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Abstract

The relationship of firm size and age to its growth and survival differs according to whether size
is measured by sales or employment. Using a large and representative dataset of Greek firms over
the period 1999-2014, we find the following patterns. Controlling for age, there is a strong negative
growth-size relationship when measuring size with sales, but a strong positive one when measuring size
with employment. Controlling for size, there is a positive monotonic survival-age relationship when
measuring size with sales, whereas survival is negatively related with age for young firms when we
measure size with employment. Our results indicate that public policies aimed at supporting Small
and Medium-sized Enterprises (SMEs) should be specialized to the employment scale and the sales
scale of enterprises, separately.
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1 Introduction

When studying firm dynamics and survival by size and age groups, does it matter how size is mea-
sured? The answer is yes. In this paper, we study a large firm-level dataset that is representative of
the Greek economy and find that it matters whether we measure firm size by sales or employment.
Controlling for age, there is a strong negative growth-size relationship when measuring size with
sales, but a strong positive one when measuring size with employment. Controlling for size, there is
a positive monotonic survival-age relationship when measuring size with sales, whereas survival is
negatively related with age for young firms when we measure size with employment. These results
are robust and differ from the findings of Haltiwanger et al. (2013) for the US economy.

The role of firm size in its growth process is a long-standing question in the literature of
firm and industry dynamics. Gibrat (1931) stated the so-called “law of proportionate effects”,
according to which the growth rate of a firm is independent of its size. Many empirical studies
provided evidence either for or against Gibrat’s Law (Heshmati, 2001; Calvo, 2006; Fotopoulos
and Giotopoulos, 2010; Daunfeldt and Elert, 2013). The majority of those studies concluded that
a negative growth-size relationship exists and this was considered a “statistical regularity” (Sutton,
1999 and Coad, 2007) up until a few years ago.

More recently, this “stylized fact” was disputed, when firm age was allowed to influence the
growth-size relationship.1 Haltiwanger et al. (2013) showed for the US economy that, after con-
trolling for firm age, there is no systematic relationship between employment growth and size. We
revisit this finding for the Greek economy. Using a novel and large firm-level dataset representative
of the entire Greek economy over the period 1998-2014 and following closely the methodology of
Haltiwanger et al. (2013), we examine the relationship of firm growth, survival, size and age. The
contributions in this paper are based on four key aspects.

First, to the best of our knowledge, this is the first paper studying firm dynamics that contrasts
sales and employment as size measures in the same dataset and controls for age. We find that
firm sales and firm employment, lead to largely different growth-size relationships. In particular,
we find a strong monotonic negative growth-size relationship for firm sales but a strong monotonic
positive relationship for employment. In both cases, we control for firm age, which has been shown
by Haltiwanger et al. (2013) to be crucial. We reject Gibrat’s (1931) law, regardless of the indicator
we employ. The growth-age relationship, after controlling for size effects, is negative for both size
indicators. This finding is in accordance with both theoretical (Jovanovic, 1982; Hopenhayn, 1992;
Ericson and Pakes, 1995; Arkolakis et al., 2018), and empirical literature (Evans, 1987; Hart and
Oulton, 1996; Yasuda, 2005; Lopez-Garcia and Puente, 2012; Fort et al., 2013; Haltiwanger et
al., 2013; Navaretti et al., 2014). We also examine whether the relationship of firm survival,
size and age depends on whether size is measured with employment or sales. We find a strong

1Early studies in this topic had focused on the investigation of the growth-size relationship for particular age
groups of firms such as startups and young firms (Calvo, 2006). A notable study is that of Lotti et al. (2007) in
which the authors found that the impact of firm size on employment growth is fading as time passes and a firm ages
and, therefore, Gibrat’s law holds in the long run.
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positive relationship between firm survival and firm size regardless of the size indicator used.
This is in accordance with past literature (Jovanovic, 1982; Ericson and Pakes, 1995; Sutton,
1997; and Haltiwanger et al., 2013). In contrast, we find that the size indicator is crucial for the
characterization of the survival-age relationship. Survival is positively related to age when we
control for size measured with sales, whereas this relationship is negative for young firms when we
control for employment size effects. The latter finding is at odds with evidence for the US economy
in Haltiwanger et al. (2013).

Second, we explore sensitivity to the methodology of size classification. Methodological vari-
ations may be important for the analysis of firm growth patterns across firm age and size dis-
tributions (Delmar et al., 2003). Haltiwanger et al. (2013) assert that measurement is vital for
the growth-size relationship. They find that, after controlling for age, there is no systematic rela-
tionship between employment growth and size when using the “base-year” size classification (i.e.
the firm employment of the previous year). In contrast, they find a positive relationship when
they classify with Davis et al.’s (1996) current average-size measure. These authors attributed
this finding to the fact that the latter measure mitigates the impact of regression-to-the-mean
effects. Our evidence for the Greek economy is different. We find that it is the variable used (sales
vs. employment) and not its measurement methodology (base-year vs. DHS average-year) that
matters for the different patterns in the growth-size relationship.

Third, we correct for econometric bias due to endogenous selection and sampling. Firm entry
and exit leads to endogenous selection into our dataset. The fact that our dataset is not a Census
may create sampling bias: smaller firms are less likely to be included. These two potential sources
of bias are inherent in most datasets used in the literature that analyzes the size-growth relationship
but the consequences are mostly ignored in practice. The recognition of the problem is not new.
Mansfield (1962) found that firm selection creates the inverse relationship between growth and size.
Hall (1987), Harhoff et al. (1998) and Marsili (2001) claimed that selection bias has only a small
influence on the growth-size relationship. We deal with this double bias by employing a method due
to Olley and Pakes (1996). Our empirical approach consists of two steps. Following Haltiwanger
et al. (2013), we use fully-saturated econometric specifications to model the firm growth equation,
with categorical independent variables for firm age and size. We augment these models with Olley
and Pakes’s (1996) correction term for selection and sampling bias. Under proper conditions, this
bias can be approximated by a parametric functional form of the exogenous regressors of the growth
equation and the predicted probability of a firm being in the sample. We obtain this predicted
probability by a first-stage binary choice model, based on the work of Olley and Pakes (1996).
This binary choice model gives us also the opportunity to investigate the impact of both firm size
and age on the survival probability of a firm.

Fourth, our dataset includes observations on firm dynamics during a long stretch of euphoric
growth (1999 to 2009) as wells as a persistent and severe economic depression (2010 to 2014).
The Greek Depression that started in 2010 is perhaps the most severe and long-lived crisis that
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a developed economy has experienced post-WWII.2 This aspect of the dataset allows us to check
whether the growth, survival, age and size relationships that we document change depending on
aggregate conditions. We find that the financial crisis did not have a major effect on the patterns
of firm dynamics by age and size in terms of either growth or survival.

There is good justification to measure firm size with either employment or sales. These two
are the most widely used variables in empirical research on firm growth (Coad and Hölzl, 2010).
Moreover, the two variables are not interchangeable measures of firm growth (Chandler et al.,
2009). In Section 2, we document that a firm with high sales is not necessarily a big employer
and vice versa. Employment conveys only part of the firm production process and the demand
for its product. Of course, this part translates into job creation, which is vital for an economy
and this explains the focus of the literature on it. On the other hand, sales is the equilibrium
outcome of demand and supply for a firm’s product. It captures the whole production process
including firm decisions to substitute among the many different factors of production. Sales can
reflect better than employment important firm characteristics that influence firm dynamics such
as different capital intensities and the impact of intangible assets.

In the contemporary economy, competition is ever more driven by the development and accu-
mulation of intangible assets – such as technological knowledge, brand, reputation, and customer
base. These are important assets that may increase sales without a corresponding increase in labor.
There is empirical evidence that enterprises with high intangible assets achieve high sales growth
rates, without necessarily displaying high employment growth (Du and Temuri, 2014; Chandler
et al., 2009; Delmar et al., 2003). Another important difference between the two variables is that
sales is a more appropriate measure of firm growth for proprietorships, which constitute around
5% of firms in our sample. Theoretical models that try to explain the negative growth-size rela-
tionship by attributing it either to market selection and learning (Jovanovic, 1982; Hopenhayn,
1992; Ericson and Pakes, 1995; Arkolakis, 2016; Arkolakis et al., 2018), or to entrepreneurial choice
under credit constraints (Evans and Jovanovic, 1989), or to idiosyncratic productivity shocks and
firm market penetration choices (Arkolakis, 2016) concentrate their analysis on gross output and
not on employment.

Our evidence comes from proprietary firm-level data obtained from ICAP Group, S.A., a private
research company that collects detailed balance sheet and income statement information for S.A.
and Limited-liabilities companies in Greece. All companies are legally required to publish their
accounts annually and ICAP strives to cover the universe of Greek firms. ICAP data is used by
commercial banks for credit decisions and by the central bank for credit rating information. Thus,
the data are carefully controlled. Our dataset contains firm-level information for approximately
80,500 Greek firms operating in all sectors, except for banks and insurance companies, for the
time period 1998 - 2014. To our knowledge, it is the first time that so large and representative a
dataset is employed for the case of Greece. An important aspect of the dataset is that it includes

2For more information please see Gourinchas et al. (2017) and Chodorow-Reich et al. (2019)
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proprietorships, one person” companies, start-ups, as well as information on firm age. This study
examines the growth of firms of all age, employment and sales cohorts at both the intensive
(continuing firm) and extensive (entrant and exiter) margins.

There is an important and large class of theoretical models that try to explain the growth-
size and growth-age relationships, but they concentrate their analysis on the gross output of a
firm (some examples are those of Jovanovic (1982), Hopenhayn (1992), Ericson and Pakes (1995),
Arkolakis (2016) and Arkolakis et al. (2018)). However, there is lack of theoretical framework
analyzing the employment growth-size relationship.3 Our findings indicate that for a deeper insight
of the firm growth patterns by size and age there is a need for theoretical models that capture the
dynamics of employment and output separately.

Our findings also inform the policy debate on appropriate public policy for the support of
enterprises. This has become even more important in the aftermath of the global financial crisis
that erupted in 2008 or during the COVID-19 crisis. As an example, in the European Union many
support programs are focused mainly on low-employment firms in an effort to boost aggregate
employment.4 However, our findings indicate that large firms, in terms of employment, both
have a higher probability to survive and achieve more rapid employment growth during a crisis.
Thus, they contribute importantly to aggregate employment and job creation. Our results also
show that firm growth has completely different dynamics across the sales and the employment
distributions. Public policies aimed at supporting Small and Medium-sized Enterprises (SMEs)
should be designed according to separate sales and employment profiles of firms instead of joint
sales-employment profiles.5

The remainder of the paper is structured as follows. Section 2 details the data used and the
measurement methods for firm growth and size that are employed. Section 3 provides some stylized
facts on the evolution of the growth of Greek firms during the period 1999-2014 along with some
evidence on the growth-size and growth-age relationships over the same era. Section 4 presents the
empirical methodology we follow. Section 5 includes the baseline estimation results, whilst Section
6 presents a sensitivity analysis of these results. Finally, Section 7 concludes.

3The few models that examine the linkage between employment growth and firm size are based on the assumption
that employment is the unique input facror in the production function (see for instance Pakes and Ericson (1998)
and Luttmer (2006)). Therefore, these models fail to capture the differences in capital intensities and intangible
assets among firms, which may drive the different behavior of output and employment growth dynamics. Moreover,
these model does not provide a theoretical explanation for the positive relationship between employment growth
and firm size that we document in this study.

4See for instance the “EU policy framework on SMEs: State of play and challenges”, retrieved from here.
5The definition of SMEs according to the EU recommendation 2003/361 is based on joint employment-turnover

profiles. To the contrary, the definition of small businesses according to the U.S. Small Business Administration is
much more flexible: it is based on separate sales and employment profiles that vary depending on the industrial
sector to which each company belongs.
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2 Data and Variables

2.1 Data Description

We employ a proprietary firm-level dataset obtained from ICAP Group, S.A., a private research
company that collects and maintains detailed accounting and employment information for S.A. and
Limited-Liability companies in Greece. The data set has financial accounting information from
detailed balance sheets and income statements, along with detailed information for employment,
establishment date, location and ownership status of firms. All Greek companies are required by
law to publish their accounts annually and ICAP strives to cover the universe of Greek firms.
ICAP data is used by commercial banks for credit decisions and by the central bank for credit
rating information. Thus, the data are carefully controlled.

Our dataset contains annual firm-level information for approximately 80,500 Greek firms oper-
ating in all sectors, except for banks and insurance companies, for the time period 1998 - 2014. This
time period allows us to examine firm dynamics in the Greek economy during a boom (1998-2008)
as well as during the severe Depression that followed (2009-2014). Roughly 99.5% of companies in
the data set are private, in contrast with other widely used datasets, such as Compustat for the US,
that contain information only from large publicly listed firms. For this paper we use information
on gross sales, employment, year of establishment, two-digit NACE Rev. 2 industry classification
codes and firm location6. Details on the cleaning procedures for the firm-level data can be found
in Appendix A.

The aggregate data and deflators for Greece are collected from two publicly available sources:
the Eurostat (Structural Business Statistics) and the Organization for Economic Cooperation and
Development (OECD) databases.

To our knowledge, this paper is the first to use so large a firm-level dataset for the Greek
economy. A natural question that might arise is whether our firm-level dataset is representative
of the aggregate Greek economy. Table 1 summarizes the coverage in our data compared to the
aggregate economy between 1998 and 2014. The columns in the table represent the ratio of gross
output and aggregate employment recorded in our sample relative to the same object in Eurostat
as reported by its Structural Business Statistics (SBS).7 The data in Eurostat are from census
sources and represent the universe of Greek firms. As Table 1 shows, the coverage in our sample
is consistently high for gross output: it averages roughly 60 percent for the aggregate economy.
The coverage for aggregate employment is lower: it averages roughly 34 percent for the aggregate
economy. These coverage statistics are conservative because we drop observations with missing,

6The Statistical Classification of Economic Activities in the European Community, commonly referred to as
NACE, is the industry standard classification system used in the European Union. The current version is revision 2
(Rev. 2) and was established by Regulation (EC) No 1893/2006. It is the European implementation of the United
Nations’ International Standard Industrial Classification (ISIC) of all Economic Activities, revision 4.

7Gross output is defined by the Bureau of Economic Analysis (BEA) as: “a measure of an industry’s sales or
receipts, which can include sales to final users in the economy (GDP) or sales to other industries (intermediate
inputs). At the firm-level, gross output is measured by aggregate gross sales.
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zero, or negative values for gross sales and missing or negative values for employment.
Although the coverage for employment is relatively low for the aggregate economy, it is high

for some important sectors of the economy. Table 2 presents the average coverage in our data by
sector over the period 1998 to 2014, along with the share of each sector in the aggregate gross
output and employment.8 Three sectors roughly the 70 percent of the economic activity. These
are “Manufacturing”, “Trade, Transportation and Accommodation”, and “Services”. The coverage
in the “Manufacturing” sector is high for both gross output (82 percent) and employment (71
percent). In the “Trade, Transportation and Accommodation” sector, coverage is high for gross
output (79 percent) and above average for employment (42 percent). To the contrary, coverage
for the sector of “Services” is low for both variables. To ensure the robustness of our results, we
conduct our analysis for the whole sample, on which we base our main results, and then we repeat
the analysis for the “Manufacturing” and “Trade, Transportation and Accommodation” sectors.
Moreover, we correct for possible endogenous selection and sampling biases using the econometric
methodology of Olley and Pakes’ (1996) or, alternatively, that of Heckman (1979).

***** Insert Tables 1 and 2 here *****

Figure 1 plots aggregate gross output and aggregate employment in our ICAP data set for the
time period 1998-2014. It compares the aggregated quantities from our dataset to the respective
aggregates as recorded by Eurostat. As we can see, both series in our sample mimic aggregate
activity well. The trajectories of both total firm sales and total firm employment track closely the
trajectories of gross output and employment at the macro-level, respectively.

***** Insert Figure 1 here *****

2.2 Variables and Measurement

The literature of firm growth dynamics has used a variety of variables for firm size as well as
formulas for measuring growth. Delmar et al. (2003) have shown that the choices of variables and
measures may be important for analyses of firm growth. In this study, we analyze firm growth
patterns differentiated by firm size and age distributions and find that the results depend on
the firm size indicator used. We employ two alternative size indicators: sales and employment.
We focus on these indicators for two reasons. First, they are the most widely used variables in
empirical research on firm growth (Coad and Hölzl, 2010). Second, these two variables are not
interchangeable in measuring firm growth (Chandler et al., 2009). Each variable paints a different
picture of firm size.

Labor is but one of the production inputs. Thus, employment conveys only part of the firm
production process and the demand for its product. Of course, this part translates into job creation,
which is vital for an economy and this explains the focus of the literature on it. On the other hand,

8Sectors have been classified according to their two-digit NACE Rev. 2 codes
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sales is the equilibrium outcome of demand and supply for a firm’s product. It captures the whole
production process including firm decisions to substitute among the many different factors of
production. Sales can reflect better than employment important firm characteristics that influence
firm dynamics such as different capital intensities and the impact of intangible assets. In the
contemporary economy, competition is ever more driven by the development and accumulation of
intangible assets – such as technological knowledge, brand, reputation, and customer base. These
are important assets that may increase sales without a corresponding increase in labor. There
is empirical evidence that enterprises with high intangible assets achieve high sales growth rates,
without necessarily displaying high employment growth (Du and Temuri, 2014; Chandler et al.,
2009; Delmar et al., 2003). Another important difference between the two variables is that sales
is a more appropriate measure of firm growth for proprietorships, which constitute around 5% of
firms in our sample.

Employment may be more robust for measuring the growth of small enterprises, since this group
of companies is more likely to conceal sales than labor from tax authorities for tax evasion purposes
(Coad and Hölzl, 2010). Also, sales do not always lead the growth process. For high-technology
start-ups, and the start-up of new activities in established firms, it is possible that assets and
employment will grow before any sales occur (Delmar et al., 2003). Despite some drawbacks in
using either one of the two indicators in the analysis of firm growth patterns by age and size, the
literature has found them to be the most appropriate ones. 9

There are also different formulas for measuring growth rates, whether of sales or employment.
We use two alternative measures of firm growth rates in our analysis. First, we define the annual
firm growth rate, gi,t, as the logarithmic difference ∆lnSi,t where Si,t denotes the size of firm i at
period t. In our analysis, the classification of firms into size categories uses either either gross sales
of firm i at period t− 1, deflated by the relevant Producer Price Index (PPI), or by the number of
employees of firm i at period t− 1 (“base-year” classification of firm size).

In a list of 10 alternative measures for growth rates surveyed by Tornqvist et al. (1985), the
log difference measure was found to be the most preferable measure of relative change as it is the
only one that is symmetric, additive and normed. An important drawback of log differences as a
measure of relative change, however, is that it is not defined for exiting and entering firms with
Si,t = 0 and Si,t−1 = 0, respectively. For this reason, we employ as an alternative measure for firm
growth the Davis et al. (1996) bounded growth rates (DHS hereafter):

gi,t =
(Si,t − Si,t−1)
1
2 (Si,t + Si,t−1)

9Other indicators have more important limitations (Delmar et al., 2003). For instance, such indicators as market
share and physical output can only be compared within industries for firms with a similar product range. Total
assets depend highly on the capital intensity of the industry and thus are very sensitive to changes over time. Also,
profits are more of a financial than an economic variable, and the relationship to size is only evident in aggregates or
over long periods for individual firms. For these reasons, sales and employment are the most widely used variables
in empirical growth research (Coad and Hölzl, 2010).
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We combine the DHS measure for firm growth with the related “average-size” measure for classifying
firm size, as proposed by Davis et al. (1996). The DHS average-size measure that we use is based on
the average of sales or employment in years t−1 and t. The DHS measure for firm growth, combined
with the corresponding average-size measure, has some important advantages. First, it mitigates
potential “regression-to-the-mean” effects.10 Second, it is defined for both entrants and exiters
allowing us to examine the role of the extensive margin in the firm growth dynamics. Finally, it
allows us to compare our results for employment with those of Haltiwanger et al. (2013). Therefore,
in this study, we employ two variables for firm size (sales or employment), two measures for firm
growth (logarithmic differences of the size indicator or the DHS measure) with the corresponding
measures for classifying firms into size groups(“base-year” or “average-year” firm size, respectively).

Regarding firm age, this is defined as the difference between the current year of operation and
the year of establishment for each firm. For start-up firms, age is set equal to one. An important
advantage of our dataset is that ICAP’s information for the year of establishment comes from
administrative records.

3 Stylized Facts on Firm Dynamics by Age and Size Cate-

gory.

In this section, we present some stylized facts on the evolution of firm sales growth and of firm
employment growth in Greece during the period 1998-2014, focusing on the impact of firm age
and size on these dynamics. A matter of high importance in the analysis of firm growth dynamics,
highlighted very early in the literature by Mansfield (1962), is the “selection effect or bias” that the
firm entry-exit process creates. In order to investigate the role of selection bias on firm growth, we
examine the relationship of age and size on both unconditional and conditional firm growth rates,
the latter applying to firms that survived until 2014 (i.e. the last available year in our sample).

Figure 2 presents the dynamic patterns of the average annual firm growth rates of Greek firms
for the time period 1999-2014. Panel (a) displays the patterns of sales growth, whilst Panel (b)
the patterns of employment growth. In order to investigate whether the growth rates of the firm-
level data resemble the growth path of the Greek economy, we also include the growth rates of
Gross Domestic Product (GDP) annual time series in Panel (a) and the growth rates of aggregate
employment annual time series in Panel (b), as reported in the OECD Database. We can discern
two phases of the economic cycle: the “boom” (1998-2009) and the “depression” one (2010-2014).
The course of conditional firm growth is quite similar to that of GDP. The 2008 global financial
crisis led to a dramatic fall of both firm and aggregate growth and economic activity deteriorated
further with the eruption of the Greek financial crisis. In 2014, an anaemic recovery can be observed

10Haltiwanger et al. (2013) note that firms that recently experienced negative transitory shocks (or even transitory
measurement error) are more likely to grow, while businesses recently experiencing positive transitory shocks are
more likely to shrink. This “regression-to-the-mean” effect is particularly important when studying the business
size–growth relationship.
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in both GDP and firm growth rates. Even though the trajectory of the conditional firm growth is
very close to that of GDP, the unconditional firm growth has a more divergent and unstable path,
a fact that underlines the importance of sample selection in the analysis of firm dynamics. The
two phases of the cycle can be clearly observed in Panel (b) as well.

***** Insert Figure 2 here *****

We now turn to exploring whether the firm growth patterns vary by age and size over the cycle.
To simplify the analysis, we consider broad firm age and size groups. Specifically, following Fort
et al. (2013) we separate firms into two age groups: firms are “young” if they are less than 6 years
old and “mature” if they are 6 years old or older. Twenty three (23) percent of firms in our sample
are young. Regarding firm size, we classify firms according to their size in period t-1. When
using sales as indicator of size, we create three groups: “small” for percentiles 1-50, “medium” for
percentiles 51-90 and “large” for the percentiles 91-100.11 When using employment as indicator of
size, we classify firms into the following three groups: “small” for firm with less than 20 employees,
“medium” for firms with 20-49 employees and “large” for firms with more than 50 employees.12

Figure 3 illustrates the dynamic patterns of average sales growth (Panel (a)) and of average
employment growth (Panel (b)) of young and mature Greek firms over the period 1999-2014. Two
observations emerge. First, both sales and employment growth rates are significantly higher for
young firms than for their mature counterparts. Second, both age groups exhibit considerable
cyclicality: the eruption of the Greek financial crisis led to a sharp decline in the growth rates of
both young and mature enterprises.

***** Insert Figure 3 here *****

Figure 4 shows sales (Panel (a)) and employment (Panel (b)) growth rates by firm size groups.
Several observations emerge. Sales growth rates are significantly higher for small than for large
firms. Both sales size groups exhibit considerable cyclicality, and small firms contracted more
sharply during the Greek Depression. However, employment growth dynamics are completely
different. First, net employment growth rates are higher for large than for small firms. Second,
although low employment firms exhibit considerable cyclicality, it is striking that high employment
enterprises continued to expand even during the crisis.

***** Insert Figure 4 here ******

To understand the difference between sales and employment growth dynamics by size category,
a critical question is whether a large firm in terms of sales is also large in terms of employment

11Under this size classification a firm is considered “small” if its annual gross sales are less than € 750,000, “medium”
if its sales are more than € 750,000 and less than € 6,500,000 and “large” if its gross sales are more than € 6,500,000.

12Under this size classification the largest group contains roughly 8% of employment observations. Thus, the
population of the group of large companies is very close to that under the sales classification. In any case, employment
growth patterns by firm size remain largely the same even when we use the same classification as for sales: “small”
for percentiles 1-50 of the employment distribution of period t − 1, “medium” for percentiles 51-90 and “large” for
percentiles 91-100.
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and vice versa. Table 3 reports the distribution of firms by sales and employment size groups.
Only half (52.5%) of large firms in terms of sales are also large in terms of employment. Similarly,
although the majority (62%) of large firms in terms of employment are also large in terms of
sales, a very large portion of these firms are medium (31.5%) or even small (6.5%) in terms of
sales. In the same spirit, although the majority (69.5%) of small firms in terms of employment
are also small in terms of sales, a large portion of these firms are medium (29%) or large (1.5%)
in terms of sales. Similarly, one quarter of small firms in terms of sales are medium in terms of
employment.13 Therefore, firms with high sales do not necessarily employ many workers and vice
versa.14 This observation is important in the debate about the role of firm size on firm growth.
Sales and employment can paint a different picture of the firm. The rest of the paper is a rigorous
examination of this difference in sales and employment growth dynamics by size.

***** Insert Table 3 here *****

It is important to discuss entry and exit of firms in our sample. Figure 5, Panel (a), displays
the evolution of the number of firms in our sample. The number of firms decreased substantially
after the onset of the Greek financial crisis (by 20% from 2010 to 2013). Panel (b) shows that
this decline in firm numbers during the crisis was driven by the increased rate of exiting firms.
Before the financial crisis, the number of entries exceeded the number of exits. This was reversed
during the crisis. Panels (c) and (d) present the number of exiting firms in the data by age and
size groups. As we can see, the incidence of entry and exit varies substantially by age and size.The
majority of exiting firms were small or young. It seems that firm age or size was a good indicator
for firm survival during the Greek Depression.

We would like to stress that, since our dataset is not a Census of the Greek economy, the
entry and exit rates displayed in this Figure do not correspond only to economic decisions to
start a business or close it. They also include a portion that reflects selection into the sample.
Both economic survival and sample selection introduce potential bias in inferences based on Figure
5. The econometric methodology we follow in this study enables us to correct for selection bias
due to both business starts and failures and the sampling procedure. This methodology will be
presented in the following section. The importance of endogenous entry-exit decisions (that create
a “selection bias”) for firm dynamics has been pointed out in the literature (e.g. Mansfield, 1962;
Evans, 1987; Hall, 1987).

***** Insert Figure 5 here *****

From the above analysis, it seems that firm size and firm age play a crucial role in firm growth.
Firm age seems to have a similar negative relationship with both sales and employment growth
rates. However, we found that there are striking differences in the relationship of firm size with
sales or employment growth. In addition, the entry-exit channel seems to be an important factor

13In Appendix B (Table B1) we present the same analysis for more granular sales and employment classes.
14In our sample, the correlation between sales and employment is 0.544.
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for the analysis of the growth trajectories by age and size over the cycle. In the next section, we
shed light on these facts.

4 Empirical Specification and Identification

In order to quantify the relationships between firm growth (in terms of either sales or employment)
and firm size and age, we use a non-parametric regression approach based on Haltiwanger et al.
(2013). Specifically, we employ the following econometric specification:

gi,t = β0 + f(Aki,t, S
j
i,t;β) + ξi,t (1)

gi,t denotes the growth rate of firm i at period t, Aki,t is a categorical variable for age with values
1-6 for age groups K={1-3, 4-6, 7-10, 11-15, 16-20, 20+ years}, and Sji,t is a categorical variable for
size with values 1-6 for sales size groups J={1-30, 31-60, 61-70, 71-80, 81-90, 91-100 percentiles}
or the values 1-6 for employment size groups J={1-4, 5-9, 10-19, 20-49, 50-99, 100+ employees}.15

f(Aki,t, S
j
i,t;β) is a linear function of the two variables Aki,t and S

j
i,t together with complete inter-

actions between them.16 This functional form allows us to capture not only the effects of age and
size on the patterns of firm growth, but also the age-size interaction effects on these paths.17

Selection bias is an important statistical concern in estimating the above econometric specifi-
cation that we need to address. Bias may arise from endogenous firm selection due to starting or
closing a business, or from the sampling design and procedure of our dataset, which, while being
representative of the aggregate Greek economy, is not a census. The vital role of this problem
in the analysis of firm dynamics has been pointed out early in the literature on firm growth (e.g.
Mansfield, 1962; Evans, 1987; Hall, 1987). We address this issue by employing the methodology
of Olley and Pakes (1996). Selection into the sample introduces a bias term in equation (1) as
follows:

E[gi,t | Sji,t, A
k
i,t, yi,t = 1] = β0 + f(Aki,t, S

j
i,t;β) + E[ξi,t | Sji,t, A

k
i,t, yi,t = 1] (2)

where yi,t is an indicator function that receives the value 1 if firm i is active in period t and 0
otherwise.

The last term is the bias term due to endogenous selection and sampling. Following Olley
15In Table B1 (Appendix B), we explore the cross-classification of firms in these sales and employment size groups.

As mentioned in the previous section, firms with high sales do not necessarily have high employment or vice versa.
16Specifically:

f(Ak
i,t, S

j
i,t;β) =

J∑
j=1

β1,jS
j
i,t +

K∑
k=1

β2,kA
k
i,t +

J∑
j=1

K∑
k=1

β3,j,k(S
j ×Ak)i,t

17Haltiwanger et al. (2013) demonstrated that for the proper characterization of the growth-size (growth-age)
relationship we have to control for age (size). For this reason, the inclusion of the age-size interaction terms in our
model is crucial.
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and Pakes (1996), we consider this bias term as a function of the explanatory variables and the
probability of being in the dataset at period t. Specifically,

E[ξi,t | Sji,t, A
k
i,t, yi,t = 1] ≈ h(Sji,t, A

k
i,t, S

j
i,t−1, A

k
i,t−1, P̂i,t). (3)

We assume a first-order polynomial expansion in (Sji,t, A
k
i,t, S

j
i,t−1, A

k
i,t−1, P̂i,t) of function h(.).

We obtain the probability of being in the dataset at period t by estimating the following binary
choice model:

Pr(yi,t = 1) = Φ
(
α0 + f(Aki,t, S

j
i,t; a) + µi,t

)
(4)

We assume normal disturbances, i.e. µi,t ∼ N(0, σ2
µ). The estimation of this model gives us also

the opportunity to investigate the impact of both firm size and age on the survival probability.
Since firm size and firm age distributions vary by industry as the growth rate patterns do as

well (Daunfeldt and Elert, 2013), we control for detailed industry fixed effects.18 Additionally, we
control for location fixed effects by employing a set of prefecture dummies.19 Both industry and
location dummies allows us to capture (a part of) the ex-ante firm heterogeneity. In the same
spirit, we include the industry and location fixed effects in the first-stage survival equation (4).

The econometric specification (2) is a fully saturated dummy variable model. Therefore, fol-
lowing Haltiwanger et al. (2013), we estimate the econometric specification (2) using OLS with
heteroskedasticity and autocorrelation consistent (HAC) standard errors. In order to deal with
both the endogenous selection and sampling biases we augment the set of regressors with the pre-
dicted probability of a firm remaining in the sample like in Olley and Pakes (1996). To ensure the
validity of our estimates, we also estimate the econometric specification (2) using Heckman’s (1979)
two-step approach for selection bias correction instead of the Olley and Pakes (1996) approach.
Heckman’s (1979) approach leads to the same growth-age and growth-size relationships with our
baseline approach for both sales and employment.20

5 Estimation Results

5.1 Growth-Age and Growth-Size Relationships

The primary objective of this study is to disentangle the role of firm size and age in firm growth
measured either by employment or sales. To this end, we estimate four alternative versions of
model (2), two for firm sales and two for firm employment. First, we calculate growth using
the logarithmic difference of deflated sales as a measure of firm sales growth and the base-year

18For the classication of firms at industries we use the two-digit NACE Rev. 2 codes. This classification leads to
97 industrial sectors of economic activity.

19ICAP database provides us information about the firm location among the 52 prefectures of Greece.
20See section 6.3 for more details.
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classification of firm size (i.e. the logarithm of deflated sales at period t − 1). We denote this
measure as the “traditional” one. Second, we calculate growth employing the Davis et al.’s (1996)
definitions for firm sales growth rates and firm size, defined earlier in subsection 2.2. We denote this
as the “DHS” measure. Third, we calculate growth using the “traditional” measure for employment
growth and base-year classification for firm size. Finally, we estimate model (2) for employment
using the “DHS” measure for employment growth rates and size.

Since model (2) consists of categorical variables and especially since these variables are inter-
acted, the regression coefficient estimates do not capture the partial effect of firm age or size on
firm growth (Williams, 2012). Therefore, following Haltiwanger et al. (2013), we present marginal
effects at means (MEMs) instead of regression coefficients, in order to capture properly the partial
effects of both firm age and size on firm growth. MEMs of firm size from model (2) are computed
by holding the age distribution of sales (or employment) constant at the sample mean. MEMs
of firm age are analogously computed by holding the size distribution of sales (or employment)
constant at the sample mean.

We present our estimation results using figures. To facilitate comparisons between employment
and sales, we focus on comparing the differences in effects relative to a baseline or omitted group.
The baseline group for size consists of the largest firms whereas for age it consists of the oldest
firms.21

Figure 6 displays the MEMs of firm age (Panel (a)) and firm size (Panel (b)) from econometric
specification (2). Beginning with the main results in the upper panel, the plotted curve shows
a strong negative relationship between firm age and firm growth when we control for firm size,
regardless of the measure of firm size (sales or employment). The average annual rate of sales
growth of the youngest enterprises is about 11.1 percentage points higher than that for the oldest
firms, whilst the average annual rate of employment growth of the youngest enterprises is about
18.8 percentage points higher than that for the oldest firms. These effects decline more or less
monotonically as the age of the firm increases. The relative sales growth premium for being young
declines to 8.4% and 3.4% for age classes 4–6 and 7–10 years, respectively (the corresponding
employment growth premia for being young for these two age classes are 11.1% and 5.9%, respec-
tively). When we employ the “DHS” measurement, the pattern of the growth-age relationship for
both sales and employment is similar: negative and more or less monotonic. Notably, this rela-
tionship becomes stronger, especially for sales, a fact that suggests an important role of entering
and exiting firms in the firm growth trajectories.

Now we turn to Panel (b). The panel reveals a strong negative monotonic relationship between
firm size and firm sales growth when we control for firm age. The average annual rate of sales
growth of the smallest enterprises is about 9.9 percentage points higher than that for the largest
firms. The downward curve is much steeper for smaller size classes (1-60 percentiles of sales

21The estimated marginal effects with their standard errors for the growth model (2) can be found in Table C1,
Appendix C. All coefficients are statistically significant at the 1% level. The estimated differences in MEMs relative
to a baseline group, that are depicted in figure 6, can be found in Table C2, Appendix C.
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distribution) implying a much stronger negative size effect for small relative to large firms. The
effect declines clearly monotonically as the size of the firm increases: the relative sales growth
premium for being small declines to 2.7% and 1.1% for size classes 2 and 3, respectively. We find
an even stronger inverse monotonic sales growth-size relationship when we include the extensive
margin in our analysis through the DHS measurement.

The patterns change dramatically when we measure firm growth by employment rather than
sales. More specifically, we observe a systematic and strong positive monotonic relationship be-
tween firm employment growth and firm size. The average annual rate of employment growth of
the smallest enterprises is about 14.5 percentage points lower than that for the largest firms, whilst
the relative employment growth discount for being small declines to 5.4% and 4.5% for size classes
5-9 and 10-19 employees, respectively. The “DHS” measure moderates this positive growth-age
relationship (the average annual rate of employment growth of the smallest enterprises is about
6.6 percentage points lower than that for the largest firms), but it still remains positive and mono-
tonic. The reason for that is that the “DHS” measurement mitigates the “regression-to-the-mean”
effect and, as a result, it moderates the size effect on firm growth (see Haltiwanger et al., 2013 for
a discussion of the the “regression-to-the-mean” effect).

***** Insert Figure 6 here *****

Several remarks can be made about these empirical findings. First, there is a clear negative
relationship of both sales and employment growth rates with firm age after controlling for size
effects. These patterns are consistent with predictions in models in which firm dynamics are
attributed either to market selection and learning (see Jovanovic, 1982; Hopenhayn, 1992; Ericson
and Pakes, 1995; Arkolakis et al., 2018), to entrepreneurial choice under credit constraints (Evans
and Jovanovic, 1989), or to idiosyncratic productivity shocks and firm market penetration choices
(Arkolakis, 2016). Second, we find a strong monotonic negative sales growth-size relationship,
after controlling for age effects. There are many empirical studies (Evans, 1987; Hart and Oulton,
1996; Yasuda, 2005; Bentzen et al., 2012) and theoretical models (Jovanovic, 1982; Hopenhayn,
1992; Arkolakis, 2016) that support this finding, though they do not always control for age.

However, the size-growth relationship is completely different when we use employment rather
than sales as a measure of size and business dynamics. Haltiwanger et al. (2013), using employ-
ment data for the US economy and the "traditional" measure for firm size, show that there is no
systematic relationship between firm size and growth, once age is taken into account. They also
find a positive employment growth-size relationship, after controlling for age, under the “DHS”
measurement. In contrast, our results reveal a clear positive employment growth-size relationship
after controlling for age, that declines monotonically as firm employment increases, regardless of
the type of measurement.

There is an important and large class of theoretical models that analyze the growth-size rela-
tionship, but they focus only on gross output or sales and not on employment (Jovanovic, 1982;
Hopenhayn, 1992; Ericson and Pakes, 1995; Arkolakis, 2016; Arkolakis et al., 2018). Our findings
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indicate that for a deeper insight in firm growth mechanics there is a need for theoretical mod-
els that analyze sales and employment growth separately, since firm dynamics display different
patterns depending on the measure of size used.

This different impact can be attributed to the fact that each variable draws a different picture
of the growth potentials of a firm. Although employment reflects only one part of the production
process, sales encapsulate the whole process. For instance, sales can capture differences in capital
intensity among firms along with the differences in employment (Delmar et al., 2003). Moreover,
sales can identify the role of intangible assets in the growth process of a firm. There is recent
empirical evidence that enterprises with high intangible assets achieve high sales growth rates,
without necessarily being employment-intensive companies (Du and Temuri, 2014). Finally, we
note that, regardless of the growth indicator we use (sales or employment) and the type of the
measurement (“traditional” or “DHS”), we have clear rejection of the weak form of Gibrat’s law,
according to which the mean growth rate of a firm is independent of its size.

5.2 Firm Survival by Age and Size

The estimation of the first-stage survival model (4) allows us to investigate the impact of both firm
size (measured either by sales or employment) and age on firm survival probability. We estimate
four alternative versions of model (4), two for firm sales and two for firm employment. First, we use
the base-year definition of firm size in terms of sales (we call this “traditional”). Second, we employ
the Davis et al.’s (1996) definition for firm size in terms of sales (we call this “DHS”). Third, we
utilize the “traditional” measure for firm size in terms of employment. Finally, we estimate model
(4) using employment and the “DHS” measure for firm size.

Since binary choice model (4) consists of categorical variables and their interactions, we present
marginal effects at means (MEMs) in order to convey the partial effects of both firm age and size
on firm survival (see Williams, 2012 for a discussion). We present MEMs in a series of Figures.22

To facilitate comparisons between employment and sales, we focus on comparing the differences
in effects relative to a baseline or omitted group. As before, this is the group of largest or oldest
firms.23

Figure 7 presents the relationships between survival probability and firm size (Panel (a)) or
age (Panel (b)). Again, we conduct our analysis for firm sales and firm employment separately.
Beginning with the results using the “traditional” measure, the plotted curve in Panel (a) shows
a positive monotonic relationship between firm size and firm survival when we control for firm
age. This is so, regardless of the measure of firm size (although the relationship is stronger
for employment, at least for small businesses). The average survival probability in the largest
size class is about 13.4 percentage points higher than that for the smallest firms classified by
sales, whilst this difference is about 16.4 percentage points classified by employment. The effect

22All standard errors are below 0.01, thus all MEMs coefficients are significant at the 1% level.
23The estimated differences in MEMs relative to the baseline group, that are depicted in figure 7, can be found

in Table C3, Appendix C.
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declines monotonically as firm size increases. The survival premium for being large declines to
8.6% and 4.8% for sales percentiles 31-60 and 61-70, respectively. The corresponding employment
growth premia for being large are 9.8% and 5.7% for employment classes 5-9 employees and 10-19
employees, respectively. Under the “DHS” measure, the survival-size relationship remains strongly
positive and monotonic, though somewhat subdued. Thus, a robust finding is that large firms are
more likely to survive than smaller firms, regardless of the type of measure.24

Now we turn to the age-survival relationship (Panel (b), Figure 7). Survival probabilities have
smaller differences across age classes than we had found across size classes. Panel (b) illustrates
that, under both measures, there is a positive weakly monotonic relationship between firm age
and survival when we control for firm sales. The average survival probability in the highest age
class is only 2.5 percentage points higher than that for the youngest firms. However, controlling
for employment instead of sales, these patterns change dramatically. More specifically, once we
control for employment, we observe a systematic negative weakly monotonic relationship between
firm survival and age for young firms (i.e. those with age less than 10 years) and a non-monotonic
and very weak positive relationship for older firms. This finding for the Greek economy is at odds
with the results of Haltiwanger et al. (2013) for the US economy, according to which young firms
have much higher firm exit rates (and thus lower survival rates) than more mature firms do. We
find the same survival-age patterns for employment, regardless of whether we use the traditional
or DHS measure. To sum up, we find a monotonic negative size-survival relationship, regardless
of the indicator and the measure that we use for firm size. However, the age-survival relationship
highly depends on the indicator that we use for the firm size: it is positive and monotonic for firm
sales for all ages of firms, but negative for firm employment for young firms.

***** Insert Figure 7 here *****

6 Sensitivity Analysis

In this section, we examine the robustness of our results. To this end, we perform three sensitivity
exercises. First, we check whether the different coverage in our dataset of sales versus employment
affects the results. Second, we explore whether our results are affected by the sample including
the Greek Depression (2010-2014), one of the harshest crises ever faced by a developed economy.
Finally, we examine whether our results are robust to using a different method for correcting
selection bias.

24There is previous empirical evidence that conforms with this finding (see for instance the seminal paper of
Sutton (1997) and Haltiwanger et al. (2013)). Also there is theoretical literature that provides arguments for this
result (e.g. Jovanovic, 1982; Ericson and Pakes, 1995).
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6.1 Firm Growth Patterns by Sector

An issue of concern is that our dataset has higher coverage for sales than for employment (60%
and 34%, respectively) when compared to the aggregate economy. In a previous section, we argued
that our dataset is representative of the whole economy as it tracks closely aggregate dynamics.
Furthermore, to the best of our knowledge, it is the largest firm-level dataset ever used for the
Greek economy. To check further whether different coverage rates affect our results, we repeat
our analysis for two sectors. These are the “Manufacturing” sector, which has high coverage for
both sales and employment (82% and 71%, respectively), and the “Trade, Transportation and
Accommodation” sector, which has high coverage for sales but a lower rate for employment (79%
and 42%, respectively).

Figure 8 displays the estimation results for the “Manufacturing” (upper panels) and “Trade,
Transportation and Accommodation” (bottom panels) sectors. Both sales and employment growth
patterns by age and size are very similar with those for the whole economy (Figure 6). These
results make us confident that our dataset is appropriate for analyzing firm dynamics with either
indicator of firm size. They also give us confidence in the econometric method we employ to correct
for selection bias.

***** Insert Figure 8 here *****

6.2 The Impact of the Greek Depression

Our dataset includes the period of the Greek Depression (2010-2014), one of the harshest crises
faced by a developed economy. A natural question is whether the financial crisis affected the growth
patterns of Greek firms across the age and size distributions. In other words, to what extent did
the different growth-size relationship between sales and employment stem for the financial crisis?

To answer this question, we repeat our analysis for the pre-crisis period (1999-2009). Figure
9 displays the estimation results for this alternative sample period. Both sales and employment
growth patterns by age and size are very similar with those for the complete sample period (Figure
6). We conclude that the severe financial crisis that started in 2010 is not responsible for the
opposite pattern of growth-size relationship between sales and employment.

***** Insert Figure 9 here *****

6.3 Alternative Correction for the Sampling Bias

In order to deal with endogenous firm selection due to entry and exit and sampling bias due to the
design of our dataset, we employed the method of Olley and Pakes (1996). In order to examine
robustness of this approach, we estimate again the econometric specification (2) using Heckman’s
(1979) two-step approach for selection bias correction. More specifically, following Wooldridge’s
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(2002) generalization of Heckman’s (1979) methodology for panel data we can approximate the
bias term in equation (2) as follows:

E[ξi,t | yi,t = 1] ≈ γIMRi,t (5)

where γ is a constant term and the IMRi,t is the inversed Mill’s ratio which is given by,

IMRi,t =
ϕi,t
Φi,t

where ϕi,t and Φi,t denote the survival probability of firm i in year t and its probability density,
respectively. Under suitable assumptions, we can obtain consistent estimates of these quantities
by using the Probit model (4), described in section 4.

We augment the econometric specification (2) with IMRi,t as an extra regressor, instead of the
parametric specification h(Sji,t, A

k
i,t, S

j
i,t−1, A

k
i,t−1, P̂i,t) (see equation (3)) of the Olley and Pakes

(1996) approach. This extra regressor corrects for both selection and sampling biases. Figure
10 illustrates the estimation results according to Heckman’s (1979) methodology. Both sales and
employment growth patterns by age and size are very similar with those of the baseline approach
(Figure 6).

***** Insert Figure 10 here *****

7 Conclusions

Using a large and representative dataset on Greek firms covering all sectors of the economy over the
period 1999-2014, we bring new evidence on the patterns of firm growth and firm survival across
the age and size distributions. Our findings reveal the importance of the growth indicator used in
the analysis: different indicators lead to starkly different growth-size and survival-age relationships.
Specifically, we find a strong negative growth-size relationship for firm sales, but a strong positive
monotonic relationship for firm employment. In both cases, we control for age effects. Regarding
firm age, we find a negative growth-age relationship, after controlling for size effects, regardless
of the growth indicator we use. Moreover, there is a monotonic positive survival-size relationship,
after controlling for age effects, regardless of the size indicator we use. Finally, the survival-age
relationship positive when sales is used as the indicator of size, whereas the relationship is negative
for young firms when size is measured by employment.

Our findings are useful for both academics and policymakers. First, although there is an impor-
tant and large class of theoretical models that explain the negative sales growth-size relationship,
there is no theoretical framework that produces a positive employment growth-size relationship.
Our findings indicate that for a deeper insight of the firm growth patterns by size and age there is
a need for theoretical models that capture the dynamics of both employment and output (sales)
separately, since sales and employment lead to completely different growth-size patterns. Second,
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our results indicate that policy makers should design supportive policies for enterprises according
to separate sales and employment firm profiles instead of joint sales-employment profiles. A small
firm in terms of employment is not necessarily small in terms of sales (and vice versa). This mat-
ters because firms have different growth dynamics when one considers employment or sales as the
indicator of firm growth and size.
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Appendices

A Data Cleaning

The firm-level data are proprietary and have been obtained from ICAP Group SA, a private
research company that collects detailed balance sheet and income statement data for SA and
Ltd companies in Greece, along with their establishment date, location and ownership status,
for credit risk evaluation and management consulting. Because the ICAP database is used for
credit decisions, the data are carefully controlled. Our dataset contains firm-level information
for approximately 80,500 Greek firms operating in all sectors, except for banks and insurance
companies, for the time period 1998 - 2014. For this paper we use information on gross sales,
gross output/revenue, total balance-sheet assets, long-term liabilities, short-term liabilities, year
of establishment, NACE2 codes, firm location and accounting depreciation flow. The aggregate
data and deflators for Greece are collected from two publicly available sources: the Eurostat and
the Organization for Economic Cooperation and Development.

We prepare the data for estimation in two stages. First, we clean the data from basic reporting
mistakes. Second, we trace and deal with gaps in the data.25 In particular, we implement the
following steps to clean the data:

1. We set to missing firm-year observations of gross sales and employment that are negative.

2. We keep firm-year observations that have information on gross sales, employment and estab-
lishment date.

3. We audit for duplicates in our data.

4. We deal with potential gaps in the data. Due to the high number of missing observations
in our sample, in order to ensure the internal consistency of our dataset, we delete the
information either of the firms whose sales or employment data has 4 or more gaps, or of the
firms with 2 or 3 gaps if the maximum length of a gap is at least 5 consecutive years.

Finally, we trim the top and bottom 1% of firm sales growth rates to minimize the effect of outliers.

B Allocation of Firms across the Age and Size Distributions

***** Insert Table B1 here *****

25By the term gap we mean a set of missing consecutive firm-year observations.

24



C Estimation Results for Econometric Specification (1)

Table C1 presents the estimation results for the econometric specification (2). Since model (2)
consists of categorical variables and especially since these variables are interacted, the regression
coefficient estimates do not capture the partial effect of firm age or size on firm growth (Williams,
2012). Therefore, following Haltiwanger et al. (2013), we present marginal effects at means
(MEMs) instead of regression coefficients, in order to capture properly the partial effects of both
firm age and size on firm growth. MEMs of firm size from model (2) are computed by holding
the age distribution of sales (or employment) constant at the sample mean. MEMs of firm age are
analogously computed by holding the size distribution of sales (or employment) constant at the
sample mean.

We estimate four alternative versions of model (2), two for firm sales and two for firm employ-
ment. First, we calculate growth using the logarithmic difference of deflated sales as a measure
of firm sales growth and the base-year definition of firm size (i.e. the logarithm of deflated sales
at period t − 1). We denote this measure as the “traditional” one. Second, we calculate growth
employing the Davis et al.’s (1996) definitions for the firm sales growth rates and firm size, defined
earlier in subsection 2.2. We denote this as the “DHS” measure. Third, we calculate growth using
the “traditional” measure for employment growth and firm size. Finally, we estimate the model (2)
for employment using the “DHS” measure for employment growth rates and size.

***** Insert Table C1 here *****
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Figure 1: Aggregates in ICAP and Eurostat (SBS)

Notes: In this Figure, we compare the evolution of the aggregate gross output and employment in our ICAP dataset
with the same aggregates as recorded by Eurostat (SBS).
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Figure 2: Dynamic Patterns of Firm Growth

Notes: This figure presents the dynamic patterns of average annual firm growth rates of Greek firms for the time
period 1998-2014. Panel (a) displays the patterns of sales growth, whilst Panel (b) the patterns of employment
growth. To investigate whether the growth rates of the firm-level data resemble the growth path of the Greek
economy, we also include the growth rates of the Gross Domestic Product (GDP hereafter) annual time series in
Panel (a) and the growth rates of aggregate employment annual time series in Panel (b), as reported in the OECD
Database.
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Figure 3: Firm Growth by Age Group

Notes: In this figure we present the dynamic patterns of firm growth rate by age groups. Panel (a) displays the
patterns of sales growth, whilst Panel (b) for employment growth. A firm is defined as "mature" if its age is larger
than 5 years and "young" otherwise.
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Figure 4: Firm Growth by Size Group

Notes: In this figure we present the dynamic patterns of firm growth rate by size groups. Panel (a) displays the
patterns of sales growth, whilst Panel (b) for employment growth. We classify firms into three sales size groups:
small for percentiles 1-50 of the sales distribution, medium for percentiles 51-90 and large for the percentiles 91-100.
We classify firms into three employment size groups: small for firm with less than 20 employees, medium for firms
with 20-49 employees and large for firms with more than 50 employees.
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Figure 5: Entry, Exit and the Number of Firms

Notes: In this figure we present the dynamic patterns of the number of firms, the firm entry, and the firm exit in
our sample. Panel (a) depicts the evolution of the number of firms in our dataset, whist Panel (b) illustrates the
patterns of firm entry and exit rates in our sample. Panel (c) presents the number of firm exits in our dataset for
young and mature firms. A firm is defined as "mature" if its age is greater than 5 years and "young" otherwise.
Panel (d) depicts the number of firm exits for small and large firms (we omit the medium-sized firms). Firms are
classified into three sales size groups: small for percentiles 1-50 of the sales distribution, medium for percentiles
51-90 and large for the percentiles 91-100. Firms are also classified into three employment size groups: small for
firm with less than 20 employees, medium for firms with 20-49 employees and large for firms with more than 50
employees.
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Figure 6: Relationship between Firm Growth and Firm Age and Size

Notes: In this figure, we investigate the role of firm age and firm size in sales and employment firm growth rates of Greek
firms during the period 1999-2014. The Figure illustrates the marginal effects at means (MEMs) instead of the regression
coefficients since they compute properly the partial effects of age and size. The cited average marginal effects were obtained
by the estimation of econometric specification (2). We compute marginal effects of firm size (age) from that model holding
the age (size) distribution of sales/employment constant at the sample mean. We estimate four alternative versions of
model (2), two for firm sales and two for firm employment. First, we calculate growth using the logarithmic difference of
deflated sales as a measure of firm sales growth and the base-year definition of firm size (i.e. the logarithm of deflated sales
at period t − 1). We denote this measure as the “traditional” one. Second, we calculate growth employing the Davis et
al.’s (1996) definitions for the firm sales growth rates and firm size, defined earlier in subsection 2.2. We denote this as the
“DHS” measure. Third, we calculate growth using the “traditional” measure for employment growth and firm size. Finally,
we estimate the model (2) for employment using the “DHS” measure for employment growth rates and size. We categorize
firms in six age groups 1-3, 4-6, 7-10, 11-15, 16-20, 20+ years and in six size groups for sales 1-30, 31-60, 61-70, 71-80,
81-90, 91-100 percentiles of the sales distribution or for employment 1-4, 5-9, 10-19, 20-49, 50-99, 100+ employees. To
facilitate comparisons between employment and sales, we focus on comparing the differences in effects relative to a baseline
or omitted group. The baseline group for size contains the largest firms whereas for age it contains the oldest firms.
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Figure 7: Relationship between Firm Survival and Firm Age and Size

Notes: In this figure, we investigate the role of firm age and firm size in firm survival probabilities of Greek firms during
the period 1999-2014. The Figure illustrates the marginal effects at means (MEMs) instead of the regression coefficients
since they compute properly the partial effects of age and size. The cited average marginal effects were obtained by the
estimation of econometric specification (4). We compute marginal effects of firm size (age) from that model holding the
age (size) distribution of sales/employment constant at the sample mean. We estimate four alternative versions of model
(4), two for firm sales and two for firm employment. First, we estimate it using the the base-year definition of firm size in
terms of sales (we call this type of measurement as "traditional"). Second, we estimated it by employing the Davis et al.’s
(1996) definition for firm size in terms of sales (we call this type of measurement as "DHS"). Third, we estimate it using
the "traditional" measurement for firm size in terms of employment. Finally, we estimate the model (4) for employment
using the "DHS" measurement for the firm size. We categorize firms in six age groups 1-3, 4-6, 7-10, 11-15, 16-20, 20+

years and in six size groups for sales 1-30, 31-60, 61-70, 71-80, 81-90, 91-100 percentiles of the sales distribution or for
employment 1-4, 5-9, 10-19, 20-49, 50-99, 100+ employees. To facilitate comparisons between employment and sales, we
focus on comparing the differences in effects relative to a baseline or omitted group. The baseline group for size contains
the largest firms whereas for age it contains the oldest firms.
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Figure 8: Relationship between Firm Growth and Firm Age and Size in the Greek "Manufacturing"
and "Trade, Transportation and Accommodation" Sectors

Notes: In this figure, we investigate the role of firm age and firm size in sales and employment firm growth rates in the
"Manufacturing" (Panels (a) and (b)) and "Trade, Transportation and Accommodation" (Panels (c) and (d)) Sectors of
the Greek economy during the period 1999-2014. The Figure illustrates the marginal effects at means (MEMs) instead
of the regression coefficients since they compute properly the partial effects of age and size. The cited average marginal
effects were obtained by the estimation of econometric specification (2). We compute marginal effects of firm size (age)
from that model holding the age (size) distribution of sales/employment constant at the sample mean. We estimate four
alternative versions of model (2), two for firm sales and two for firm employment. First, we calculate growth using the
logarithmic difference of deflated sales as a measure of firm sales growth and the base-year definition of firm size (i.e. the
logarithm of deflated sales at period t− 1). We denote this measure as the “traditional” one. Second, we calculate growth
employing the Davis et al.’s (1996) definitions for the firm sales growth rates and firm size, defined earlier in subsection
2.2. We denote this as the “DHS” measure. Third, we calculate growth using the “traditional” measure for employment
growth and firm size. Finally, we estimate the model (2) for employment using the “DHS” measure for employment growth
rates and size. We categorize firms in six age groups 1-3, 4-6, 7-10, 11-15, 16-20, 20+ years and in six size groups for sales
1-30, 31-60, 61-70, 71-80, 81-90, 91-100 percentiles of the sales distribution or for employment 1-4, 5-9, 10-19, 20-49, 50-99,
100+ employees. To facilitate comparisons between employment and sales, we focus on comparing the differences in effects
relative to a baseline or omitted group. The baseline group for size contains the largest firms whereas for age it contains
the oldest firms.
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Figure 9: Growth-Age and Growth-Size Relationships, excluding the Crisis Period 2010-2014

Notes: In this figure, we present the estimation results for model (2) restricting the sample in the the pre-crisis period
(1999-2009) to examine whether the growth-age and growth-size relationships were (partly) driven by the eruption of the
Greek Depression in 2010. The Figure illustrates the marginal effects at means (MEMs) instead of the regression coefficients
since they compute properly the partial effects of age and size. We compute marginal effects of firm size (age) from that
model holding the age (size) distribution of sales/employment constant at the sample mean. We estimate four alternative
versions of model (2), two for firm sales and two for firm employment. First, we calculate growth using the logarithmic
difference of deflated sales as a measure of firm sales growth and the base-year definition of firm size (i.e. the logarithm of
deflated sales at period t − 1). We denote this measure as the “traditional” one. Second, we calculate growth employing
the Davis et al.’s (1996) definitions for the firm sales growth rates and firm size, defined earlier in subsection 2.2. We
denote this as the “DHS” measure. Third, we calculate growth using the “traditional” measure for employment growth
and firm size. Finally, we estimate the model (2) for employment using the “DHS” measure for employment growth rates
and size. We categorize firms in six age groups 1-3, 4-6, 7-10, 11-15, 16-20, 20+ years and in six size groups for sales
1-30, 31-60, 61-70, 71-80, 81-90, 91-100 percentiles of the sales distribution or for employment 1-4, 5-9, 10-19, 20-49, 50-99,
100+ employees. To facilitate comparisons between employment and sales, we focus on comparing the differences in effects
relative to a baseline or omitted group. The baseline group for size contains the largest firms whereas for age it contains
the oldest firms.
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Figure 10: Growth-Age and Growth-Size Relationships using Heckman’s (1979) Method for Sam-
pling Bias Correction

Notes: In this figure, we present the estimation results for model (2) using the Heckman’s (1979) method for correcting
the sampling bias. The Figure illustrates the marginal effects at means (MEMs) instead of the regression coefficients since
they compute properly the partial effects of age and size. We compute marginal effects of firm size (age) from that model
holding the age (size) distribution of sales/employment constant at the sample mean. We estimate four alternative versions
of model (2), two for firm sales and two for firm employment. First, we calculate growth using the logarithmic difference
of deflated sales as a measure of firm sales growth and the base-year definition of firm size (i.e. the logarithm of deflated
sales at period t−1). We denote this measure as the “traditional” one. Second, we calculate growth employing the Davis et
al.’s (1996) definitions for the firm sales growth rates and firm size, defined earlier in subsection 2.2. We denote this as the
“DHS” measure. Third, we calculate growth using the “traditional” measure for employment growth and firm size. Finally,
we estimate the model (2) for employment using the “DHS” measure for employment growth rates and size. We categorize
firms in six age groups 1-3, 4-6, 7-10, 11-15, 16-20, 20+ years and in six size groups for sales 1-30, 31-60, 61-70, 71-80,
81-90, 91-100 percentiles of the sales distribution or for employment 1-4, 5-9, 10-19, 20-49, 50-99, 100+ employees. To
facilitate comparisons between employment and sales, we focus on comparing the differences in effects relative to a baseline
or omitted group. The baseline group for size contains the largest firms whereas for age it contains the oldest firms.



Tables

Year Gross Output Employment

1998 0.48 0.32

1999 0.54 0.32

2000 0.59 0.33

2001 0.56 0.32

2002 0.57 0.32

2003 0.56 0.32

2004 0.56 0.31

2005 056 0.38

2006 0.57 0.37

2007 0.62 0.38

2008 0.66 0.35

2009 0.61 0.36

2010 0.63 0.34

2011 0.67 0.35

2012 0.65 0.34

2013 0.62 0.36

2014 0.62 0.37

Average 0.60 0.34

Notes: This Table summarizes the coverage in our data for Greece between 1998 and 2014. The columns in the
table represent the ratio of aggregate gross output and employment recorded in our sample relative to the
same object in Eurostat as reported by its Structural Business Statistics (SBS). At the firm-level, gross output
was measured by aggregate gross sales, deflated by the Producer Price Index (PPI).

Table 1: Coverage in ICAP Relative to Eurostat
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Employment

Sales Small Medium Large Total

Small 69.5 29.0 1.5 100.00
Medium 26.0 61.5 12.5 100.00
Large 6.5 31.5 62.0 100.00
Total 0.50 0.40 0.10 100.00

Sales
Employment Small Medium Large Total

Small 73.5 25.0 1.5 100.00
Medium 31.0 61.0 8.0 100.00
Large 5.5 42.0 52.5 100.00
Total 0.50 0.40 0.10 100.00

Notes: This Table reports the portions of firms by sales and employment size groups. The cross-
tabulation is based on the base-year definition of firm size for both sales and employment.
However, the average size definition of Davis et al. (1996) leads to almost identical results.We
classify firms into three sales (employment) size groups: small for percentiles 1-50 of the
sales (employment) distribution at period t − 1, medium for percentiles 51-90 and large for
percentiles 91-100.

Table 3: Cross Tabulation - Sales VS Employment Size Groups
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Sales Employment

Traditional DHS Traditional DHS
Age Class
1 to 3 years 0.037*** 0.766*** 0.233*** 0.201***

(0.004) (0.003) (0.005) (0.004)
4 to 6 years 0.010*** 0.265*** 0.155*** 0.075***

(0.000) (0.003) (0.004) (0.002)
7 to 10 years -0.040*** 0.183*** 0.103*** 0.039***

(0.002) (0.003) (0.003) (0.002)
11 to 15 years -0.062*** 0.105*** 0.077*** 0.014***

(0.002) (0.003) (0.003) (0.001)
16 to 20 years -0.067*** 0.075*** 0.047*** -0.006***

(0.002) (0.003) (0.003) (0.002)
21+ years -0.074*** 0.078*** 0.044*** -0.024***

(0.001) (0.002) (0.003) (0.001)
Size Class

1 to 30 sales percentiles 0.022*** 0.452*** -0.221*** 0.008***
or 1-4 employees (0.002) (0.006) (0.003) (0.002)

31 to 60 sales percentiles -0.050*** 0.247*** 0.079*** 0.009***
or 5-9 employees (0.001) (0.005) (0.003) (0.001)

61 to 70 sales percentiles -0.066*** 0.114*** 0.178*** 0.029***
or 10-19 employees (0.002) (0.006) (0.003) (0.001)

71 to 80 sales percentiles -0.074*** 0.074*** 0.291*** 0.045***
or 20-49 employees (0.002) (0.006) (0.004) (0.001)

81 to 90 sales percentiles -0.085*** 0.033*** 0.381*** 0.065***
or 50-99 employees (0.002) (0.006) (0.009) (0.003)

91 to 100 sales percentiles -0.077*** 0.030*** 0.452*** 0.075***
or 100+ employees (0.002) (0.006) (0.011) (0.003)

Observations 404,001 445,624 404,001 445,624

Notes: This Table reports the estimation results for model (2). The Table cites the marginal effects at means
(MEMs) instead of the regression coefficients since they compute properly the partial effects of age and
size. We compute marginal effects of firm size (age) from that model holding the age (size) distribution of
sales/employment constant at the sample mean. We estimate four alternative versions of model (2), two for
firm sales and two for firm employment. First, we calculate growth using the logarithmic difference of deflated
sales as a measure of firm sales growth and the base-year definition of firm size (i.e. the logarithm of deflated
sales at period t−1). We denote this measure as the “traditional” one. Second, we calculate growth employing
the Davis et al.’s (1996) definitions for the firm sales growth rates and firm size, defined earlier in subsection
2.2. We denote this as the “DHS” measure. Third, we calculate growth using the “traditional” measure
for employment growth and firm size. Finally, we estimate the model (2) for employment using the “DHS”
measure for employment growth rates and size. Age categories are defined in years, whilst size categories
are defined in percentiles of the sales distribution or in number of employees. *, **, *** denote statistical
significance at the 10, 5 and 1 percent level respectively. Standard errors are in parentheses. Standard errors
are clustered by firm and calculated according to Delta Method (Dorfman, 1938).

Table C1: Marginal Effects at Means of Age and Size on Firm Growth from Model (2)
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Sales Employment

Traditional DHS Traditional DHS
Age Class
1 to 3 years 0.111*** 0.688*** 0.188*** 0.224***

(0.004) (0.004) (0.006) (0.004)
4 to 6 years 0.084*** 0.187*** 0.111*** 0.098***

(0.003) (0.004) (0.005) (0.003)
7 to 10 years 0.034*** 0.105*** 0.059*** 0.063***

(0.002) (0.004) (0.004) (0.002)
11 to 15 years 0.012*** 0.027*** 0.032*** 0.037***

(0.002) (0.003) (0.004) (0.002)
16 to 20 years 0.007*** -0.003 0.003 0.018***

(0.002) (0.004) (0.004) (0.002)
21+ years 0.000 0.000 0.000 0.000

(-) (-) (-) (-)
Size Class

1 to 30 sales percentiles 0.099*** 0.422*** -0.673*** -0.066***
or 1-4 employees (0.003) (0.004) (0.011) (0.003)

31 to 60 sales percentiles 0.027*** 0.216*** -0.374*** -0.066***
or 5-9 employees (0.003) (0.003) (0.011) (0.003)

61 to 70 sales percentiles 0.011*** 0.083*** -0.274*** -0.045***
or 10-19 employees (0.003) (0.004) (0.011) (0.003)

71 to 80 sales percentiles 0.003 0.044*** -0.162*** -0.030***
or 20-49 employees (0.003) (0.004) (0.011) (0.003)

81 to 90 sales percentiles -0.008** 0.003 -0.072*** -0.010**
or 50-99 employees (0.003) (0.004) (0.014) (0.004)

91 to 100 sales percentiles 0.000 0.000 0.000 0.000
or 100+ employees (-) (-) (-) (-)

Observations 404,001 445,624 404,001 445,624

Notes: This table presents the differential effects of firm age and size on employment and sales growth, depicted in
figure (6). We compute these effects as the differences in the marginal effects at means (MEMs), produced by
the estimation of the growth model (2), relative to a baseline or omitted group. The baseline group for size
contains the largest firms whereas for age it contains the oldest firms. We estimate four alternative versions of
model (2), two for firm sales and two for firm employment. First, we calculate growth using the logarithmic
difference of deflated sales as a measure of firm sales growth and the base-year definition of firm size (i.e.
the logarithm of deflated sales at period t − 1). We denote this measure as the “traditional” one. Second,
we calculate growth employing the Davis et al.’s (1996) definitions for the firm sales growth rates and firm
size, defined earlier in subsection 2.2. We denote this as the “DHS” measure. Third, we calculate growth
using the “traditional” measure for employment growth and firm size. Finally, we estimate the model (2) for
employment using the “DHS” measure for employment growth rates and size. Age categories are defined in
years, whilst size categories are defined in percentiles of the sales distribution or in number of employees.
*, **, *** denote statistical significance at the 10, 5 and 1 percent level respectively. Standard errors are
in parentheses. Standard errors are clustered by firm and calculated according to Delta Method (Dorfman,
1938).

Table C2: Differential Effects of Age and Size on Firm Growth from Model (2)
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Sales Employment

Traditional DHS Traditional DHS
Age Class
1 to 3 years -0.025*** -0.017*** 0.035*** 0.043***

(0.002) (0.001) (0.003) (0.003)
4 to 6 years -0.022*** -0.019*** 0.006** 0.011***

(0.002) (0.001) (0.003) (0.003)
7 to 10 years -0.018*** -0.016*** -0.005* 0.002

(0.002) (0.001) (0.003) (0.003)
11 to 15 years -0.006*** -0.004*** 0.006** 0.013***

(0.002) (0.001) (0.003) (0.003)
16 to 20 years 0.001 0.004*** 0.006** 0.012***

(0.002) (0.001) (0.003) (0.003)
21+ years 0.000 0.000 0.000 0.000

(-) (-) (-) (-)
Size Class

1 to 30 sales percentiles -0.025*** -0.074*** -0.164*** -0.152***
or 1-4 employees (0.002) (0.001) (0.004) (0.004)

31 to 60 sales percentiles -0.022*** -0.039*** -0.098*** -0.086***
or 5-9 employees (0.002) (0.001) (0.004) (0.004)

61 to 70 sales percentiles -0.018*** -0.017*** -0.057*** -0.051***
or 10-19 employees (0.003) (0.002) (0.004) (0.004)

71 to 80 sales percentiles -0.006** -0.012*** -0.025*** -0.021***
or 20-49 employees (0.003) (0.002) (0.004) (0.004)

81 to 90 sales percentiles 0.001 -0.003* -0.014*** -0.010**
or 50-99 employees (0.002) (0.002) (0.005) (0.005)

91 to 100 sales percentiles 0.000 0.000 0.000 0.000
or 100+ employees (-) (-) (-) (-)

Observations 404,001 445,624 404,001 445,624

Notes: This table presents the differential effects of firm age and size on firm survival, depicted in figure (7). We
compute these effects as the differences in the marginal effects at means (MEMs), produced by the estimation
of the growth model (4), relative to a baseline or omitted group. The baseline group for size contains the
largest firms whereas for age it contains the oldest firms. We estimate four alternative versions of model (4),
two for firm sales and two for firm employment. First, we estimate it using the the base-year definition of
firm size in terms of sales (we call this type of measurement as "traditional"). Second, we estimated it by
employing the Davis et al.’s (1996) definition for firm size in terms of sales (we call this type of measurement
as "DHS"). Third, we estimate it using the "traditional" measurement for firm size in terms of employment.
Finally, we estimate the model (4) for employment using the "DHS" measurement for the firm size. Age
categories are defined in years, whilst size categories are defined in percentiles of the sales distribution or in
number of employees. *, **, *** denote statistical significance at the 10, 5 and 1 percent level respectively.
Standard errors are in parentheses. Standard errors are clustered by firm and calculated according to Delta
Method (Dorfman, 1938).

Table C3: Differential Effects of Age and Size on Firm Survival from Model (4)
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