646 0.4608

282 Manufacture of other general-purpose 
machinery 

147 9.326.456 6.664.880 0.0021 0.1781 0.2281 0.3179 0.2615

Low-tech sectors 

101 Processing and preserving of meat and 
production of meat products 

86 56.779.787 59.851.880 0.6242 0.1767 0.6311 0.6837 0.6579

103 Processing and preserving of fruit and 
vegetables 

39 67.113.012 53.045.657 0.0109 0.0939 0.8765 0.8740 0.8537

104 Manufacture of vegetable and animal oils 
and fats 

36 35.322.396 28.417.222 0.4451 0.0102 0.9387 0.9793 0.9366

105 Manufacture of dairy products 42 144.002.553 132.029.047 0.3993 0.0567 0.9025 0.8667 0.8846

                                                            
17 In the Appendix 3 we report only NACE three-digit sectors with more than 30 firms in our balanced dataset; size is measured in Croatian kunas. 
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106 Manufacture of grain mill products, 
starches and starch products 

32 30.394.240 36.810.254 0.9635 0.2920 0.6938 0.8115 0.7797

107 Manufacture of bakery and farinaceous 
products 

274 10.671.229 9.497.173 0.2583 0.0000 0.2733 0.2810 0.2664

108 Manufacture of other food products 73 58.524.331 54.550.671 0.3330 0.3413 0.5893 0.5851 0.5925
110 Manufacture of beverages 137 38.153.794 33.188.420 0.0051 0.2436 0.6119 0.7383 0.6865
139 Manufacture of other textiles 107 7.506.073 4.473.566 0.0030 0.0000 0.3970 0.4000 0.4118
141 Manufacture of wearing apparel, except 

fur apparel 
210 11.737.644 8.938.446 0.0000 0.0144 0.4992 0.6144 0.5570

143 Manufacture of knitted and crocheted 
apparel 

32 16.280.153 22.310.500 0.4882 0.7457 0.8478 0.9488 0.9051

151 Tanning and dressing of leather; 
manufacture of luggage, handbags, 
saddlery and harness; dressing and 
dyeing of fur 

30 42.843.243 59.489.586 0.1759 0.0222 0.9654 0.9632 0.9670

161 Sawmilling and planing of wood 141 8.394.030 8.074.939 0.8480 0.1249 0.2849 0.3885 0.3144
162 Manufacture of products of wood, cork, 

straw and plaiting materials 
248 7.635.462 6.038.028 0.0052 0.3883 0.3494 0.3684 0.3494

172 Manufacture of articles of paper and 
paperboard 

97 13.006.043 13.330.059 0.0061 0.3782 0.4157 0.3655 0.3961

181 Printing and service activities related to 
printing 

449 4.214.218 3.752.068 0.0000 0.0954 0.3337 0.3714 0.3479

221 Manufacture of rubber products 53 10.847.945 8.344.234 0.0157 0.0559 0.7259 0.7432 0.7306
222 Manufacture of plastics products 293 12.189.316 8.732.604 7e-04 0.0000 0.2798 0.2159 0.2570
231 Manufacture of glass and glass products 40 31.957.607 26.685.980 0.2070 0.094 0.6900 0.7540 0.7226
236 Manufacture of articles of concrete, 

cement and plaster 
118 24.663.048 11.821.391 0.4236 0.0784 0.3439 0.3517 0.3536

237 Cutting, shaping and finishing of stone 103 5.797.751 3.757.577 0.1138 0.0000 0.5391 0.5944 0.5810
245 Casting of metals 40 25.744.134 20.192.140 0.9619 0.5315 0.5336 0.6391 0.5887
251 Manufacture of structural metal products 406 10.269.722 8.555.591 0.0000 0.4938 0.1976 0.2903 0.2647
255 Forging, pressing, stamping and roll-

forming of metal; powder metallurgy 
37 5.553.767 7.815.026 0.6431 0.2093 0.5312 0.7930 0.6352

256 Treatment and coating of metals; 
machining 

189 7.741.418 6.783.285 0.0000 0.2255 0.3320 0.5433 0.4423

257 Manufacture of cutlery, tools and general 
hardware 

77 7.434.745 8.072.912 0.2936 0.3968 0.5196 0.6146 0.5777
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259 Manufacture of other fabricated metal 
products 

225 6.598.778 5.250.356 0.2877 0.0000 0.3083 0.4268 0.3648

301 Building of ships and boats 98 35.444.551 12.621.695 0.2756 0.2559 0.758 0.7241 0.7905
310 Manufacture of furniture 257 11.212.447 8.168.576 0.0000 0.0075 0.3342 0.3364 0.3302
321 Manufacture of jewellery, bijouterie and 

related articles 
31 1.819.761 2.056.103 0.4952 0.3579 0.7548 0.9079 0.7917

329 Manufacturing n.e.c. 47 6.863.131 4.740.251 0.0953 0.7613 0.5033 0.4923 0.5513
331 Repair of fabricated metal products, 

machinery and equipment 
195 7.988.772 9.846.516 0.1663 0.3103 0.6088 0.7448 0.6737

332 Installation of industrial machinery and 
equipment 

80 3.398.329 3.128.959 0.0000 0.2092 0.5665 0.6004 0.5874
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