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Abstract: Fish farming play important role in providing food and income in many EU countries, either as a stand-
alone activity or in association with crop agriculture and livestock rearing. Fish farming is widespread in Greece
and differs only with respect to species, production systems and volumes. Moreover, the Greek economic crisis has
heavily affected the fish farming sector and challenges the competitiveness of farms. The objective of the current
paper is the examination of the profitability and efficiency of the Greek fish farming industry during the

most crucial years of Greek economic crisis by measuring firm’s performance using a panel data set of companies.
The research is based on financial data of sixty-eight aquaculture firms for the period 2010-2015. The empirical
results indicate that firms share of total sales has a positive impact on profitability, while an alternative proxy, the
total assets is negatively linked to efficiency. Firm's profitability is positively affected by liquidity, working
capital management, productivity and industry’s growth and negatively by financial and operating leverage.
Firms Efficiency is determined positively by profitability and ability to repay its debt obligations and negatively%y
capital intensity, operating leverage and size.
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1 Introduction increase of unemployment, who they led to a
The Greek economy in recent years faced a major reduction of domest.ic Qemand. The recession in 2011
debt crisis and recession that lasted ten years [1]. led to a reduction in investment of about 20% and
During 2010, the Greek government pledged to affected all sectors of business [3,4] as companies
reduce its budget deficit through the implementation found themselves at a dead end due to lack of
of a series of austerity measures due to the agreement liquidity in the Greek market. Only a few sectors of
with the International Monetary Fund, the European the Greek economy managed to escape from this
Central Bank and the European Commission [2]. This instability cycle, especially those with an export
austerity program and the dynamics of the financial orientation or those sectors that managed to start
crisis and recession during the period 2009-2017 exporting under the pressure of shrinking domestic
caused the cumulative decline of the country's GDP, demand [5,6]. One of these sectors was the Greek
the reduction of consumption and the dramatic aquacultures.
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Marine fish farming in Greece was established in the
early 1980s motivated by the strong European Union
(EU) support in establishing pilot-scale farms [7].
Fish farming is an important and promising sector of
the Greek economy. Fish farming in Greece
represents 84% in terms of volume and 98% in terms
of value of the total aquaculture production, while is
the third fish farming producer in the world, and the
first in the European Union. The sector is
oligopolistic, with the eight largest Greek companies
to concentrate the approximately 80% of the
aggregate sales, benefiting from economies of scale
in production, while they hold a stable share, greater
than 45%, of the EU-27 production. The Greek
aquaculture industry is highly export-oriented and
contributes about 11% of the total national
agricultural exports, while employs directly and
indirectly approximately 12,000 persons. The 80% of
total production takes place in Peloponnese, Thessaly
and Central Greece, Western Greece and the lonian
Islands and the Aegean [8].

The present study aims to investigate the potential
key drivers of firms’ profitability and efficiency in
the Greek aquaculture industry at the peak of Greek
economic crisis (2010-2015). More specifically,
seeks to ascertain how these determinants influence
the profitability and competitiveness of the Greek
fish farming companies. According to many studies
[9, 10, 11, 12] the most commonly used indicators of
a firm's competitiveness are the operating
performance, market performance and profitability.
Operational ability and profitability are mainly
determined by productivity, cost efficiency, size,
competitive prices, capital investment, product
quality, flexibility, and leverage among others [11,
12, 13, 14].

Numerous studies examine the relationship between
firms’ performance, using different measures of
performance, while employing different statistical
tests and econometric approaches [12, 15, 16, 17, 18].
Increased market share is determined by the firm's
ability and capability of creating and sustaining
market values, such as competitive advantages [19].
Profitability is associated with competitiveness,
especially in fish sector where costs are essential in
determining prices and the world competition is
based mainly on that. There is a large literature
identifying factors affecting profitability in fish
farming sector, while relate financial performance to
several explanatory factors such as, market share,
financial and operating leverage, size, age, capital
investment, working capital among others [12,16, 20,
21, 22,23 24].

Technical efficiency reflects the ability of a firm to
obtain maximum outputs from a given set of inputs.
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The majority of the studies that measure efficiency
use the Data Envelopment Analysis (DEA) or
Stochastic Frontier Analysis and investigate the
extent to which a firm that uses several inputs and
produces several outputs, is efficient in the way it
allocates its resources [25, 26, 27]. The stochastic
frontier approach is considered more appropriate for
assessing technical efficiency in a developing-
country agriculture, where data are often heavily
influenced by measurement errors [28, 29, 30,
31,32,33,34]. In recent studies, econometric models
have been used to investigate technical efficiency
effects because of the computational simplicity and
ability to examine the effect of various farm-specific
variables [11, 30, 35, 36]. The paper is organized as
follows: section two presents the methodology,
section three presents the results, section the
discussion, and finally section five sums up with the
conclusions.

2 Methodology

Panel data econometric approach was applied to find
the variables that explain the variations of firms’
profitability and efficiency during study period.
Annual data is preferable in order to avoid
seasonality problems which are dominant in this
sector. The conjunction of time series and cross-
sectional data allows for higher degrees of freedom
in the estimation process, gives more data
information, reduces the multicollinearity effects,
and allows for dynamic specification. Two
econometric models were constructed, the first one
measures profitability, while the second measures
technical efficiency. The robustness of the sample is
highly indicated by the inclusion of the firms with the
higher profitability and sales share of the market,
approaching approximately the 90% of the total share
of the Greek fish sector in the period under
consideration. In the accounting literature, firm’s
profitability is defined as the operational margin
before financial costs and taxes, which are irrelevant
to the extra operational activity [37, 38]. Technical
efficiency reflects the ability of a firm to obtain
maximum outputs from a given set of inputs and is
measured by Total Sales/Fixed Assets.

In this study sixty-eight companies from Greek
fishery sector were considered and the financial data
used were obtained from the ICAP Hellas for the
period 2010-2015. Although, according to the
literature the fish farming efficiency investigation is
mainly based on DEA and Stochastic Frontier
Analysis, the current empirical analysis uses the
Panel data method to identify the relationship
between firms’ financial attributes and level of
profitability-efficiency. The econometric approach
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assists to the detection of the differences in
profitability-efficiency caused by the management of
resources of the firms, emphasizing on the
managerial capability, along with size, operating
leverage and age.

In the present study, the term “panel data” refers to
the pooling of observations in a cross-section of the
68 companies over a period of six years (2010-2015).
Panel data can be balanced when all entities are
observed in all time periods. The main three types of
panel-data models are pooled Ordinary Least Squares
(OLS) model (assumes constant coefficients), fixed
effects model (assumes that the individual specific
effects are correlated with the regressors), and
random effects model (assumes that the individual
specific effects are not correlated with the
regressors). The combination of cross section and
time series data should be conducted in an
appropriate statistical way, otherwise the coefficients
will not be efficient. In order to decide between fixed
or random effects we run a Hausman test where the
null hypothesis is that the preferred model is random
effects vs. the alternative fixed effects [39].

The following theoretical models are used in order to
estimate Profitability and Efficiency in Greek Fish
farming industry.

PRF, =¢; +b,MS; +b,AGE; +b,GRI; +b,PROD, +b;FIN; +bWCTA, +
+b,0PER; +b,LI1Q, +u,

EFF, =c, +b,SIZE, +b,AGE, +b,EBIT, +b,CAP, +b,OPER, +b,PRF +u,

where i refers to cross sections and t refers to time
periods, where u it is an error term.

o PRF: Measure profitability and is defined as the
operational margin before financial costs and
taxes, which are irrelevant to the extra
operational activity [36]. PRF is used as
depended variable in the first model.
Furthermore, PRF is used as explanatory
variable in the model that measures efficiency
and is expected to have positive effect [11, 40].

o EFF: Measures technical efficiency and is taken
as Total Sales /Fixed Assets. EFF is used as
depended variable in the second model.

e MS: Is the market share, which is the proportion
of demand that each firm covers in the market
and is used as explanatory variable in the first
model. Market share is measured by the
formula: MS=FTSt/ITSt, where FTSt is the
firm’s total sales for a certain year and ITSt is
industry’s total sales for the same year. We
expect that market share has a positive influence
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on profits; that is, an increase in market share
would provide the incentive in firms to increase
their profitability [42, 43].

AGE: Age measured as year t minus year of
firm’s establishment. AGE is wused as
explanatory variable in both models and is
expected to affect profitability positively and the
efficiency negatively [11].

GRI: Is the industry’s sales growth rate,
measured as the annual percentage change of the
total sales and is used as explanatory variable in
the first model. It is suggested in the literature
[44, 45, 46] and has a positive effect on profits.
GRI is calculated by the formula: GRI = (Tst-
Tst-1)/Tst-1, where Tst is the total sales of a
certain year and Tst-1 is the total sales of the
previous year.

PROD: Productivity is measured in terms of
Total Sales/number of employees. Is used as
explanatory variable in the first model and the
literature has shown that affects profitability
positively [11, 47]. Profitable firms are those
that are more productive and cost effective in
their operations and management [48].

FIN: Is the financial leverage and is measured
by Long Term debt/Total Assets. Financial
leverage is used as independent variable in the
first model and is shown to have negatively
impact performance in the general literature
[12].

WCTA: Is measured as Working Capital/Total
Assets; We expect that capital investment has a
positive influence on profits; that is, an increase
in WCTA would provide the incentive in firms
to increase their profitability [21]. Firms in fish
industry need a significant level of working
capital to generate sales.

LIQ: Is liquidity ratio (Current Assets/Current
Liabilities) and is used as explanatory variable
in the first model. The liquidity ratio is expected
to have a positive effect on profitability. High
liquidity ratio lowers the risk of being unable to
meet short-term financial commitments [10].
OPER: Is the operating leverage as a proxy for
the mixture of fixed and variable cost [49].
Firms with high operating leverage normally
experience higher variability in profitability
than firms with low operating leverage. These
firms are observed to perform better than
average in good times, and below average in
worse times [12]. Is used as explanatory variable
in both models and is expected to affect
profitability and efficiency negatively.
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e SIZE: Size is measured by firm's Total Assets.
This measure is used as explanatory variable in
the second model and is expected to affect
efficiency negatively [11].

e EBIT: Is the ability of each company to pay its
fixed obligations or interest coverage ratio. Is
measured as EBIT/interest expense and lease
obligations, used as a proxy of financial risk in
the firm (EBIT: Earnings Before Interest and
Taxes). This variable is used in the second
model and is expected to affect efficiency
positively [11].

e CAP: Is measured as Fixed Assets/Total Assets
and it shows the firm’s capital intensiveness.
This measure is used as independent variable in
the second model and is expected to affect
efficiency negatively [11, 50].

3 Results

The regression results of pooled OLS and fixed effect
estimator are shown in Table 1 and give the estimated
coefficients for the first panel data set that measure
profitability. The explanatory power of the Greek fish
farming profitability regression is quite high (R-
squared=0.78). According to the results displayed, all
of the variables have the expected signs and most of
the variables have the expected level of significance.
A series of t-test at 1% and 5% level of significance
have been applied on each independent variable
against the dependent variable. From the above panel
model equation, PROD and LIQ, share the same level
of significance, which is 1%. MS, GRI, FIN, WCTA
and OPER are statistically significant at 5%. Only
AGE variable was non-significant (see table 1).

Table 1, Pooled OLS regression/Fixed Effect model
estimation of Profitability

OLS Regression
Coefficient Prob.- Value
195.32 0.050
0.1325 0.014
2.3521 0.195
0.1365 0.016
197.42 0.000
-161.43 0.024
94.271
-0.6852
0.3223
408
RZ
R? Adjusted
F-Statistic

Fixed Effect Model
Coefficient Prob.- Value
117.48 0.045
0.1725 0.001
2.7563 0.184
0.1891 0.008
168.12 0.000
-158.62 0.020
75.962
-1.9412
0.3711
408
R-sq (overall)
F (8, 332)
Prob>F
rho

C (constant)
MS

AGE

GRI

PROD

FIN

WCTA
OPER

LIQ
Observations

0.004
0.008
0.000

0.000
0.000
0.000

0.84
0.82
0.88

0.78
19.25
0.000

0.8475

Source: Authors’ own work, 2021.

The regression results of pooled OLS and fixed effect
estimator are shown in Table 2 and give the estimated
coefficients for the second panel data set that measure
efficiency. The explanatory power of the Greek fish
farming efficiency regression is quite high (R-
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squared=0.72). According to the results displayed,
most of the variables have the expected signs and the
expected levels of significance. A series of t-test at
1% and 5% levels of significance have been applied
on each independent variable against the dependent
variable. From the above panel model equation, CAP
is statistically significant at 1%. SIZE, EBIT, OPER
and PRF are statistically significant at 5%. Only AGE
was non-significant. (see table2)

Table 2, Pooled OLS regression/Fixed Effect model
estimation of Efficiency

OLS Regression

Prob.- Value
0.000
0.048
0.182
0.000
0.042
0.028
0.012

Fixed Effect Model
Coefficient Prob.- Value
52.184 0.000
-0.0031 0.036
0.9821 0.167
-111.42 0.000
0.0036 0.038
-0.0092 0.017
0.6252 0.009
408
R-sq (overall)
F (6, 334)
Prob>F
rho

Coefficient
43.778
-0.0025
0.6715
-91.587
0.0026
-0.0086
0.0523

408

RZ
R? Adjusted
F-Statistic

C (constant)
SIZE

AGE

CAP

EBIT

OPER

PRF
Observations

0.88
0.86
0.87

0.72
19.28
0.000

0.8266

Source: Authors’ own work, 2021.

The application of the Hausman-test for fixed effects
or random effects in the study shows that the fixed
effect model is the advisable estimation method for
the two models.

4 Discussion

The results from the profitability model, shown in
Table 1, are in line with the general literature which
reports that the market share positively and
significantly influences firms profitability. Larger
firms as expected have higher profitability, since they
can achieve lower cost per unit in line with the
economies of scale. The operating leverage
negatively impacts profitability; however, the ratio
between working capital and total assets positively
impacts profitability. In this highly cyclical industry,
it was expected that firms with a more flexible cost
structure (a lower share of fixed assets) adapt better
to changing business condition and therefore perform
better [12]. Also, financial leverage has a negative
effect on profitability. This can be considered as a
reasonable result, since it is clear that greater
borrowing implies a reduction of profitability [51,
52]. Obviously, this rule also applies to fishery firms
in Greece. Liquidity ratio and productivity have a
positive,  statistically  significant, effect on
profitability. Productivity gives rise to comparative
advantage and greater potential for investment, while
empirical research has found that productivity is the
key variable explaining profitability [53]. Impact of
market growth also shows a strong and positive
association with profitability. As reported in Table 1,
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for these fish farming companies age is not found to
significantly affect profitability.

The results from the efficiency model, which is
reported in Table 2, indicate that total assets as a
proxy of firms size negatively and significantly
influences efficiency, which indicates that in fish
sector firms with small amounts of total assets
perform better than their counterparts. Coefficient of
the size reflects how firm's efficiency changes with
the company's expansion. The larger the company,
the lower the efficiency. The results also suggest that
efficiency is positively affected by firm's profitability
and ability to repay its debt obligations. This means
that those fish farming firms which are able to repay
their debts have credibility and a healthy financial
condition and can attain higher efficiency in fixed
assets. Furthermore, operating leverage and capital
intensity are found to be negatively related to fixed
assets efficiency. This means that, combined with
size, small size firms with low investments in fixed
assets are the ones that can be more efficient in terms
of productive assets. As reported in Table 2, for these
fish farming companies age is not found to
significantly affect technical efficiency.

The current study indicates that although Greek
aquaculture is mature, at least compared to other
countries in Europe, there is still much that can be
done to improve the efficiency and profitability of
Greek fish farms. Simple messages such as
improving production cost and feeding practices can
have a significant impact on farm profitability,
transforming aquaculture businesses from just
surviving into thriving, profitable enterprises. High
use of working capital decreases productivity, acting
as an indication of low managerial capability in the
use of firm’s funds. The high prices of inputs affect
the economic performance of farms adversely. The
low producer prices cannot counterbalance income
losses from the increased production cost and the
uncertain overall economic environment. In this
industry it was expected that firms with a more
flexible cost structure and with low shares of fixed
assets, adapt better to changing business condition
and therefore perform better [12].

5 Conclusion

The Greek fish farming industry is an important
sector in terms of its total manufacturing output,
growth and profitability even if the economy is under
instability, like in the previous decade. A panel data
analysis is used to identify the most significant
variables of firms’ profitability and efficiency for
eighty-six Greek fish farming companies for the
period 2010- 2015 where the Greek economy was at
the peak of the crisis. The empirical results from
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investigating a large sample of Greek firms in fish
industry sector suggest that firm market share, sector
growth, liquidity, productivity and working capital
influence firm’s profitability positively, while firms
operating, and financial leverage influences it
negatively. Furthermore, the empirical results
suggest that firm’s size, operating leverage and
capital intensity influence efficiency negatively,
while profitability and firm's ability to repay its debt
obligations influences it positively.

The above results suggest that policies at national or
firm level for the growth of profitability of the fish
farming sector should be focused on the
improvement of the firms efficiency in terms of their
investment conditions management, as well as on the
improvement of the economies of scale (degree of
growth). Managers of fish farming companies in
Greece should efficiently use their resources and
control of production expenses. They should make
reasonable use of debt, retaining company's financial
risk at low level. In fish farming sector, companies
with more flexible cost structure and low shares of
fixed assets, adapt better to changing business
conditions and, therefore, perform better. The results
of this research can contribute to the benefit of fish
farming companies, considering that capital
investments have an important role in their
sustainable development. They can be used by
managers as a helpful tool while making strategic and
investment decisions. Special attention should be
given by the State in fish farming sector, to support
the economy and achieve economic growth because
this sector has been proved that remains stably
positive at edged economic circumstances. Greece is
an economy in crisis in high need of exports and
fishery sector can help in increasing the country’s
exports, contributing to its GNP growth and job
creation.
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