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ABSTRACT
In this paper we estimate systematic risk of the Slovak unquoted agricultural farms – agricultural cooperatives and
companies, in the period of 2009-2012. An alternative Markowitz portfolio theory approach was applied. As a
measure of the systematic risk, we used return on equity (ROE). Based on the dataset of 996 farms over years 20092012, the Slovak farm average ROE reached 0.048% and systematic risk 3%. The Slovak agricultural farms displayed
low profitability. The average ROE was higher and systematic risk indicator was lower for agricultural companies than
for agricultural production cooperatives. Thus the agricultural companies could be more attractive for investors.
Keywords: systematic risk, unquoted agricultural farms, return on equity
JEL: R52, R58, H41

INTRODUCTION
Risk is one of the main factors influencing the
investment decision making process. Risk generally
refers to the deviation of a considered indicator, and the
risk's magnitude depends on the magnitude of volatility
during a certain period. Total risk is typically measured,
according to the Markowitz portfolio theory, by the
mean-variance model and the standard deviation of stock
return (Brealey and Myers 2008). Not all businesses
raise their capital in the form of stocks traded on the
stock market. These businesses represent unquoted
companies.
The systematic and unsystematic risk belongs to
the concept of Capital Asset Prising Model (CAPM)
(Sharpe 1964; Lintner 1965) built on the mean-variance
portfolio work of Markowitz (1952). While the
unsystematic risk reflects the firm specific risk sources
that might be eliminated by the diversification, the
systematic risk remains common for all entities in a
particular sector and can be termed as the market risk.
(Brealey and Myers, 2008). The systematic risk
measurement in the CAPM, also originally considers the
volatility of stock prices and expected returns on
securities. Very closely related to the CAPM is the
Simple index model (SIM) equation, which is virtually
identical to the CAPM equation, but without equilibrium
asset pricing implications (Sharpe 1963, Hubbs et al.
2009). It means, the model can also be applied to other
markets, not only the security market. It empowers the
assumption to measure the systematic risk of unquoted
companies, using alternatively the equity ratio. The
stocks, considered in the original model, represent the

equity securities, and the return on stock reflects simply
the return on equity invested into the business. Therefore,
it might be assumed, that deviation of return on equity
could be considered for measurement of risk for
unquoted companies.
The systematic risk can vary across industries,
since industries show various resistance patterns against
the risk, due to different business attributes (Lee and
Jang 2006). The entities operating within the agricultural
sector belong to the unquoted companies, whose
securities are not traded on the public stock exchange.
The systematic risk estimation in the agricultural sector
requires the alternative Markowitz theory approach or
SIM implication, when the input variables used in the
analysis are the accounting fundamentals of companies.
This alternative approach was applied in the number of
previous studies, such as usage of gross and net returns
(Gempesaw et al. 1988), crop revenues (Mumey et al.
1992) farm equity returns (Baginski and Wahlen 2003),
book to market ratios (Fama and French 1995) or cash
flow variability (Campbell and Vuolteenaho 2004;
Cohen et al. 2009; Da, 2009).
The risk analysis of agriculture, using the
Markowitz approach or Single index model, has been
applied in a number of studies. Many of them did not
have an aggregate character. They mainly focused on the
certain part of agricultural production, for example,
Barry (1980) applied the CAPM assumptions to estimate
beta for the U.S. farm real estate market, Peterson and
Leuthold (1987) used the portfolio approach to examine
the cattle feeding problem, Prattley et al. (2007) applied
the portfolio concept to find appropriate allocation of
surveillance resources in animal populations, Barkley et
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al. (2010) estimated optimal crop diversification. A more
aggregate perspective, when the systematic and nonsystematic risk of agriculture of a whole country is
estimated, can be found as well. Gempesaw et al. (1988)
applied the model to Delaware farm sector market
portfolio, Turvey and Driver (1987) used SIM to study
the systematic and non-systematic risk of the Canadian
agriculture. Libbin et al. (2004) applied the Markowitz
portfolio model directly to a series of representative New
Mexico farms.
The most agricultural land in Slovakia is
cultivated by the unquoted agricultural production
cooperatives and the agricultural commercial companies
(e.g. limited liability companies, joint stock companies).
The main objective of the paper is to measure the
systematic risk of these Slovak unquoted agricultural
farms – cooperatives and companies, using the
alternative Markowitz portfolio theory approach.

Where:
dt – a weight of 𝑅𝑅𝑅𝑖𝑖 over the observed period t; T=4.

The individual risk of each farm (𝜎𝑖 ) is calculated using
the standard deviation.
𝜎𝑖 = �∑𝑇𝑡=1(𝑅𝑅𝑅𝑖𝑖 − 𝐸𝐸𝐸𝐸𝑖 )2 . 𝑑𝑡

Where:
𝜎𝑖 – standard deviation of the individual return on equity
(individual farm risk),
𝑅𝑅𝑅it – individual return on equity,
𝐸𝑅𝑅𝑅i – average individual return on equity.
The portfolio (systematic) risk (𝜎𝑝 ) is
determined by three variables:
wi – weight of the individual investment in portfolio,
𝜎𝑖 – standard deviation of the individual investment
(individual risk),
𝜎𝑖𝑖 – covariance (relation between the ROEi and ROEj).
To take into account the market portfolio of all
agriculture farms, the weight wi of each farm is
determined by farm market share, which is the share of
the farm` s equity on the total equity of all farms.
The covariance represents the relationship
between returns on equity of farms (Eq. 4) and then Σ is
the covariance matrix (Eq. 5).

DATA AND METHODS
Data
Data from database of the Slovak Ministry of Agriculture
and Rural Development (IL MoARD, 2013), over the
period 2009-2012. The database consists of individual
farm data, including balance sheets and income from
financial statements. Data submission is obligatory for all
agricultural. For our analysis, data were selected
according to the farm legal form to subset of the
agricultural production cooperatives (461) and the subset
of the capital companies - Joint Stock Company (JSC)
and Limited Liability Companies (Ltd.) (535). From the
dataset data of the following farms were excluded:
• farms that started or quitted during the observed
period 2009-2012,
• farms with negative equity (liabilities exceeding
total assets),
• farms with return on equity (ROE) exceeding +/100% (average profit or loss exceeds equity) over
the observed period.
We used then data of 996 farms, out of which there
were 535 agricultural companies and 461 agricultural
productive cooperatives.
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Portfolio risk is given by Eq. 6.
𝜎𝑝 = �∑𝑛𝑖=1 𝑤𝑖2 . 𝜎𝑖2 + ∑𝑛𝑖=1 ∑𝑛𝑗=1 𝑤𝑖 . 𝑤𝑗 . 𝜎𝑖𝑖

(6)

𝑗≠𝑖

Where:
wi – an individual weight of i-farm (farm`s equity) in
a portfolio (total equity of all farms);
n – total number of farms.
The expected return on equity of portfolio is
estimated by the multiplication of individual weights of
portfolio (𝑤) and corresponding individual expected
returns on equity (the sum of multiplication of each
farm´s expected ROE and its share in the market
portfolio).

(1)

Measuring of volatility of return in the
Markowitz portfolio theory is based on the average return
over the observed period for each investment. We
calculated the average return on equity EROEi (Eq. 2) for
each individual farm.
𝐸𝑅𝑅𝑅𝑖 = ∑𝑇𝑡=1 𝑅𝑅𝑅𝑖𝑖 . 𝑑𝑡

𝑛

𝜎𝑖𝑖 = �

Methods
We assumed, that the return of the investor is based on
the profit of the company and the equity invested into the
business. Therefore, we considered return on equity ROE
(Eq. 1) to be equivalent to the return on stocks, generally
used in the case of quoted companies.
𝑅𝑅𝐸𝑖 =

(3)

𝐸𝑅𝑅𝑅𝑝 = ∑𝑛𝑖=1 𝐸𝐸𝐸𝐸𝑖 . 𝑤𝑖

(7)

Where:
𝐸𝐸𝐸𝐸𝑝 – expected portfolio return on equity,
𝐸𝐸𝐸𝐸𝑖 – the average return on equity of individual farm.

(2)
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Table 1 Selected Indicators of the Slovak agricultural
farms (2009-2012)

RESULTS AND DISCUSSION
The average acreage of cooperatives in the sample was
1429 hectares of the utilised agricultural area (UAA),
while the average UAA of agricultural companies was
1102 hectares (Table 1). The equity per hectare of both,
agricultural cooperatives and companies displayed high
variance, over 130% and 981% correspondingly. An
explanation of this considerable difference could follow
from prevailing specialisation of commercial companies
on capital intensive production.
While the median equity of cooperatives was
almost twice the median equity of agricultural
companies, the average equity of companies exceeded
those of cooperatives by twice. It was easier to achieve
positive return on equity (ROE) rates for agricultural
companies (Table 1).
Out of 535 agricultural farms in the sample, the
majority of them (393) made profit and their return on
equity was positive over 2009-2012. Only 26.5% of them
(142) generated loss. The cooperatives on average
generated losses every year, except for 2011. Only 38%
of cooperatives (175) were profitable during 2009-2012.
The average ROE of agricultural companies was positive
and significantly higher than was the average ROE of
cooperatives over the observed period.
The calculated systematic risk in the Slovak
agricultural farms by legal form over the period 2009 –
2012 was 3%. The average return (measured as ROE) in
the Slovak agriculture over the period 2009 – 2012 was
0.048%, which shows that the profitability of agricultural
sector was low. The average risk of the agricultural
companies was lower than calculated systematic risk
(Table 2). To higher overall average risk contributed
particularly cooperatives, with significantly higher risk
than those of companies.
The average return on investment to the Slovak
agricultural companies would reach 3% with 2.4% risk,
which means, that return would vary from 0.6 % to 5.4%
and would be positive. Cooperatives would generate loss
of 1.9% of equity, with higher risk (3.5%) than those of
agricultural companies. The return on investment to the
cooperatives would vary from -5.4% to 1.6%.
Agricultural companies are considered to be more
efficient, they display higher profitability compared to
cooperatives. It can be partially explained by high
number of co-owners of the cooperatives, reaching
approx. 9 per 100 ha of agricultural land in 2012,
compare to 1.2 per 100 ha in agricultural companies.
In addition, there were significant differences in
diversifiable farm risk values (Table 2). The diversifiable
farm risk reached 11.3% (difference between the average
total risk of a farm and the systematic risk), but the
overall farm risk, including the impact of correlation,
decreased to 3%.
The average cooperative risk was lower than the
average farm risk. Agricultural company risk variability
was higher than variability of the cooperative risk,
although the cooperative portfolio risk was higher. This
can be explained by higher variability of the agricultural
company average equity per hectare (Table 1).

Legal Form

Statistics

2009

2010

2011

2012 Average

1439

1434

1427

1415

1429

1175

1178

1170

1174

1174

St. Dev.

997

1001

1000

983

995

CV

0.69

0.70

0.70

0.69

0.70

Mean

Acreage in hectares
cooperatives Mean
Median

companies

1104

1104

1102

1097

1102

Median

744

728

755

763

747

St. Dev.

1129

1127

1108

1100

1116

CV

1.02

1.02

1.01

1.00

1.01

Equity per hectare in EUR
cooperatives Mean

companies

1495

1479

1490

1478

1486

Median

1195

1177

1226

1196

1198

St. Dev.

1967

1974

1874

1885

1925

CV

1.32

1.33

1.26

1.27

1.30

Mean

3080

3071

2929

3159

3060

466

483

521

550

505

29958 30524 27790 31840

30028

Median
St. Dev.
CV

9.73

9.94

9.49

10.08

9.81

-0.12
-0.04

-0.03

0.02

-0.02

-0.04

0.00

0.02

0.01

0.00

ROE
cooperatives Mean
Median

companies

St. Dev.

0.27

0.24

0.21

0.29

0.25

Mean

0.01

0.05

0.11

0.08

0.06

Median

0.03

0.04

0.05

0.05

0.04

St. Dev.

0.40

0.37

0.24

0.33

0.34

Source: own calculation based on data from the Information Letters of
the MoARD SR (2013).

Table 2 The Slovak agricultural farms’ systematic risk
(2009-2012)
Average
ROE
(aver.
EROEi)

Number
of farms
Ag. Farms
996
0.048%
Ag. Companies
535
3.0%
Ag. Cooperatives
461
-1.9%

Average
Systematic total risk
(Portfolio) of a farm
risk (ơp)
(aver. ơi)

Average
equity
per farm
(mil. EUR)

3.0%

14.3%

1.52

2.4%

16.2%

1.13

3.5%

12.1%

1.97

Source: own calculation based on data from the Information Letters of
the MoARD SR (2013).

CONCLUSION
Systematic risk is a quantitative measure of a market risk.
The higher the systematic risk is in a market, the higher
the required return should be. The risk level in
agriculture has been partially mitigated by agricultural
policy measures. The majority of agricultural farms are
unquoted and the assessment of the market value of their
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return and risk calculations can be only based on
financial statements.
The Slovak agricultural farms in our sample
displayed low profitability over observed period.
Significant differences in the levels of return on equity
and systematic risk were observed in between of
agricultural cooperatives and companies, both prevailing
legal forms of agricultural farms in Slovakia. Since the
average ROE was higher and the portfolio risk indicator
was lower for companies, these could be more attractive
for investors. The average risk of individual company
however, exceeded the average risk of individual
cooperative. Due to higher systematic risk of the
agricultural cooperatives, we can expect further decline
of their number and their share on the UAA in favour of
agricultural companies.
There are several limitations of this study
approach, e.g. regional farm distribution was not taken
into consideration, questionable reliability of the
financial statements used for tax purposes, data sample
restricted to two legal forms, even they cultivate the
highest share of the UAA. A longer period of
observations will enable in the future to verify the
conclusions on lower risk level of agricultural companies
compare to agricultural production cooperatives.
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